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      PREFACE

    

  


  Kidney transplantation has become a routine renal replacement therapeutic option for patients with end-stage kidney disease globally. Over the last decade, more than 16,000 to 19,000 kidney transplants have been performed in the United States annually. Whereas transplant nephrologists care for transplant recipients in the early posttransplant period, general nephrologists are expected to care for these patients after 3 months following their transplants. The management of immunosuppressive therapy and complications associated with the transplant process is complex and requires an in-depth knowledge of transplant medications, drug interactions, and both acute and long-term complications, among many other transplant- and nontransplant-related problems. Selection and referral of potential living donors are other processes that are vital to kidney transplantation and require the involvement of general nephrologists.


  Transplant nephrologists as well as general nephrologists and other healthcare professionals who do not routinely take care of transplant patients may herein find a quick reference and guide that encompasses commonly encountered transplant issues to manage transplant recipients for optimal outcome.


  Phuong-Thu T. Pham and Phuong-Chi T. Pham
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      CHAPTER 1

    


    Transplant Immunobiology


    Phuong-Thu T. Pham, Qiuheng J. Zhang, and Michelle J. Hickey

  


  ABO BLOOD GROUP ANTIGENS


     The ABO blood group antigens are expressed on the surface of red blood cells as well as in the kidneys, gastrointestinal, respiratory, and other organ systems. The ABO blood group is the most important tissue barrier to successful kidney transplantation, followed by the major histocompatibility complex (MHC) antigens. Non-MHC molecules, referred to as minor histocompatibility complex antigens, can also mediate rejection. Whereas transplant from an identical twin requires no immunosuppression, 2-haplotype-matched siblings (fraternal twins or non-twin siblings) require immunosuppressive therapy to prevent graft rejection


     ABO-incompatible kidney transplantation results in hyperacute rejection and graft loss.


     A number of variant A antigens are known, with the A1 antigen providing more potent antigenicity than the A2 antigens. Successful transplantation can be performed using A2 kidneys into O recipients and A2 and A2B kidneys into B recipients.1


     Within the last 10 to 15 years, various desensitization protocols have allowed successful ABO-incompatible kidney transplantation.2 Discussion is beyond the scope of this chapter.


  MAJOR HISTOCOMPATIBILITY COMPLEX, HUMAN LEUKOCYTE ANTIGEN MOLECULES


     The MHC genes are located on the short arm of chromosome 6 and represent the most polymorphic genes in human genome. The extensive polymorphism in the MHC, driven mainly by recombination between genes, leads to wide-ranging human genetic variability.3


     Human leukocyte antigens (HLAs) are glycoproteins encoded by the MHC genes. In humans, the MHC molecule was first discovered in leukocytes; therefore, it is also called the human leukocyte antigen.


     In kidney transplantation HLAs are the predominant antigens that form the targets for the immune response.


     Over 17,600 distinct HLA alleles have been defined through DNA sequencing.4 Despite significant diversity at the level of DNA, the majority of polymorphisms that stimulate alloactivation of the recipient’s immune system are located in the α1 and α2 chains of HLA class I, and α1 and β1 chains of class II (Figure 1-1).


  
    

    Figure 1-1  Schematic Structures of Class I and II Human Leukocyte Antigen Molecules
The human leukocyte antigen (HLA) class I antigen is composed of a polymorphic α chain comprising α1, α2, and α3 domains and a nonpolymorphic light chain, β2-microglobulin. Class II antigen is composed of polymorphic α and β chains covalently bound to each other.
  

     Polymorphisms in noncoding regions of the gene, as well as nucleotide differences that are synonymous at the protein level, or mutations in regions of the mature protein that are inaccessible to immune recognition (transmembrane and intracellular regions) are unlikely be recognized by the immune system. Alloantibody of the immunoglobulin G (IgG) subclass is generated by the patient in response to recognition of mismatched donor HLA antigens. Solid phase antibody detection methods (described below) identify antibodies to ~90 HLA class I or II antigens.


     HLA class I (see Figure 1-1)


     The classical HLA class I antigens (HLA-A, HLA-B, and HLA-C) are composed of a polymorphic α or heavy chain of 44 kDa and a nonpolymorphic light chain, β2-microglobulin of 12 kDa.3


     They are encoded by the HLA-A, HLA-B, and HLA-Cw genes.


     They are expressed on all nucleated cells and generally present peptides derived from intracellular proteins (eg, viral proteins) to cytotoxic CD8+ T cells (Figure 1-2).


  
    

    Figure 1-2  Antigen Presentation
The endogenous pathway: Endogenous antigens are digested into peptides and loaded into class I major histocompatibility complex (MHC). The MHC-peptide complex is assembled within the cell’s endoplasmic reticulum, transported through the Golgi apparatus and expressed on the cell surface where it is recognized by CD8+ T-cell receptor (TCR), leading to T-cell activation. Exogenous pathway: Exogenous antigens are degraded within endosomes and loaded into class II MHC. The MHC-peptide complex is ultimately expressed on the cell surface where it is recognized by CD4+ TCR, leading to T-cell activation.
  

     HLA class II (see Figure 1-1)


     The classical class II antigens (HLA-DP, HLA-DQ, and HLA-DR) are composed of polymorphic α and β chains of similar molecular weight (32 kDa), covalently bound to each other. These antigens are encoded by the DPA, DPB, DQA, DQB, DRA, DRB genes.3


     Note: All HLA-DR types have the DRB1 gene, but some contain an additional functional DRB gene, namely, the DRB3, DRB4, or DRB5 genes. These genes code for the HLA-DRB3, HLA-DRB4, and HLA-DRB5 antigens, respectively.5


     HLA class II are constitutively expressed only on professional antigen-presenting cells (APCs) including dendritic cells, macrophages, and B lymphocytes. Their expression may be upregulated on epithelial and vascular endothelial cells after exposure to proinflammatory cytokines.3


     Class II molecules present larger peptides derived from extracellular proteins (eg, bacterial proteins) to CD4+ T cells (see Figure 1-2).


     Each parental chromosome 6 provides a linked set of MHC genes (called a haplotype) to the offspring in mendelian codominance inheritance. Statistically, there is a 25% chance that siblings share the same 2 haplotypes (2-haplotype match), a 50% chance they share 1 same haplotype (1-haplotype match), and a 25% chance they do not share any of their parental haplotypes (0-haplotype match or 2-haplotype mismatch).3 By definition, a child is a 1-haplotype match to each parent unless recombination has occurred (Figure 1-3).


  
    

    Figure 1-3  Inheritance of Haplotypes and Human Leukocyte Antigen Profile in Four Theoretical Siblings
Sibling 1 is a 1-haplotype match to sibling 2, a 2-haplotype match to sibling 3, and a 2-haplotype mismatch to sibling 4.
  

     The degree of HLA mismatch between donor and recipient plays an important role in rejection risk and graft loss.6


     Currently, kidney donors and recipients in the United States are typed for HLA-A, HLA-B, HLA-Cw, HLA-DRB1, HLA-DRB3/4/5, HLA-DQB1, HLA-DQA1, and HLA-DPB1. The United Network for Organ Sharing (UNOS) uses HLA-A, HLA-B, and HLA-DRB1 matching as part of the donor allocation algorithm. In the setting of kidney transplant, fewer HLA mismatches correlates to better graft survival.7


     Terms used for HLA match (or mismatch)


     Kidney from parent (father or mother): 1-haplotype match


     Kidney from siblings: 2-haplotype match, 1-haplotype match, or 2-haplotype mismatch (see Figure 1-3)


     Kidney from deceased donor when considering HLA-A, HLA-B, and HLA-DR


     1 of 6 HLA match (or 5 HLA mismatch)


     2 of 6 HLA match (or 4 HLA mismatch)


     3 of 6 HLA match (or 3 HLA mismatch)


     4 of 6 HLA match (or 2 HLA mismatch)


     5 of 6 HLA match (or 1 HLA mismatch)


     6 of 6 HLA match (or 0 HLA mismatch)


     Example: Consider the HLA phenotype of the following recipient/donor pair:


     Recipient: A 1, 2; B 18, 7; DR 4, 17


     Donor: A 1, 3; B 18, 41; DR 11, 9


     The donor is a 4 HLA-A, HLA-B, HLA-DR antigen mismatch from the recipient.


     One-year graft survival is more related to HLA class II mismatching than to class I mismatching.


  HUMAN LEUKOCYTE ANTIGEN–TYPING TECHNIQUES


  Serotyping


     HLA typing by serologic methods was previously performed using the complement-dependent microlymphocytotoxicity test; however, more accurate and higher resolution molecular typing of DNA (described in the following text) has replaced these methods.8


     The test is performed in a microtiter plate with multiple small wells.


     Each well is loaded with a selected antiserum, and lymphocytes from the individual to be typed are added.


     After an appropriate incubation period, complement is added.


     Binding of specific anti-HLA antibody to its specific HLA target antigen on the cell surface activates the complement cascade, leading to cytotoxic injury. A vital dye is added to permit visualization of the proportion of dead cells in each well when the tray is examined under phase-contrast microscopy.


     The HLA-typing antiserum does not recognize all antigens and is considered low resolution.


  DNA typing


     DNA-based tissue typing uses standardized synthetic probes and primers, or sequencing, to determine an individual’s HLA tissue type.8


     DNA probes hybridize to the complementary DNA nucleotide sequence that is unique to an HLA locus, allele, or groups of alleles. DNA hybridization probe techniques allow identification at the “antigen level” with varying levels of resolution based on the method used (low to intermediate resolution), whereas sequencing provides high-resolution “allele level” HLA typing.


     Molecular-based HLA typing reveals a much greater degree of polymorphism of the individual HLA than that detected by serologic tests.


     Generally, DNA isolated from blood anticoagulated with acid citrate dextrose (ACD) is preferred for DNA-based HLA-typing methods; however, any source of cells can serve as a sample for molecular-based tissue typing including samples isolated from biopsy.


  Human leukocyte antigen nomenclature


     The level of resolution provided by various molecular HLA-typing methods leads to complex HLA nomenclature. Methods that produce low-resolution typing results distinguish an antigen such as “A2,” whereas high-resolution probes make it possible to distinguish alleles of that antigen such as “A*02:01:01:02” (Figure 1-4). Intermediate-resolution HLA-typing results may include a “string” of alleles that cannot be ruled out by the method such as A*02:01/03/09/212.3,4


  
    

    Figure 1-4  Human Leukocyte Antigen Nomenclature
Low-resolution human leukocyte antigen (HLA) typing, performed by serology during the early days of tissue typing, defines the HLA locus (eg, A, B, C, DR) and antigen, shown here as “2.” HLA typing performed by state-of-the-art molecular methods is denoted by an “*”. Intermediate-resolution HLA typing defines the locus, antigen, and a string of alleles that cannot be ruled out by the method “:01/03/09/212,” whereas high-resolution methods define the allele as well as nucleotide substitutions in exons resulting in silent mutations and intronic mutations. Intermediate-resolution HLA typing is generally sufficient for solid organ transplant patients and donors, whereas high-resolution typing is required for bone marrow and peripheral blood stem cell transplant.
  

  MINOR HISTOCOMPATIBILITY ANTIGEN


     Minor histocompatibility antigens are small endogenous peptides that occupy the antigen-binding site of the donor MHC molecules.


     Minor histocompatibility antigens are usually recognized by CD8+ cytotoxic T cells in the context of self-MHC, leading to graft rejection.9


     The nonclassical HLA molecules MICA and MICB (MHC class I-related chain A and MHC class I-related chain B, respectively) are examples of minor antigen expressed on endothelial cells. Antibodies against MICA and/or MICB can cause antibody-mediated rejection.


     Two-haplotype matched siblings (fraternal twins or non-twin siblings) require immunosuppression albeit at reduced dose due to differences in minor histocompatibility antigens.


  NON–HUMAN LEUKOCYTE ANTIGENS


     Non-HLAs are antigens expressed on the graft endothelium and distinct from HLA that are associated with poor graft outcomes.9


     Non-HLAs are classified as alloantigens, such as MICA and MICB noted in the earlier discussion, or as tissue-specific autoantigens such as the angiotensin II type 1 receptor (AT1R), anti–endothelin-1 type A receptor (ETAR), vimentin, cardiac myosin, collagen V, and agrin.


     Clinical tests are available to test for antibodies to MICA and AT1R.


     Identification of additional non-HLAs that may be associated with graft rejection is an area of intense research in the transplant field as graft rejection and loss can occur in the absence of detectible HLA donor-specific antibodies (DSAs).


  ALLORECOGNITION PATHWAYS: DIRECT, INDIRECT, AND SEMIDIRECT ALLORECOGNITION


     In the direct pathway, recipient’s T cells recognize intact allogeneic HLAs expressed by donor cells (Figure 1-5).3,10,11


  
    

    Figure 1-5  Direct, Indirect, and Semidirect Allorecognition Pathways
In the direct allorecognition pathway, the recipient’s T cells recognize intact allogeneic human leukocyte antigens (HLAs) expressed by donor cells. In the indirect pathway, the recipient’s T cells recognize peptides derived from donor HLAs that are presented by recipient antigen-presenting cells (APCs). In the semidirect pathway, intact donor HLA is transferred to recipient APC and presents donor antigen to recipient T cells. MHC, major histocompatibility complex; TCR, T-cell receptor.
  

     In the indirect pathway, T cells recognized peptides derived from donor HLAs presented by recipient APCs (see Figure 1-5).3,10,11


     In the semidirect pathway, intact donor HLAs are presented on the recipient APC (through either membrane exchange or exosome uptake) to the recipient T cells (see Figure 1-5).3,10,11


     Acute rejection of an allograft is primarily dependent on direct allorecognition, whereas the indirect pathway has been suggested to be more important in chronic rejection. The semidirect pathway is hypothesized to also be playing a role in chronic allograft rejection.


  HUMAN LEUKOCYTE ANTIGEN ALLOSENSITIZATION


     More than 30% of patients awaiting a kidney transplant in the United States are sensitized to HLAs. Anti-HLA antibodies are formed after exposure to allogeneic HLAs through pregnancies, blood transfusions, or prior transplantation.12,13


     Alloantibody specificities


     The specificity of HLA antibodies an individual produces upon exposure to allogeneic HLA molecules is influenced by the individual’s immunologic history as well as the individual’s own HLA type.10


     Antibodies can be directed against “private” HLA specificities or “public” HLA specificities.10


     Antibodies to “private” specificities recognize an epitope that is unique to one particular HLA molecule.


     Antibodies to “public” specificities recognize an epitope that is shared by more than one HLA molecules. HLAs that share epitopes can be grouped into the major cross-reactive groups also known as CREGs (eg, a patient’s serum containing HLA-A2 antibodies may react with HLA-A2 as well as HLA-A68, HLA-A69, HLA-B57, and HLA-B58 because these antigens share amino acid sequence motifs with HLA-A2).


  TECHNIQUES FOR DETECTION OF ANTI–HUMAN LEUKOCYTE ANTIGEN ANTIBODIES: GENERAL CONCEPTS


     Preformed HLA antibodies of the IgG isotype may prohibit successful organ transplantation..


     The tests used to identify anti-HLA antibodies are based on assessment of reactions of antibodies present in the patient’s serum with well-characterized panels of donor lymphocytes (cell-based, complement-dependent cytotoxicity [CDC]; see Table 1-1) or HLAs coupled to microspheres (solid-phase screening or single-antigen Luminex bead-based assays). Cell-based assays can detect strong HLA antibody but does not always allow identification of specific antigens to which the patient has antibodies, especially in cases of broad sensitization.14,15


  
    TABLE 1-1  Different Crossmatch Methods


    
      
        
          	
            

          

          	
            Methods

          

          	
            Comments

          
        


        
          	
            Standard complement-dependent cytotoxic crossmatch

          

          	
            1.  Recipient serum mixed with donor lymphocytes (T or B cells)


            2.  Complement and vital dye are added.


            •    If recipient antidonor antibodies bind to the antigens on the donor lymphocytes, added complement will kill donor lymphocytes.


            •    Cells that are killed are evaluated using fluorescent dyes that identify live and dead cells. Results are recorded using a semiquantitative score (eg, negative, weakly positive, strongly positive).

          

          	
            Detect high titer of IgG HLA antibodies that fix complement.


            Sera can be treated with DTT to inactivate IgM.


            A positive T-cell crossmatch is a contraindication to kidney transplantation. Transplant across a positive B-cell crossmatch is generally avoided.

          
        


        
          	
            AHG-augmented CDC crossmatch

          

          	
            1.  Recipient serum mixed with donor lymphocytes


            2.  AHG reagent added


            3.  Complement and vital dye are added.

          

          	
            Adding AHG or prolonging the incubation time increases the sensitivity of the test and enhances the detection of low-titer antibodies.

          
        


        
          	
            Flow cytometry crossmatch (FCXM)

          

          	
            1.  Recipient serum mixed with donor lymphocytes


            2.  Fluorochrome-coated anti-human IgG detection reagent is added followed by aCD3 and aCD19 antibodies to distinguish T and B cells.


            3.  Assess with flow cytometer.

          

          	
            Most sensitive crossmatch test


            Identifies anti-HLA IgG donor-specific antibodies binding to T and B lymphocytes


            Cells can be treated with pronasea to increase the sensitivity or remove Fc receptors or the CD20 molecule to produce more accurate results in some settings.

          
        

      
    


    Abbreviations: AHG, anti-human globulin; CDC, complement-dependent cytotoxicity; DTT, dithiothreitol; HLA, human leukocyte antigen; IgG, immunoglobulin G; IgM, immunoglobulin M.


    aFalse-positive FCXMs are often caused by nonspecific immunoglobulin binding to immunoglobulin Fc receptors on lymphocytes. Patients treated with antibodies such as rituximab (an anti-CD20 antibody) may also have false-positive FCXM results due to the presence of the administered antibody in their serum. Pronase is a nonspecific peptidase that preferentially digests Fc receptors and other cell-surface proteins (including CD20) without substantially destroying HLA molecules under certain conditions.

  


     Solid-phase, bead-based Luminex technology revolutionized the field of HLA antibody identification allowing for superior sensitivity and specificity that is not possible with cell-based assays. Luminex-based antibody detection is used to identify HLA antibodies pretransplant to guide donor selection and risk assessment at the time of transplant and in posttransplant immune monitoring to identify DSA and correlate to biopsy findings when rejection is suspected.


  CELL-BASED CYTOTOXICITY PANEL REACTIVE ANTIBODY ASSAY


     The cross section of donors that a patient displays strong HLA DSA to, and therefore would be avoided, can be understood by incubating the patient’s serum with a panel of lymphocytes that display HLAs representative of the local donor population in the cell-based cytotoxic panel reactive antibody (PRA) test. In the cell-based cytotoxic PRA, the patient’s serum is incubated with a panel of HLA-typed lymphocytes that represent the local donor pool. Unbound HLA antibody is removed, and the cells are incubated with complement and a vital dye. One molecule of complement binds to 2 bound HLA antibodies, and the complement cascade is initiated resulting in perforation of the cell membrane by the membrane attack complex (MAC). Qualitative results are read microscopically.14–16


     In a positive result, the cells take up the vital dye indicating that the HLA DSA was strong enough to bind complement and initiate the complement cascade resulting in cell death.


     PRA, expressed as percentage, is calculated by dividing the number of positive wells (indicated by dead cells) by the total number of wells on the panel.


     Separate panels of cells identify antibodies to HLA class I or II.


     The PRA estimates the percentage of organ donors who would be crossmatch incompatible with a transplant candidate in a given donor pool tested. A PRA of 80% on the HLA class I panel of cells indicates that patient has 20% of chance to receive a negative crossmatch.


  SOLID-PHASE ASSAYS USING LUMINEX TECHNOLOGY


     Solid-phase assays employing Luminex technology use HLA-coated beads to detect and identify preformed HLA antibodies before transplantation as well as to monitor for de novo development of anti-HLA antibodies after transplantation.14,15


     Generally, two platforms are used to identify HLA antibodies.


     Screening beads are engineered to display HLA class I or II antigens in their native composition by affixing the cell membrane harvested from transformed cell lines onto a microsphere. The screening beads therefore display multiple HLAs (Figure 1-6A).


  
    

    Figure 1-6  Solid-Phase Human Leukocyte Antigen Antibody Detection Methods
Generally, two platforms are used to identify human leukocyte antigen (HLA) antibodies. A, Screening beads are coated with HLAs harvested from cell membranes and contain multiple HLAs affixed to the bead. The panel of beads is constructed from an array of cells bearing various HLA phenotypes. B, A panel of single-antigen beads is constructed such that each bead contains one single antigen.
  

     Single-antigen beads differ in that each microsphere is affixed to only one single recombinant HLA molecule (Figure 1-6B).


     To identify HLA antibodies, the patient’s serum is mixed with antigen-coated beads. The beads are then washed, and a fluorescent secondary detection reagent is added. The beads are then washed again, and HLA antibody bound to the bead is identified on a Luminex analyzer (Figure 1-7).


  
    

    Figure 1-7  The Single-Antigen Bead Assay
Patient sera are mixed with single-antigen beads. Preformed antibody in the sera binds the beads and is detected with a fluorescent detection reagent on a Luminex analyzer. The strength of the antibody correlates semiquantitatively to the mean fluorescence intensity (MFI). HLA, human leukocyte antigen.
  

     The results of the assays are semiquantitative as the mean fluorescence intensity (MFI) correlates to the strength of the anti-HLA antibody but is limited to the dynamic range of the test.


     Both platforms have known advantages and disadvantages.


     Screening beads are less sensitive than single-antigen beads and do not identify antibodies to HLA-C or HLA-DP because these antigens are less robustly expressed on the cell surface in comparison to the other antigens.


     Screening beads are also less specific than single-antigen beads and do not permit accurate identification of antibody specificities when the patient is broadly sensitized.


     Single-antigen beads, however, are prone to false-positive reactions due to the expression of cryptic epitopes that may be generated if the recombinant protein misfolds.


     A balanced approach may be to test patient sera using both platforms to accurately establish the patient’s immunologic profile.


     Unacceptable HLAs are defined by the strength of the HLA antibodies present in the patient’s serum as measured by solid-phase assay. Transplant centers set their own MFI threshold to identify unacceptable antigens. Unacceptable antigens are then blocked in UNet to prevent donor offers if the donor displays that antigen. For instance, if a patient has a strong antibody (high MFI) to HLA-B8 and HLA-B8 is listed as an unacceptable antigen, potential donors expressing HLA-B8 will not be offered to that patient due to a predicted positive crossmatch or unacceptable risk (ie, HLA-B8 is an “unacceptable HLA”).


     Entry of HLA class I and II unacceptable antigens in UNet results in a calculated PRA (cPRA).7,17,18


     cPRA is calculated based on HLA frequencies from the actual UNOS donor pool; therefore, it permits a uniform measurement of sensitization for all patients across geographic regions. A cPRA of 70% means that 70% of donors will not be acceptable to the patient.18


     Patients with DSA or anti-HLA antibodies in the serum have been shown to have poorer graft survival compared with those without DSA or anti-HLAs.


  PRETRANSPLANTATION CROSSMATCH


     The crossmatch test is performed prior to kidney transplantation to determine whether a patient has antibody directed against a potential donor, also known as DSA.15


     The potential donor’s lymphocytes serve as the target cells for the patient’s serum.


     The CDC crossmatch test is used to determine the presence of high-titer IgG HLA DSA in patient serum.


     The donor’s T and B cells are incubated with the patient’s sera to allow HLA DSA to bind the cell. Unbound antibody is washed away, and complement and vital dye are added. One molecule of complement binds to 2 bound HLA antibodies, and the complement cascade is initiated resulting in perforation of the cell membrane by the membrane attack complex (MAC). Qualitative/semiquantitative results are read microscopically.


     The presence of preformed cytotoxic HLA class I DSA, identified by a positive T-cell CDC crossmatch, is a contraindication to transplantation. Preformed cytotoxic HLA class II DSA is associated with hyperacute or acute rejection and generally avoided.


     A positive T- or B-cell CDC test in the absence of strong HLA DSA is likely due to the presence of confounding antibodies of the immunoglobulin M (IgM) isotype in the patient’s sera.


     Treatment of the patient’s sera with dithiothreitol (DTT) inactivates IgM by eliminating the disulfide bonds required to give IgM its shape, therefore removing this confounder from the test.


     False-positive B-cell CDC assays are also found in the context of rituximab therapy. Rituximab is a chimeric antibody composed of a murine anti-CD20 variable region and the human IgG1k constant region used in desensitization protocols. DTT treatment of the sera does not remove the binding capability of rituximab in the CDC assay. Therefore, close communication between the clinical program and HLA laboratory is essential for crossmatch interpretation.


     The sensitivity of the CDC assay is increased with the addition of anti-human globulin.


     The flow crossmatch test is more sensitive as compared to the CDC crossmatch for HLA antibody detection.15


     Antibodies directed against HLA class I result in a positive crossmatch with both B and T cells.


     Antibodies directed against class II will only cause a positive crossmatch with B lymphocytes.


     A positive crossmatch against T cells is an indication of anti–class I DSA in the patient, whereas a positive crossmatch with B cells could be caused by either anti–class I or anti–class II DSA.


     Positive B flow crossmatches observed in the absence of DSA can be due to nonspecific antibody binding to Fc receptors on the surface of B cells or to the presence of therapeutic biologicals such as rituximab.


     Pronase treatment of lymphocytes prior to flow crossmatch enzymatically cleaves off Fc receptors and the similarly shaped CD20 molecule while leaving the HLA molecules intact, therefore increasing the sensitivity of the B flow crossmatch and removing confounding factors.


     The different crossmatch methods are summarized in Table 1-1.


  VIRTUAL CROSSMATCH


     The national kidney allocation system (KAS) allocates donor organs to patients outside of the donor’s local area according to policy. In the new KAS, patients who are very highly sensitized with a cPRA of 99% or 100% are eligible for the regional and national share of donor offers (see also chapter 6).7


     Acceptance or decline of the regional or national offer is made, in part, on the interpretation of a virtual crossmatch.19


     A virtual crossmatch is a prediction of physical crossmatch result based on the presence or absence of DSA in a patient by comparing the patient’s HLA antibody specificity profile to the HLA type of the proposed donor. A virtual crossmatch requires


     Complete molecular HLA typing of the donor (HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-DRB3/4/5, HLA-DQB1, HLA-DQA1, and HLA-DPB1).


     Complete molecular HLA typing of the recipient.


     The recipient’s history of solid-phase anti-HLA antibody data.


     Physical crossmatch results are accurately predicted based on the MFI values of DSA. Due to interlaboratory variation, each laboratory must establish the MFI values that correlate with positive crossmatch at their centers.


     At the time of a virtual crossmatch, a risk assessment can also be performed. The patient’s history of sensitizing events (pregnancy, transfusion, or prior transplant) is essential to provide an accurate risk assessment.


  IMMUNOLOGIC EVALUATION OF THE TRANSPLANT CANDIDATES


     Evaluation of a transplant candidate is according to center practice but generally will include molecular HLA typing of the patient and detection of HLA antibodies by solid-phase and/or cell-based methods.


     The patient’s ABO and HLA typing and unacceptable antigens are entered into the UNOS’s national KAS, with additional transplant candidate’s related information.


     Points for allocation are awarded based on wait time; degree of sensitization; pediatric or prior living donor status; and patient/donor HLA-A, HLA-B, and HLA-DR mismatch at the time of allocation.7 (see also chapter 6)


     The frequency of solid-phase antibody testing and subsequent update of unacceptable antigens is according to transplant center practice. Testing frequency may differ based on the sensitization or risk category of the patient.


     The average wait time until a patient begins frequently receiving donor offers differs by UNOS region.


     When a donor becomes available, the donor’s blood is sent to an immunogenetics laboratory for HLA typing. The donor’s HLA typing is entered into UNOS DonorNet, and a match run is performed.


     A very highly sensitized patient in another UNOS region may receive the “import” organ offer for transplant. The term import refers to organ offers that are made to patients that are outside of the donor’s local area.


     A virtual crossmatch and risk assessment are performed.19 If the patient does not display any DSA to the donor in the most recent sera, the physical crossmatch is predicted to be negative with that sera. If the patient was more broadly sensitized to HLAs in the past and therefore has a history of DSA, there is a risk of anamnestic response after transplant. The history of sensitizing events, donor quality, and clinical status of the patient are taken into account. The patient’s clinical providers will accept or decline the donor based on the collected evidence.


     If the donor is accepted, the organ is imported/shipped to the patient’s transplant center and the patient is prepared for transplant. A pretransplant physical crossmatch is performed.


     After the transplant, the patient is removed from UNet.


     Suggested algorithm for pretransplant immune monitoring is shown in Figure 1-8.


  
    

    Figure 1-8  Suggested Algorithm for Pretransplant Immune Monitoring
HLA, human leukocyte antigen; MFI, mean fluorescent intensity. aObtain blood sample from patient according to center protocol if not yet transplanted.
  

     The patient is followed after transplant with solid-phase antibody detection methods to identify and longitudinally track the presence and strength of DSA that were either present prior to transplant or develop de novo (see chapter 3, “Posttransplant immune monitoring/surveillance” section).
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      CHAPTER 2

    


    Immunosuppression


    Phuong-Thu T. Pham, Phuong-Chi T. Pham, Shaker Qaqish, and Theodore M. Sievers

  


  This chapter discusses the mechanism of actions of various immunosuppressive agents, basic principles of an immunosuppressive protocol, side effect profiles of immunosuppressants, drug-drug interactions, and nursing and dietary considerations. Treatment of acute and chronic rejection is discussed in chapter 3.


  THE THREE-SIGNAL MODEL OF ALLOIMMUNE RESPONSES


  The first step in the alloimmune response involves the recognition of transplant antigens (alloantigens) by recipient T cells. The different allorecognition pathways are discussed in chapter 1.


     T-cell activation requires three signals (Figure 2-1).


  
    

    Figure 2-1  The Three-Signal Model of an Alloimmune Response and Targets of Different Immunosuppressive Agents
Signal 1: binding of alloantigen (red oval) on the surface of the antigen-presenting (APC) to T-cell receptor (TCR)–CD3 complex on T cell. Signal 2: binding of B7 on the surface of APC to CD28 on T cell. These dual signals (ie, signals 1 and 2) activate the intracellular pathways that trigger T cells to activate interleukin-2 (IL-2) and other growth-promoting cytokines. Signal 3: binding of IL-2 to its receptor leads to activation of mammalian target of rapamycin (mTOR) inhibitor, which leads to T-cell proliferation. CTLA-4, cytotoxic T-lymphocyte antigen-4; CTLA-4Ig, CTLA-4 fused with the Fc domain of immunoglobulin G1; IL-2R, interleukin-2 receptor; MHC, major histocompatibility complex. aCalcineurin is a phosphatase that dephosphorylates and facilitates the translocation of nuclear factor of activated T cells (NFAT) (and other nuclear factors) to the nucleus. Inhibition of calcineurin impairs the expression of IL-2 (and other growth-promoting cytokines) thereby reducing the proliferation of T cells.
  

     Signal 1 is initiated by the binding of the alloantigen on the surface of antigen-presenting cell (APC) to the T-cell receptor (TCR)–CD3 complex.


     Signal 2 is a non–antigen-specific costimulatory signal provided by the engagement of B7 on the surface of APC with CD28 on T cell. These dual signals (ie, signals 1 and 2) activate the intracellular pathways that trigger T cells to activate interleukin-2 (IL-2) and other growth-promoting cytokines. If a TCR is triggered without the accompanying costimulatory signal 2, then the T cell is driven into an anergic state in which it is both inactivated and refractory to later activation even in the presence of all necessary activation elements.


     Signal 3, engagement of IL-2 to its receptor activates the mammalian target of rapamycin (mTOR) pathway to provide signal 3, which leads to cell proliferation.


     Lymphocyte proliferation requires the synthesis of purine and pyrimidine nucleotides. Both T and B lymphocytes do not possess the salvage pathway of nucleotide synthesis. As such, these nucleotides must be synthesized de novo.


     T cells also express cytotoxic T-lymphocyte antigen-4 (CTLA-4), a cell surface molecule that is homologous to CD28. The binding of B7 to CTLA-4 produces an inhibitory signal that inhibits T-cell proliferation and terminates the immune response. These observations have led to the concept of induction of graft adaptation with agents that target the costimulatory pathways.


  TARGETS OF VARIOUS IMMUNOSUPPRESSIVE AGENTS


  The targets of various immunosuppressive agents are shown in Figure 2-1.


     Agents targeting both signals 1 and 2


     Cyclosporine and tacrolimus are termed calcineurin inhibitors (CNIs) due to their common mechanism of action.


     Calcineurin is a phosphatase that dephosphorylates and facilitates the translocation of the nuclear factor of activated T cells (NFAT) (and other nuclear factors) to the nucleus. Once translocated into the nucleus, NFAT promotes the translation of specific genes, including that of the growth promoting cytokine IL-2. Inhibition of calcineurin impairs the expression of IL-2 (and other growth-promoting cytokines), thereby reducing the proliferation of T cells.


     Agents targeting signal 2


     Belatacept (Nulojix) is a humanized fusion protein, composed of CTLA-4 fused with the Fc domain of human immunoglobulin G1 (CTLA-4Ig). Belatacept binds to B7 with high affinity and inhibits the costimulatory pathway.1


     Agents targeting signal 3


     Basiliximab is a humanized monoclonal antibody that targets against the α chain of the IL-2 receptor (also known as anti–interleukin-2 receptor [anti–IL-2R] or anti-CD25 antibody), blocking IL-2–mediated responses.


     Daclizumab (no longer commercially available in the United States)


     mTOR inhibitors: sirolimus and everolimus


     The mTOR is a key regulatory kinase in the cell division process. Its inhibition reduces cytokine-dependent cellular proliferation at the G1 to S phase of the cell division cycle.


     Lymphocyte-depleting agents


     Thymoglobulin is a polyclonal antibody preparation made by immunization of rabbits with human lymphoid tissue. The purified immunosuppressive product contains cytotoxic antibodies directed against a variety of T-cell markers.


     Thymoglobulin causes lymphocyte depletion through various mechanisms, including (1) complement-mediated lysis of lymphocytes, (2) lymphocyte uptake by the reticuloendothelial system, and (3) masking lymphocyte cell surface receptors. Thymoglobulin use can result in prolonged lymphopenia, and the CD4+ helper T-lymphocyte subsets may be suppressed for several years. Such prolonged immunosuppressive effect may prevent rejection recurrence.


     Thymoglobulin can also cause rapid expansion of the subset of T cells that express CD4+CD25+ and FOXP3+ also known as regulatory T cells (Tregs). Tregs are different from helper T cells in that their presence may limit antigraft immunity. High levels of Tregs increase the chance of reversal of acute rejection.2


     Alemtuzumab is a humanized monoclonal antibody targeting against CD52 on the surface of both B and T lymphocytes leading to a rapid and profound depletion of peripheral and central lymphoid cells.


     Antimetabolites


     Mycophenolic acid (MPA) derivatives (mycophenolate mofetil [MMF], mycophenolate sodium)


     MMF (CellCept) is a prodrug that must be hydrolyzed to the active agent—MPA— in the gastric acidic milieu. MPA is a reversible inhibitor of the enzyme inosine monophosphate dehydrogenase (a rate-limiting enzyme in the de novo synthesis of purines). Depletion of guanosine nucleotides by MPA has a relatively selective antiproliferative effect on lymphocytes due to their reliance on the de novo pathway of nucleotide synthesis.


     Mycophenolate sodium (Myfortic) is an enteric-coated formulation of MPA that dissolves at pH >5.5. Therefore, unlike MMF, mycophenolate sodium bypasses the acidic milieu of the stomach and is absorbed in the intestines.


     The use of antacids or proton pump inhibitors (PPIs) can reduce the dissolution of MMF by increasing gastric pH. In contrast, the bioavailability of mycophenolate sodium is not affected by antacids or PPIs.


     Azathioprine (AZA)


     AZA is a precursor of 6-mercaptopurine.


     AZA inhibits DNA replication and subsequent T-cell proliferation.


     MMF/mycophenolate sodium has largely replaced AZA due to its greater efficacy in reducing acute rejection.


     Corticosteroid


     Key component of all immunosuppressive regimens


     Modulates inflammatory mediators


     Blocks interleukin-1 (IL-1) and IL-2 production, thereby suppressing the early phase of the immune response


  BASIC PRINCIPLES OF AN IMMUNOSUPPRESSIVE PROTOCOL


  A standard immunosuppressive protocol consists of induction and maintenance immunosuppression (discussed in the following text). All kidney transplant recipients also receive prophylactic therapy with an antibiotic, antiviral and antifungal agent, and a nondihydropyridine calcium channel blocker to boost CNI or mTOR inhibitor levels (Table 2-1). The use of diltiazem or verapamil may permit CNI dose reductions of up to 40% and 30% to 50%, respectively.3


  
    TABLE 2-1  Components of a Standard Immunosuppressive Protocol (Immunosuppressive and Nonimmunosuppressive Agents)


    
      
        
          	
            Immunosuppressive agents

          

          	
            Optionsa

          
        


        
          	
            Induction therapy

          

          	
            Lymphocyte-depleting or non–lymphocyte- depleting agent

          
        


        
          	
            Standard triple-maintenance immunosuppression


            1.  Calcineurin inhibitor


            2.  Adjunctive agent


            3.  Corticosteroids

          

          	
            1.  Cyclosporine or tacrolimus


            2.  Mycophenolic acid derivatives, sirolimus (or everolimus), or azathioprine


            3.  Maintenance dose: prednisone 5 mg daily

          
        


        
          	
            Non-immunosuppressive agents

          

          	
            Options

          
        


        
          	
            Supplementary agents

          

          	
            Nondihydropyridine calcium channel blockers

          
        


        
          	
            Infection prophylaxisb

          

          	
            PJP (trimethoprim and sulfamethoxazole, dapsone, atovaquone), CMV (acyclovir, valganciclovir), antifungals (nystatin, fluconazole)

          
        

      
    


    Abbreviations: PJP, Pneumocystis jirovecii pneumonia (previously known as PCP or Pneumocystis carinii pneumonia); CMV, cytomegalovirus


    aSee text for suggestions on selection of a particular immunosuppressive agent over the other.


    bSee chapter 13.

  


     Induction therapy is used to rapidly create a therapeutic net state of immunosuppression in the first few days or week after transplantation in order to prevent rejection.


     Induction therapy can be classified into lymphocyte-depleting and non–lymphocyte-depleting agents. The choice of one induction agent over the other is generally based on each individual immunologic risk factors or anticipated delayed graft function (DGF) or both (Table 2-2).


  
    TABLE 2-2  Induction Therapy: Lymphocyte-Depleting Versus Non–Lymphocyte-Depleting Agents


    
      
        
          	
            Lymphocyte-depleting agentsa

          

          	
            Non–lymphocyte-depleting agents

          

          	
            Comments

          
        


        
          	
            Thymoglobulin

          

          	
            Basiliximab

          

          	
            Thymoglobulin vs basiliximab induction


            •    Thymoglobulin: commonly used in high immunologic risk patients (eg, highly sensitized or re-allograft transplant recipient, DSA positive) or anticipated delayed graft function to avoid early exposure to cyclosporine or tacrolimus (nephrotoxic)


            •    Basiliximab: commonly used in low to moderate immunologic risk transplant recipients

          
        


        
          	
            Alemtuzumab

          

          	
            Daclizumabb

          

          	
            Alemtuzumab is used at a small number of transplant centers in the United States.

          
        

      
    


    Abbreviation: DSA, donor-specific antibody.


    aLymphocyte-depleting agents can cause first-dose reaction or cytokine release syndrome including chills, fever, arthralgia, and rarely serum sickness.


    bNo longer commercially available in the United States.

  


     In the presence of anticipated DGF due to donor acute tubular necrosis (ATN), it is important to maintain adequate immunosuppression. It has been suggested that endothelial injury upregulates and exposes donor histocompatibility antigens, adhesion molecules, and costimulatory molecules, heightening the risk for acute rejection. Induction therapy with lymphocyte-depleting agent and delayed introduction of CNI may avoid the additive injury associated with CNI nephrotoxicity (due to afferent arteriolar vasoconstriction) while reducing the risk of allograft rejection at the time of heightened immunogenicity.


     Maintenance immunosuppression is used to sustain a therapeutic net state of immunosuppression in order to prevent rejection.


     A standard maintenance immunosuppressive regimen consists of triple drug therapy: CNI (cyclosporine or tacrolimus) + adjunctive agent + corticosteroid.


     CNI: The choice of tacrolimus over Cyclosporine A (CSA) or vice versa is generally based on the potential adverse effects of these agents (Table 2-3). See examples in the following text:


     Tacrolimus is the preferred agent for women and pediatric patients due to the cosmetic side effects of CSA such as hirsutism or hypertrichosis and gingival hyperplasia.


     Cyclosporine is less diabetogenic than tacrolimus,4 and it may be the preferred agent for patients at risk for posttransplantation diabetes mellitus (PTDM) such as those with a strong family history of diabetes or African American race, particularly those with concomitant hepatitis C infection. Risks factors for PTDM are discussed in chapter 14.


     CNI switch can be considered due to undesirable side effects. For instance, tacrolimus-treated patients with tremors or hair loss can be switched over to CSA. The starting dose at the time of switching is based on patient’s weight. The evening dose of tacrolimus can be omitted and CSA started the next morning. Concurrent administration of both drugs is not necessary and may increase the risk of nephrotoxicity. Patient’s drug levels should be monitored closely after switching. Patients undergoing CSA to tacrolimus switch can follow similar protocol.


     Over the past decade, there has been a steady trend in the United States and Europe toward greater use of tacrolimus (Prograf). Envarsus XR and Astagraf XL are extended-release formulations of tacrolimus.5 Prograf to Envarsus conversion ratio: approximately 1 to 0.75 to 0.80. Phase 3 clinical trial suggested that once-daily extended-release tacrolimus in de novo kidney transplantation has comparable efficacy and safety profile to that of immediate-release tacrolimus twice daily.6


  
    TABLE 2-3  Side Effect Profiles of Cyclosporine and Tacrolimus


    
      
        
          	
            Cyclosporine (CSA)

          

          	
            Tacrolimus (Tac)

          

          	
            Comments

          
        


        
          	
            Nephrotoxicity

          

          	
            Nephrotoxicity

          

          	
            CSA > Tac

          
        


        
          	
            Hypertension and sodium retention

          

          	
            Hypertension and sodium retention

          

          	
            CSA > Tac

          
        


        
          	
            Hyperlipidemia

          

          	
            Hyperlipidemia

          

          	
            CSA > Tac

          
        


        
          	
            Diabetes mellitus

          

          	
            Diabetes mellitus

          

          	
            Tac > CSA

          
        


        
          	
            Neurotoxicity (headache, tremors, confusion, paresthesia)

          

          	
            Neurotoxicity (headache, tremors, confusion, paresthesia, insomnia)

          

          	
            Tac > CSA

          
        


        
          	
            Thrombotic microangiopathy

          

          	
            Thrombotic microangiopathy

          

          	
            

          
        


        
          	
            Gastrointestinal side effects (hepatotoxicity approximately 4% first month, dose related)

          

          	
            Gastrointestinal side effects (diarrhea, abdominal pain, nausea, vomiting, decreased appetite)

          

          	
            

          
        


        
          	
            Hyperkalemia

          

          	
            Hyperkalemia

          

          	
            

          
        


        
          	
            Hypomagnesemia

          

          	
            Hypomagnesemia

          

          	
            

          
        


        
          	
            Hyperchloremic acidosis

          

          	
            Hyperchloremic acidosis

          

          	
            

          
        


        
          	
            Hyperuricemia, gout

          

          	
            Hyperuricemia, gout

          

          	
            CSA > Tac

          
        


        
          	
            Others


            Hirsutism


            Gingival hyperplasia

          

          	
            Others


            Pancreatitis


            Alopecia

          

          	
        

      
    

  


     Adjunctive agent: The MPA derivative MMF (or the enteric-coated mycophenolic sodium salt formulation) is the most commonly used adjunctive agent. The side effect profile of these agents is shown in Table 2-4. AZA, sirolimus, or everolimus is generally used in place of MPA derivatives for special indications.


     AZA


     Safe in pregnancy (recommended dose 1 mg/kg). Unlike AZA, MPA derivatives must be discontinued in anticipation of pregnancy.


     Sirolimus or everolimus (mTOR inhibitors)


     Must be discontinued in anticipation of pregnancy. The complete side effect profile of mTOR inhibitors is shown in Table 2-5.7,8


     Potential beneficial effect in patients with history of malignancy, particularly skin cancer, renal cell carcinoma, or Kaposi sarcoma.9-11 Its use in posttransplant lymphoproliferative disorder (PTLD) has inconsistently been shown to be beneficial (see chapter 15).


     Not recommended in the early postoperative period (may impair wound healing and delay recovery of ATN)


     CNI to mTOR inhibitor switch should only be done after graft function is stable.


     CNI to mTOR inhibitor switch


     CNI to sirolimus: Concurrent administration is required due to the long half-life of sirolimus. Reduce CNI dose by 50% and initiate sirolimus at 2 mg/d. Loading doses may be used. Monitor dosing via therapeutic drug monitoring (TDM) with dosing adjustments made at 7- to 14-day intervals. CNI dosing can be discontinued when sirolimus troughs are >60% of goal.


     CNI to everolimus: concurrent administration not required due to shorter half-life of everolimus. The evening dose of CNI can be omitted and everolimus can be started the next morning. Typical starting dose is 0.75 mg twice daily.


     If major surgery is planned, consider mTOR inhibitor to CNI switch 1 to 2 weeks prior to surgery. For emergent surgery, mTOR inhibitors can be discontinued in the immediate postoperative period and be replaced with CNI.


  
    TABLE 2-4  Side Effect Profiles of Mycophenolate Mofetil and Mycophenolate Sodium


    
      
        
          	
            Mycophenolate mofetil (MMF) CellCept

          

          	
            Mycophenolate sodium (enteric-coated MPA derivative formulation) Myfortic

          
        


        
          	
            Diarrhea, nausea, vomiting, abdominal pain, flatulence, dyspepsia

          

          	
            Potentially less gastrointestinal toxicity compared with CellCept

          
        


        
          	
            Hematologic effects: leukopenia, leukocytosis (less commonly seen than leukopenia), anemia, thrombocytopenia,

          

          	
            Hematologic effects: leukopenia, leukocytosis (less commonly seen than leukopenia), anemia, thrombocytopenia

          
        


        
          	
            Comments: More than 2 g/d is usually not well tolerated.

          

          	
            Comments: Myfortic 180 mg = CellCept 250 mg (similar efficacy)

          
        

      
    


    Abbreviation: MPA, mycophenolic acid.

  


  
    TABLE 2-5  Side Effect Profiles of Mammalian Target of Rapamycin Inhibitors (Sirolimus and Everolimus)


    
      
        
          	
            Potential side effects

          

          	
            Comments

          
        


        
          	
            Delayed recovery of acute tubular necrosis


            Impaired wound healing


            Increased risk of lymphocele formation


            May potentiate calcineurin inhibitor (CNI) nephrotoxicity


            Oral ulcers


            Diabetogenic


            Proteinuria


            Dyslipidemia (↑ cholesterol, ↑↑ triglyceride)


            Peripheral edema


            Pulmonary toxicity


            Thrombotic microangiopathy


            Others: acne, rash, anemia, thrombocytopenia, ↓ testosterone

          

          	
            Not recommended in the early postoperative period


            Not recommended in patients with preexisting proteinuria ≥500 mg/d (Practice may differ among centers.)


            CNI target level should be lowered when used in combination with mammalian target of rapamycin (mTOR) inhibitors.

          
        

      
    


    ↑, increased; ↑↑, significantly increased; ↓, decreased.

  


     Suggested immunosuppressant drug levels in stable kidney transplant patients are shown in Table 2-6.


     Two-hour cyclosporine peak level must be drawn within 15 minutes of 2 hours post drug (also known as C2 level).


     Trough levels may be drawn in case of technical or institutional problems with timed blood draws. However, C2 level has been suggested to correlate better with drug exposure and clinical events than trough level.


     Lower or subtherapeutic tacrolimus trough levels have been shown to be associated with increased rejection risk and de novo donor-specific antibody (DSA) development in the first 6 to 12 months after transplantation.12,13 In a cohort study of 530 kidney and kidney-pancreas transplant recipients who were maintained on triple immunosuppression, a mean tacrolimus trough level of <8 ng/mL and <6 ng/mL in the first 6 months after transplantation was found to be associated with an approximately 2-fold and 3-fold increased risk of de novo DSA (vs ≥8 ng/mL and ≥6 ng/mL, respectively). In addition, there was a graded increase risk with lower mean tacrolimus levels (91.5% of patients were on tacrolimus, mycophenolate, and steroids; 7.1% were on tacrolimus, mTOR inhibitor, and steroids).12


  
    TABLE 2-6  Suggested Therapeutic Drug Levels


    
      
        
          	
            Time after transplant

          

          	
            Levels

          

          	
            Comments

          
        


        
          	
            Cyclosporine trough levels measured by Syva EMIT assaya

          
        


        
          	
            1-4 wk

          

          	
            200-300 ng/mL

          

          	
            Use higher therapeutic range for high immunologic risk patientsb and/or those with history of rejection (particularly those with recent episodes of rejection).

          
        


        
          	
            1-3 mo

          

          	
            150-250 ng/mL

          
        


        
          	
            3-6 mo

          

          	
            125-175 ng/mL

          
        


        
          	
            6 mo and thereafter

          

          	
            100-175 ng/mL

          
        


        
          	
            Cyclosporine peak (C2) levels measured by Syva EMIT assaya

          
        


        
          	
            1-4 wk

          

          	
            1,150-1,550 ng/mL

          

          	
            Use higher therapeutic range for high immunologic risk patientsb and/or those with history of rejection

          
        


        
          	
            5-8 wk

          

          	
            800-1,200 ng/mL

          
        


        
          	
            9-12 wk

          

          	
            750-900 ng/mL

          
        


        
          	
            4-12 mo

          

          	
            >650 ng/mL

          
        


        
          	
            Tacrolimus trough levels time after transplant

          
        


        
          	
            First 12 wk

          

          	
            8-12 ng/mL

          

          	
            Use higher therapeutic range for high immunologic risk patientsb and/or those with history of rejection.

          
        


        
          	
            After 12 wk

          

          	
            6-12 ng/mL

          
        


        
          	
            Sirolimus/everolimus trough levels (when used in combination with tacrolimus

          
        


        
          	
            3-6 mo

          

          	
            5-8 ng/mL

          

          	
            Sirolimus/everolimus use is not recommended in the early posttransplant period due to impaired wound healing and other side effects (see Table 2-5).

          
        


        
          	
            After 6 mo

          

          	
            Approximately 4-7 ng/mL

          
        


        
          	
            Sirolimus/everolimus trough levels (when used in combination with cyclosporine)

          
        


        
          	
            3-6 mo

          

          	
            5-8 ng/mL

          

          	
            

          
        


        
          	
            After 6 mo

          

          	
            Approximately 4-7 ng/mL

          

          	
            

          
        

      
    


    aCyclosporine measured by the Syva enzyme multiplied immunoassay technique (EMIT) assay produces results that are 17% higher than high-performance liquid chromatography (HPLC), the reference method.


    bHigh immunologic risk is defined as elevated panel reactive antibodies (PRA) and/or positive donor-specific antibodies

  


     Steroid-free or CNI-free maintenance immunosuppression protocol


     Consultation with transplant center is recommended.


     Must be individualized based on immunologic risk


     Steroid withdrawal (CNI + MPA derivatives dual therapy)


     Safe in low immunologic risk patients at short-term follow-up (Long-term graft function and the risk of chronic rejection have not been thoroughly evaluated.)


     The 2016 updated Cochrane review suggests that steroid avoidance and withdrawal after kidney transplantation significantly increase the risk of acute rejection. There is no difference in patient mortality or graft loss up to 5 years after transplantation.14 However, long-term consequences of steroid avoidance and withdrawal remain unclear due to the lack of prospective long-term studies.


     Belatacept in CNI-free protocol15-17 (Clinicians must be familiar with its use.)


     May be considered in low-immunologic risk patients with biopsy-documented CNI toxicity or CNI-induced thrombotic microangiopathy and absence of acute rejection


     Potential replacement for CNI in CNI-based immunosuppressive protocols


     Typically used in combination with basiliximab induction, MPA derivatives, and corticosteroid: belatacept + MPA derivatives + corticosteroid


     U.S. Food and Drug Administration (FDA) black box warning: Belatacept is contraindicated in Epstein-Barr virus (EBV)-naive kidney transplant recipients due to increased risk of PTLD predominantly involving the central nervous system.


     Adverse effects: anemia, diarrhea, urinary tract infection, peripheral edema, constipation, hypertension, pyrexia, graft dysfunction, cough, nausea, vomiting, headache, hypo- and hyperkalemia, leukopenia, progressive multifocal leukoencephalopathy (PML)


     Dosing guidelines


     De novo belatacept use: 10 mg/kg IV on days 1 and 5 and weeks 2 and 4 (rounded to the nearest 12.5 mg). After the fourth dose, a high- or low-dose protocol can be used at the discretion of the clinician. In the high-dose protocol, belatacept is given at 10 mg/kg every 2 weeks until month 3, followed by 10 mg/kg monthly between month 4 and 6 and then 5 mg/kg monthly thereafter. In the low-dose protocol, belatacept is given at 10 mg/kg monthly for months 2 and 3 and then 5 mg/kg monthly thereafter. Note: Only the low-dose regimen was approved by the FDA.


     CNI to belatacept switch: For patients undergoing CNI to belatacept conversion therapy, belatacept is introduced at 5 mg/kg IV every 2 weeks × 5 doses and then monthly thereafter. CNI can be tapered to off over a 1-month period as follows: CNI should be at target level at the time of belatacept initiation. By the second belatacept infusion (ie, week 2), CNI should be at 40% to 60% of target CNI level. By week 3 after belatacept initiation, CNI should be at 30% of the target CNI level. By the third infusion (ie, 1 month after belatacept initiation), CNI can be discontinued.


  SIDE EFFECT PROFILES, DRUG-DRUG INTERACTIONS, NURSING AND DIETARY CONSIDERATIONS


     Side effect profiles


     The side effect profiles of CNIs (cyclosporine and tacrolimus), MPA derivatives (MMF and mycophenolate sodium), and mTOR inhibitors (sirolimus and everolimus) are shown in Tables 2-3 to 2-5.7,8


     AZA: bone marrow suppression, gastrointestinal (GI) upset, skin rashes, hepatotoxicity


     Drug-drug interactions


     Important drug-drug and drug-food interactions are shown in Table 2-7.


  
    TABLE 2-7 Drug-Drug and Drug-Food Interactionsa


    
      
        
          	
            Drugs that increase CNI level by inhibition of CYP3A or by competition for its pathways

          
        


        
          	
            Calcium channel blockers: diltiazem, verapamil > nicardipine

          

          	
            •    Changing the dose of these drugs is equivalent to changing CNI dosage.


            •    Brand vs generic names and immediate vs delayed-release formulations of diltiazem may have different effects on CNI levels.


            •    Nifedipine, amlodipine, isradipine, and felodipine have minimal effects on CNI drug levels.

          
        


        
          	
            The “azole” antifungals: fluconazole, ketoconazole, itraconazole, voriconazole, posaconazole, isavuconazole

          

          	
            •    The “azole” antifungals markedly increase CNI levels. Great care must be taken when starting and stopping these drugs.


            •    The absorption of ketoconazole and itraconazole requires acidic gastric contents. The use of proton pump inhibitors/H2 blockers may reduce CNI-absorption, hence blood levels.

          
        


        
          	
            Antibiotics: erythromycin > other macrolide antibiotics (clarithromycin, josamycin, ponsinomycin)

          

          	
            •    Azithromycin (conflicting reports): A short course can generally be given without the need for CNI-level monitoring.

          
        


        
          	
            Antiretroviral agents: essentially all currently available protease inhibitors (eg, ritonavir, ritonavir/lopinavir combination therapy aka Kaletra, darunavir, indinavir/ritonavir, saquinavir, atazanavir, amprenavir)

          

          	
            •    Immunosuppressive management in HIV patients requires close collaboration with infectious disease specialist due to multiple drug-drug interactions.

          
        


        
          	
            Hepatitis C protease inhibitors: telaprevir/boceprevir (no longer available in the United States)

          

          	
            

          
        


        
          	
            Others (less well established): amiodarone, carvedilol, allopurinol, bromocriptine, chloroquine

          

          	
            

          
        


        
          	
            Drugs that decrease CNI level by induction of CYP3A activity

          
        


        
          	
            Antituberculous drugs: rifampin > rifabutin

          

          	
            •    Rifampin markedly reduces CNI levels, and its use should be avoided if possible.


            •    Pyrazinamide and ethambutol may reduce drug levels. Their use requires drug monitoring.


            •    Isoniazid (INH) can be used with careful drug level monitoring.

          
        


        
          	
            Anticonvulsants: barbiturates > phenytoin > carbamazepine

          

          	
            •    Oxcarbazepine (Trileptal) may decrease cyclosporine level.


            •    Gabapentin (Neurontin) and levetiracetam (Keppra) and other drugs in this category do not appear to have significant drug interactions.

          
        


        
          	
            Corticosteroids

          

          	
            •    Discontinuation of steroid therapy may result in an increase in tacrolimus level by up to 25%.

          
        


        
          	
            Antidepressant herbal preparation: Hypericum perforatum (St. John’s wort)

          

          	
            

          
        


        
          	
            Others (less well established/case reports): nafcillin, IV trimethoprim, IV sulfadimidine, imipenem, cephalosporins, terbinafine, ciprofloxacin

          

          	
            

          
        


        
          	
            Drugs or food that increase the absorption of CNIs

          
        


        
          	
            Grapefruit, pomegranate, star fruit (also inhibits CYP3A)


            Metoclopramide

          

          	
            •    The effect of grapefruit juice may vary widely among brands and is concentration, dose, and preparation dependent.

          
        


        
          	
            Drugs or food that decrease the absorption of CNIs

          
        


        
          	
            GoLYTELY, sevelamer, olestra, cholestyramine

          

          	
            

          
        


        
          	
            Nephrotoxic drugs or drugs that may potentiate CNI toxicity

          
        


        
          	
            mTOR inhibitors, NSAIDs, tenofovir, amphotericin, aminoglycosides, ACE inhibitors, ARBs

          

          	
            •    CNI target levels should be lowered when used in combination therapy with mTOR inhibitors (see Table 2-6).


            •    Amphotericin and aminoglycoside-associated nephrotoxicity may occur earlier than anticipated when used with CNI therapy.

          
        


        
          	
            Commonly used herbals that may have an immune-stimulating effects

          
        


        
          	
            Ginseng, licorice, alfalfa sprouts, astragalus

          

          	
            

          
        


        
          	
            Cholesterol-lowering agents

          
        


        
          	
            Cyclosporine has an inhibitory effect on CYP3A and P-glycoprotein. The concomitant use of cyclosporine and statins can result in a several-fold increase in statin blood level and an increased risk for myopathy and rhabdomyolysis and acute kidney injury.

          

          	
            •    All statins should be started at low doses. Any increase in dose requires close monitoring. Maximal doses should be avoided.


            •    Rhabdomyolysis associated with tacrolimus and stain use is generally seen in patients on concomitant diltiazem therapy.


            •    Concomitant lovastatin (or simvastatin) and gemfibrozil therapy increases the risk of rhabdomyolysis and should be avoided.

          
        

      
    


    Sirolimus and everolimus (mTOR inhibitors) interact with calcium channel blockers, antifungal agents, anticonvulsants, proteinase inhibitors, antituberculous agents, St. John’s wort, and grapefruit juice in a manner similar to the CNIs.


    Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor inhibitors; CNI, calcineurin inhibitors; mTOR, mammalian target of rapamycin; NSAIDs, nonsteroidal anti-inflammatory drugs.


    aThis table provides only a general guideline. Clinicians should see drug packet inserts for full drug-drug interaction.

  


     AZA


     Avoid concurrent use of xanthine oxidase (XO) inhibitors because XO inhibitors inhibit the metabolism of AZA.


     Commonly used XO inhibitors that should be avoided with the use of AZA: allopurinol, febuxostat


     Additive bone marrow suppression when used with ganciclovir


     MPA derivatives


     Antacids/cholestyramine decrease absorption.


     Acyclovir decreases excretion.


     CSA prevents enterohepatic recycling of MPA, which decreases the area under the concentration-time curve (AUC) of MPA.


     Nursing and dietary considerations


     Cyclosporine and tacrolimus


     Can be used during pregnancy, but mothers should not breastfeed in the postpartum period.18,19


     Take on an empty stomach; be consistent with timing and composition of meals if GI intolerance occurs.


     Cyclosporine oral to IV conversion: IV dose is one-third of total oral daily dose. Administer in divided doses every 12 hours over 4 hours or as continuous infusion.


     Tacrolimus oral to IV conversion: IV dose is one-third of total oral daily dose. Administer only as a continuous infusion.


     Tacrolimus conversion from oral to sublingual: Sublingual dose is one-half of oral dose using a compounded suspension (not commercially available).


     AZA


     Can be used during pregnancy, but mothers should not breastfeed in the postpartum period.


     MPA derivatives


     Avoid pregnancy while taking MPA derivatives (increased risk of first trimester pregnancy loss and congenital malformation).


     Use reliable contraception while on MPA therapy and for 3 months after discontinuation.


     Give after meals to reduce GI effects.


     Food can decrease the rate and extent of absorption of MPA derivatives. However, in stable kidney transplant recipients, the drug may be administered with food to help decrease GI effects.


     Oral suspension contains 0.56 mg/mL phenylalanine; use caution if administered to patients with phenylketonuria.


     mTOR inhibitors (sirolimus or everolimus)


     Avoid pregnancy while taking mTOR inhibitors (its use in pregnancy has been shown to be associated with increased fetal mortality, decreased fetal weights, and delayed ossification of skeletal structure).


     Use reliable contraception while on mTOR inhibitor therapy and for 3 months after discontinuation.


     May be taken with or without food, but take medication consistently with respect to meals (always take with food or always take on an empty stomach).


     Corticosteroid


     Should be taken after meals or with food or milk


     May require increased dietary intake of pyridoxine, vitamin C, vitamin D, folate, calcium, and phosphorous


     May require decreased dietary intake of sodium


     Belatacept: Clinical studies on belatacept use in pregnancy are currently limited. To date, only two cases of successful pregnancy and delivery have been reported to the Transplant Registry International.20 Clinical safety data on belatacept and breastfeeding is lacking. Hence, its use is not recommended during breastfeeding (see chapter 20).


  OTHER IMMUNOSUPPRESSIVE AGENTS (ALSO SUMMARIZED IN CHAPTER 3)


     Rituximab


     Rituximab is a chimeric murine/human monoclonal IgG1 kappa antibody directed against the CD20 antigen on the surface of B cells.


     May induce naive and memory B-cell depletion


     Plasma cells lack CD20 and are unaffected by rituximab.


     Clinical use


     Treats acute antibody-mediated rejection (ABMR)


     Used as part of a conditioning regimen in patients with preformed anti-HLA antibodies or ABO incompatibility


     Used in the treatment of posttransplant lymphoproliferative disease (PTLD)


     Adverse effects


     Fever, chills, rigors, hypotension, dizziness, myalgias, nausea/vomiting, pruritus, rash, infusion reaction, infection, asthenia, lymphopenia, angioedema


     Bortezomib


     Inhibits proteasomes—enzyme complexes which regulate protein homeostasis within the cells. Specifically, it reversibly inhibits chymotrypsin-like activity at the 26S proteasome, leading to activation of signaling cascades, cell-cycle arrest, and apoptosis.


     Reduces donor-specific antibody (DSA) production by plasma cells


     Clinical use


     Treatment of acute ABMR where intravenous immunoglobulin (IVIG) and/or rituximab therapy have failed (based on small studies)


     Desensitization protocols (discussion is beyond the scope of this chapter)


     Currently, the role of bortezomib in the treatment of ABMR or desensitization protocols remains unclear because of its limited efficacy data and significant adverse effects.21,22


     Adverse effects: thrombocytopenia, neutropenia, anemia, peripheral neuropathy, fever, hypotension, nephrotoxicity, thrombotic microangiopathy21,22


     Drug interaction: cytochrome P4503A (CYP3A) substrate


     Eculizumab


     Eculizumab is a humanized monoclonal antibody that targets the complement protein C5.


     Inhibits terminal complement (binds to C5, preventing cleavage of C5 into C5a and C5b, and the formation of C5b and membrane attack complex C5b-9)


     Protects endothelium from injury caused by existing antibodies


     Clinical use


     Atypical hemolytic uremic syndrome (see chapter 8)


     Small case series demonstrated that eculizumab is effective in preventing and treating ABMR and in reversing refractory ABMR. However, a recent phase 2 open-labeled randomized trial comparing the efficacy and safety of eculizumab versus plasmapheresis and intravenous immunoglobulin (ie, standard of care) in kidney transplant recipients with biopsy-documented ABMR was terminated after 11 subjects were enrolled due to lack of efficacy (the primary outcome measure was “percent change in estimated glomerular filtration rate at 3 months posttreatment).23


     The efficacy and safety of eculizumab in the prevention and/or treatment of ABMR remain to be determined.24,25


     Adverse effects


     Increased risk of meningococcal infections


     Meningococcal vaccination: Both MenACWY vaccine and the full series of MenB vaccine should be administered at least 2 weeks prior to eculizumab, with a booster dose of MenACWY vaccine every 5 years, for the duration of eculizumab therapy. If vaccination is given < 2 weeks prior to first dose, must start prophylactic antibiotic therapy (penicillin G > ampicillin > 3rd generation cephalosporin > macrolide > or fluoroquinolone, in order of preference) and continue for 2 weeks.


     IVIG


     Pooled human gammaglobulin preparations from thousands of blood donors


     Only sucrose-free preparations should be used to prevent osmotic nephrosis.


     Potential mechanisms of action


     Anti-idiotypic antibodies (inhibits anti-HLA antibody)


     Produces long-term suppression or elimination of anti–human leukocyte antigen (anti-HLA) reactive T and B cells


     Induces apoptosis of B cells


     Downregulates antibody production by plasma cell


     Inhibits complement-mediated damage


     Inhibits cytokine signaling pathway and alloimmunization via blockade of TCR


     Immune modulation


     Clinical use


     To reduce high levels of preformed anti-HLA antibodies in sensitized patients


     To facilitate living donor transplant in the face of a positive crossmatch or ABO incompatibility


     Treatment of ABMR


     Tocilizumab


     Background


     IL-6 is a critical cytokine that mediates numerous inflammatory and immunomodulatory pathways, including regulation of T-cell differentiation and B-cell progression to antibody-producing plasma cells.


     Emerging data indicate that IL-6 plays a role in the mediation of cell-mediated rejection, ABMR, and chronic allograft vasculopathy.26


     IL-6 neutralization delayed onset of acute cell-mediated rejection and prolonged graft survival26


     Tocilizumab is an IgG1 humanized monoclonal antibody specific for IL-6 receptor. It binds soluble as well as membrane-bound IL-6 receptors, hindering IL-6 from exerting its proinflammatory effects.


     Tocilizumab was developed to treat autoimmune diseases such as rheumatoid arthritis.


     Clinical studies evaluating the safety and efficacy of tocilizumab in desensitization protocols and ABMR are discussed in chapter 3.


  REFERENCES


    1.  Vincenti F, Charpentier B, Vanrenterghem Y, et al. A phase III study of belatacept-based immunosuppression regimens versus cyclosporine in renal transplant recipients (BENEFIT study). Am J Transplant. 2010;10(3):535-546.


    2.  Ippoliti G, Lucioni M, Leonardi G, Paulli M. Immunomodulation with rabbit anti-thymocyte globulin in solid organ transplantation. World J Transplant. 2015;5(4):261-266.


    3.  Pham PT, Pham SV, Pham PA, Danovitch G. Medical management of the kidney transplant recipient: cardiovascular disease and metabolic abnormalities. In: Johnson R, Feehally J, Floege J, Tonelli M, eds. Comprehensive Clinical Nephrology. 6th ed. Philadelphia, PA: Elsevier Saunders; 2018:1213.


    4.  Vincenti F, Friman S, Scheuermann E, et al; for DIRECT (Diabetes Incidence after Renal Transplantation: Neoral C Monitoring Versus Tacrolimus) Investigators. Results of an international, randomized trial comparing glucose metabolism disorders and outcome with cyclosporine versus tacrolimus. Am J Transplant. 2007;7(6):1506-1514.


    5.  Staatz CE, Tett SE. Clinical pharmacokinetics of once-daily tacrolimus in solid-organ transplant patients. Clin Pharmacokinet. 2015;54(10):993-1025.


    6.  Rostaing L, Bunnapradist S, Grinyó JM, et al. Novel once-daily extended-release tacrolimus versus twice-daily tacrolimus in de novo kidney transplant recipients: two-year results of phase 3, double-blind, randomized trial. Am J Kidney Dis. 2016;67(4):648-659.


    7.  Sievers T, Lum E, Danovitch GM. Immunosuppressive medications and protocols. In: Danovitch GM, ed. Handbook of Kidney Transplantation. 6th ed. Philadelphia, PA: Wolters Kluwer Health; 2017:100-169.


    8.  Pham PT, Pham PC, Danovitch GM, et al. Sirolimus-associated pulmonary toxicity. Transplantation. 2004;77(8):1215-1220.


    9.  Dantal J, Morelon E, Rostaing L, et al; and TUMORAPA Study Group. Sirolimus for secondary prevention of skin cancer in kidney transplant recipients: 5-year results. J Clin Oncol. 2018;36(25):2612-2620. doi:10.1200/JCO.2017.76.6691.


  10.  Yanik EL, Siddiqui K, Engels EA. Sirolimus effects on cancer incidence after kidney transplantation: a meta-analysis. Cancer Med. 2015;4(9):1448-1459.


  11.  de Fijter JW. Cancer and mTOR inhibitors in transplant recipients. Transplantation. 2017;101(1):45-55.


  12.  Davis S, Gralla J, Klem P, et al. Lower tacrolimus exposure and time in therapeutic range increase the risk of de novo donor-specific antibodies in the first year of kidney transplantation. Am J Transplant. 2018;18(4):907-915.


  13.  Gaynor JJ, Cianco G, Guerra G, et al. Lower tacrolimus trough levels are associated with subsequently higher acute rejection risk during the first 12 months after kidney transplantation. Transpl Int. 2016;29(2):216-226.


  14.  Haller MC, Royuela A, Nagler EV, Pascual J, Webster AC. Steroid avoidance or withdrawal for kidney transplant recipients. Cochrane Database Syst Rev. 2016;(8):CD005632.


  15.  Bray RA, Gebel HM, Townsend R, et al. Posttransplant reduction in preexisting donor-specific antibody levels after belatacept- versus cyclosporine-based immunosuppression: post hoc analyses of BENEFIT and BENEFIT-EXT. Am J Transplant. 2018;18(7):1774-1782.


  16.  Malvezzi P, Jouve T, Rostaing L. Costimulation blockade in kidney transplantation: an update. Transplantation. 2016;100(11):2315-2323.


  17.  Florman S, Vincenti F, Durrbach A, et al. Outcomes at 7 years post-transplant in black vs nonblack kidney transplant recipients administered belatacept or cyclosporine in BENEFIT and BENEFIT-EXT. Clin Transplant. 2018;32(4):e13225. doi:10.1111/ctr.13225.


  18.  Armenti VT, Moritz MJ, Cardonick EH, Davison JM. Immunosuppression in pregnancy: choices for infant and maternal health. Drugs. 2002;62(16):2361-2375.


  19.  Constantinescu S, Pai A, Coscia LA, Davison JM, Moritz MJ, Armenti VT. Breast-feeding after transplantation. Best Pract Res Clin Obstet Gynaecol. 2014;28(8):1163-1173.


  20.  Combs J, Kagan A, Boelkins M, Coscia L, Moritz M, Hofmann RM. Belatacept during pregnancy in renal transplant recipients: two case reports. Am J Transplant. 2018;18(8):2079-2082.


  21.  Eskandary F, Regele H, Baumann L, et al. A randomized trial of bortezomib in late antibody-mediated kidney transplant rejection. J Am Soc Nephrol. 2018;29(2):591-605.


  22.  Sethi S, Choi J, Toyoda M, Vo A, Peng A, Jordan SC. Desensitization: overcoming the immunologic barriers to transplantation. J Immunol Res. 2017;2017:6804678. doi:10.1155/2017/6804678.


  23.  ClinicalTrials.gov Identifier: NCT01895127


  24.  Wan SS, Ying TD, Wyburn K, Roberts DM, Wyld M, Chadban SJ. The treatment of antibody-mediated rejection in kidney transplantation: an updated systematic review and meta-analysis. Transplantation. 2018;102(4):557-568.


  25.  Tran D, Boucher A, Collette S, Payette A, Royal V, Senécal L. Eculizumab for the treatment of severe antibody-mediated rejection: a case report and review of the literature. Case Rep Transplant. 2016;2016:9874261. doi:10.1155/2016/9874261.


  26.  Jordan SC, Choi J, Kim I, Wu G, Toyoda M, Shin B, Vo A. Interleukin-6, a cytokine critical to mediation of inflammation, autoimmunity and allograft rejection: therapeutic implications of IL-6 receptor blockade. Transplantation. 2017;101(1):32-44.


  
    
      CHAPTER 3

    


    Allograft Rejection: Types and Treatment Strategies


    Ashley Vo, Phuong-Chi T. Pham, and Phuong-Thu T. Pham

  


  This chapter provides general guidelines for the treatment and management of acute rejection episodes. Referral to a transplant center or consultation with a transplant specialist should be considered at the discretion of the clinician. It should also be noted that practice may vary among transplant centers. Consultation with a transplant center is recommended when a lymphocyte-depleting agent and/or agents targeting against antibodies or the complement system are used.


  ALLOGRAFT REJECTION: HYPERACUTE, ACUTE, AND CHRONIC


  Allograft rejection can be classified into hyperacute, acute, and chronic rejection. The 2017 updated Banff classification is categorized into six broad categories and is discussed in chapter 9.1 Hyperacute rejection is not classified under Banff categories.


  Hyperacute rejection


     Can occur immediately following vascular anastomosis or within minutes to hours after graft revascularization


     Uniformly results in graft loss requiring allograft nephrectomy


     With the current cytotoxic crossmatch and the advent of the single-antigen bead-based Luminex assays (see chapter 1), hyperacute rejection has become virtually nonexistent.2


     Pathogenesis


     Caused by preformed antidonor human leukocyte antigen (HLA) antibodies (or cytotoxic antibodies against the graft)


     Preformed antidonor HLA antibodies bind to graft endothelial antigens and activate complement leading to severe vascular injury, thrombosis, coagulative necrosis, and obliteration of the graft vasculature.


     In the setting of ABO incompatible transplantation, hyperacute rejection occurs due to preformed anti-ABO antibodies (ABO isoagglutinins).


     Histopathology (see chapter 9)


  Acute rejection


  Acute rejection can be classified into acute T cell–mediated rejection (TCMR) or acute antibody-mediated rejection (ABMR). Diagnosis requires allograft biopsy. The 2017 Banff classification of TCMR and ABMR and their histopathologic features are discussed in chapter 9.1


     Acute TCMR


     Generally occurs after the first posttransplant week and most commonly within the first 3 to 6 months after transplantation. In unsensitized patients with low levels of preformed anti-HLA antibodies, acute TCMR rarely occurs in the first week.2


     Clinical manifestations


     Most patients present with asymptomatic acute rise in serum creatinine.


     In the early posttransplant period, acute rejection may also manifest as plateauing of serum creatinine at a creatinine level that is higher than expected (also referred to as “high baseline creatinine”).


     In the era of potent immunosuppression, fever, malaise, oliguria, and graft tenderness are usually absent unless immunosuppression is completely discontinued.


     Pathogenesis


     Caused by T cells reacting to donor histocompatibility antigens expressed in the tubules, interstitium, and vessels to various extent


     Studies suggest that TCMR is a risk factor for the development of de novo antibodies against the allograft and subsequent ABMR.3


     ABMR


     Generally occurs early after transplantation


     ABMR can occur alone or concomitantly with TCMR.


     Clinical manifestations: allograft dysfunction frequently more severe than that of acute cellular rejection


     ABMR can occur under two clinical scenarios4:


     ABMR type 1: caused by persistent preexisting donor-specific antibodies and/or anamnestic or “memory” humoral response against an antigen present on the graft to which the recipient had been previously exposed (eg, through blood transfusion, pregnancy, or previous transplant). Type 1 ABMR is often seen in highly sensitized recipients who underwent pretransplant desensitization protocol to remove antibodies against the donor kidney and most often occurs early after transplantation.


     ABMR type 2: caused by de novo donor-specific antibodies (dnDSAs), most often occurring after the first posttransplant year (frequently seen in the context of medical nonadherence or inadequate immunosuppression)


     Pathogenesis


     Caused by DSA against HLA. Less commonly, other non-HLA antibodies have been implicated in ABMR.


     Non-HLA are further classified as alloantigens, such as MHC class I-related chain A (MICA) and MHC class I-related chain B (MICB), or as tissue-specific autoantigens, such as the angiotensin II type 1 receptor (AT1R), anti–endothelin-1 type A receptor (ETAR), vimentin, cardiac myosin, collagen V, or agrin (see chapter 1).


  Chronic rejection


     Graft deterioration in the late posttransplant period can be due to alloimmune or nonalloimmune causes or both. Diagnosis requires allograft biopsy. The 2017 Banff classification of chronic active TCMR, chronic active ABMR, and chronic ABMR and their histopathologic features are discussed in chapter 9.1


     Chronic rejection is an alloimmune-dependent process associated with T cell–mediated and/or antibody-mediated injury.


     Risk factors: prior acute rejection episodes (TCMR or ABMR or both),5,6 poor HLA matching,7 prior sensitization or posttransplant development of HLA antibodies (de novo or anamnestic response),8 underimmunosuppression, or medical nonadherence


     Clinical manifestations: Patients generally present with gradual deterioration in kidney allograft function with or without various degrees of proteinuria.


     Chronic rejection of the kidney transplant is the most common cause of graft loss in the late posttransplant period.


     Pathogenesis


     Chronic ABMR is a process in which donor-specific anti-HLA antibodies develop, followed by immune-mediated injury to the kidney allograft. Continuous antibody-mediated injury can lead to separation of the endothelial cells from the underlying basement membrane. These cells will, in turn, lay down new basement membrane matrix resulting in the so-called basement membrane duplication and the histologic appearance of transplant glomerulopathy (TG).3


     Interstitial inflammation in areas of interstitial fibrosis and tubular atrophy (i-IFTA) is considered a potential lesion of chronic active TCMR. However, the pathogenesis of i-IFTA and to what extent this represents a manifestation of TCMR remains to be studied.


  TREATMENT OF ACUTE REJECTION


  Overview


  The approach to the treatment of allograft rejection is guided primarily by the types of rejection (T cell–mediated vs antibody-mediated or concomitant presence of both), the histopathologic severity of rejection as graded by the Banff classification system, and the degree of interstitial fibrosis and tubular atrophy with or without interstitial inflammation (i-IFTA).


  Treatment of acute T cell–mediated rejection based on Banff classification


     Suspicious for rejection


     Decision to treat with corticosteroid pulse is generally based on clinical history such as severity of acute kidney injury, immunologic risk, history of medical nonadherence, and/or subtherapeutic calcineurin inhibitor levels. Examples


     Low immunologic risk, 25% (or less) rise in serum creatinine


     Observation alone and close follow-up of serum creatinine trend. Consider oral or intravenous corticosteroid pulse if creatinine does not improve or increases on serial measurements.


     Consider augmentation of maintenance immunosuppression.


     More than 25% to 30% rise in serum creatinine, subtherapeutic calcineurin inhibitor levels


     Oral or intravenous corticosteroid pulse. The dose of prednisone can be continued at its previous level after completion of the pulse steroid.


     Augmentation of maintenance immunosuppression


     Banff grade 1A


     High-dose intravenous corticosteroid, usually referred to as “pulse steroid” or “Solu-Medrol pulse” (methylprednisolone pulse) at 5 mg/kg body weight for 3 days. Higher dose such as 500 to 1,000 mg for 3 days does not appear to be more effective. The dose of prednisone can be continued at its previous level after completion of the pulse steroid. Some centers may elect to follow various oral steroid tapering protocols.


     Antithymocyte globulin (ATG) should be considered in TCMR refractory to corticosteroid therapy (refractory can be arbitrarily defined as failure of serum creatinine to improve or deterioration of graft function despite three “daily methylprednisolone pulse”). Note that there may be a delay in serum creatinine improvement by 2 to 5 days following completion of steroid pulse. Clinical judgment is required.


     Banff grade 1B


     Choice of high-dose intravenous corticosteroid versus ATG such as Thymoglobulin generally requires clinical correlation. ATG is generally employed in patients with moderately severe to severe acute kidney injury (arbitrarily defined as ≥100% increase in serum creatinine) or in those who develop acute TCMR in the early posttransplant period. ATG should also be considered in those who fail to respond to pulse corticosteroid (particularly when there is rapid deterioration of renal function).


     Banff grade 2A or 2B


     Antithymocyte globulin (eg, Thymoglobulin)


     Banff grade 3


     Antithymocyte globulin


  Treatment of chronic active T cell–mediated rejection


     The optimal management of chronic active TCMR remains to be defined. Consider maximizing antimetabolite therapy as tolerated if applicable (ie, CellCept 1,000 mg twice a day or Myfortic 720 mg twice a day). Table 3-1 summarizes the pathogenesis and treatment strategies for acute and chronic TCMR (opinion based).


  
    TABLE 3-1  T cell–Mediated Rejection Treatment Strategies


    PATHOGENESIS: Recipient T cells react to donor human leukocyte antigens (HLAs) expressed in tubules, interstitium, vessels


    
      
        
          	
            Suspicious for acute TCMR

          

          	
            Type 1 acute TCMR

          

          	
            Type 2 acute TCMR

          

          	
            Type 3 acute TCMR

          

          	
            Chronic active TCMR

          
        


        
          	
            Observe and follow creatinine trend vs oral or IV steroid pulse per risk (such as degree of acute kidney injury, history of medical nonadherence, and immunologic risk).

          

          	
            Banff 1A: IV steroid pulse (5 mg/kg body weight, see text)


            Banff 1B: IV steroid pulse or antithymocyte globulin (such as Thymoglobulin) per risk

          

          	
            Banff 2A: antithymocyte globulin such as Thymoglobulin


            Banff 2B: antithymocyte globulin

          

          	
            Antithymocyte globulin

          

          	
            There is no standardized protocol for the treatment of chronic active TCMR. Consider maximizing antimetabolite therapy if applicable. Consult transplant center.

          
        

      
    


    Abbreviations: IV, intravenous; TCMR, T cell–mediated rejection.

  


  Treatment of acute antibody-mediated rejection


  The potential mechanisms of action of various treatment modalities used in the treatment of ABMR are summarized in Table 3-2 (see also chapter 2).9,10


  
    TABLE 3-2  Potential Mechanisms of Action of Various Treatment Modalities Used in the Treatment of Acute Antibody-Mediated Rejection


    
      
        
          	
            Treatment modalities

          

          	
            Potential mechanism(s) of action

          

          	
            Comments/clinical use

          
        


        
          	
            Plasmapheresis

          

          	
            Removes circulating alloantibodies

          

          	
            May stimulate rebound immunoglobulin production

          
        


        
          	
            IVIG

          

          	
            Antiidiopathic antibodies (inhibits anti-HLA antibody)


            Produces long-term suppression or elimination of anti-HLA reactive T and B cells


            Induces apoptosis of B cells


            Downregulates antibody production by plasma cells


            Inhibits complement-mediated damage


            Inhibits cytokine signaling pathway and alloimmunization via blockade of the T-cell receptor


            Immune modulation

          

          	
            Removed by plasma exchange (must give after plasmapheresis)

          
        


        
          	
            Agent targeting B cells:


            rituximab

          

          	
            Anti-CD20 monoclonal antibodies


            May induce naive and memory B-cell depletion


            Plasma cells lack CD20 and are unaffected by rituximab.

          

          	
            Treat ABMR


            Used as part of a conditioning regimen in patients with preformed anti-HLA antibodies or ABO incompatibility

          
        


        
          	
            Agent targeting plasma cells: bortezomib

          

          	
            Proteasome inhibitor; induces plasma cell apoptosis


            Reduces DSA production by plasma cells

          

          	
            The role of bortezomib in the treatment of ABMR and in desensitization protocols remains unclear because of limited efficacy data and significant adverse effects (see chapter 2)

          
        


        
          	
            Agents targeting the complement system:


            •  Eculizumab


            •  C1-INH


            •  BIVV009

          

          	
            Eculizumab: terminal complement inhibitor (binds to C5, preventing cleavage of C5 into C5a and C5b and the formation of C5b and membrane attack complex)


            Protects endothelium from injury caused by existing antibodies

          

          	
            Eculizumab: Preventive or rescue therapy (based on small studies)


            Treatment of ABMR (case reports)


            The efficacy and safety of eculizumab in the prevention and/or treatment of ABMR remains to be determined (see chapter 2)


            Meningococcal prophylactic therapy required (see chapter 2)

          
        


        
          	
             

          

          	
            C1-INH: inhibits multiple enzymes, including inhibition of complement activation by interruption of assembly of C1s and C1r in the classic pathway

          

          	
            C1-INH: Further studies are needed.

          
        


        
          	
             

          

          	
            BIVV009: selectively targets the serine protease C1s. In vitro studies showed that it prevents activation of the classical complement pathway and reduces downstream deposition of complement fragments and generation of anaphylatoxins.

          

          	
            BIVV009: Further studies are needed.

          
        


        
          	
            Anti–IL-6 receptor monoclonal antibody: tocilizumab

          

          	
            The proinflammatory cytokine IL-6 may play an important role in the development of DSA and chronic active ABMR. Limited data demonstrated that IL-6 neutralization delayed onset of acute cell-mediated rejection and prolonged graft survival.

          

          	
            Clinical use (based on small case series): rescue therapy for DSA-positive chronic active ABMR and evidence of TG not responsive to standard of care treatment with IVIG and rituximab with or without plasmapheresis

          
        

      
    


    Abbreviations: ABMR, antibody-mediated rejection; C1-INH, C1 esterase inhibitor; DSA, donor-specific antibody; HLA, human leukocyte antigen; IL-6, interleukin-6; IVIG, intravenous immunoglobulin; TG, transplant glomerulopathy.

  


     Treatment of acute ABMR may vary among centers. Suggested guidelines for the treatment of ABMR are shown in Table 3-3.


  
    TABLE 3-3  Suggested Guidelines for the Treatment of Positive Donor-Specific Antibody Encountered in Various Clinical Scenariosa


    
      
        
          	
            DSA strength

          

          	
            DSA-positive and biopsy-proven ABMR (with or without histologic features of TMA)

          

          	
            De novo DSA on surveillance

          

          	
            Anamnestic response on surveillance

          
        


        
          	
            Weak


            MFI 1,000-3,000

          

          	
            TMA


            PLEX daily × 3


            IVIG (2 g/kg) × 1 after PLEX no. 3


            Rituximab 375 mg/m2 × 1 (1 wk after IVIG)

          

          	
            No TMA


            IVIG (2 g/kg)


            Rituximab 375 mg/m2 × 1 (1 wk after IVIG)

          

          	
            IVIG (2 g/kg)


            Rituximab 375 mg/m2 × 1 (1 wk after IVIG)

          

          	
            IVIG (2 g/kg)


            Rituximab 375 mg/m2 × 1 (1 wk after IVIG)

          
        


        
          	
            DSA monitoring


            After PLEX no. 3; then monthly × 3; and then at 6, 9, and 12 mo after treatment completed

          

          	
            DSA monitoring


            Monthly × 3, then at 6, 9, and 12 mo after treatment completed

          

          	
            DSA monitoring


            Monthly × 3, then at 6, 9, and 12 mo after treatment completed

          

          	
            DSA monitoring


            Monthly × 3, then at 6, 9, and 12 mo after treatment completed

          
        


        
          	
            Moderate


            MFI 3,000-8,000

          

          	
            TMA


            PLEX daily × 3


            Eculizumab 1,200 mg × 1 (first dose after PLEX no. 3) then 900 mg weekly × 3 doses


            IVIG (2 g/kg) × 1 after eculizumab dose no. 4


            Rituximab 375 mg/m2 × 1 (1 wk after IVIG)

          

          	
            No TMA


            PLEX daily × 3


            IVIG (2 g/kg) × 1 after PLEX no. 3


            Rituximab 375 mg/m2 × 1 (1 wk after IVIG)


            Repeat another round of IVIG + rituximab in 3-6 mo if DSA still elevated or no improvement in renal function.

          

          	
            IVIG (2 g/kg)


            Rituximab 375 mg/m2 × 1 (1 wk after IVIG)


            Repeat another round of IVIG + rituximab in 3-6 mo if DSA still elevated or no improvement in renal function.

          

          	
            IVIG (2 g/kg)


            Rituximab 375 mg/m2 × 1 (1 wk after IVIG)


            Repeat another round of IVIG + rituximab in 3-6 mo if DSA still elevated or no improvement in renal function.

          
        


        
          	
            DSA monitoring


            After PLEX no. 3; then monthly × 3; and then at 6, 9, and 12 mo after treatment completed

          

          	
            DSA monitoring


            After PLEX no. 3; then monthly × 3; and then at 6, 9, and 12 mo after treatment completed

          

          	
            DSA monitoring


            Monthly × 3, then at 6, 9, and 12 mo after treatment completed

          

          	
            DSA monitoring


            Monthly × 3, then at 6, 9, and 12 mo after treatment completed

          
        


        
          	
            Strong


            MFI >8,000

          

          	
            TMA


            PLEX × 3-5 (daily × 3; QOD × 2)


            Eculizumab 1,200 mg × 1 (first dose after PLEX no. 3), then 900 mg weekly × 3 doses


            IVIG (2 g/kg) × 1 after eculizumab dose no. 4


            Rituximab 375 mg/m2 × 1 (1 wk after IVIG)


            Tocilizumab 8 mg/kg monthly × 6 mo (max 800 mg/dose)

          

          	
            No TMA


            PLEX × 3-5 (daily × 3; QOD × 2)


            IVIG (2 g/kg) × 1 after PLEX no. 5


            Rituximab 375 mg/m2 × 1 (1 wk after IVIG)


            If persistent DSAs 1-3 mo after IVIG/rituximab, consider tocilizumab 8 mg/kg monthly × 6 mo (max 800 mg/dose).

          

          	
            PLEX × 3-5 (daily × 3; QOD × 2)


            IVIG (2 g/kg) after last PLEX


            Rituximab 375 mg/m2 × 1 (1 wk after IVIG)


            If persistent DSAs 1-3 mo after PLEX/IVIG/rituximab, consider tocilizumab 8 mg/kg monthly × 6 mo (max 800 mg/dose).

          

          	
            PLEX × 3-5 (daily × 3; QOD × 2)


            IVIG (2 g/kg) after last PLEX


            Rituximab 375 mg/m2 × 1 (1 wk after IVIG)


            If persistent DSAs 1-3 mo after PLEX/IVIG/rituximab, consider tocilizumab 8 mg/kg monthly × 6 mo (max 800 mg/dose).

          
        


        
          	
            DSA monitoring


            After PLEX no. 5 then monthly × 3, then at 6, 9, and 12 mo after treatment completed

          

          	
            DSA monitoring


            Monthly × 3, then at 6, 9, and 12 mo, after treatment completed

          

          	
            DSA monitoring


            Monthly × 3, then at 6, 9, and 12 mo after treatment completed

          

          	
            DSA monitoring


            Monthly × 3, then at 6, 9, and 12 mo after treatment completed

          
        

      
    


    Abbreviations: ABMR, acute antibody-mediated rejection; DSA, donor-specific antibody; IVIG, intravenous immunoglobulin; max, maximum; MFI, mean fluorescence intensity; PLEX, plasma exchange; TMA, thrombotic microangiopathy.


    aAuthors’ center protocol. Practice varies among centers.

  


     Plasmapheresis or plasma exchange (PLEX) removes circulating alloantibodies or DSA. There is no consensus on the mean fluorescence intensity (MFI) cutoff whereby PLEX is indicated. Furthermore, the threshold to perform PLEX and the number of PLEX sessions may differ depending on the clinical scenarios and histopathologic findings (see Table 3-3). DSA testing after PLEX to assess treatment response is discussed in a later section.


     Intravenous immunoglobulin (IVIG)


     Sucrose-free IVIG should be used to avoid high sucrose content induced kidney injury.


     Standard dose 2 g/kg (maximum 140 g for patient >70 kg) in two divided doses


     IVIG is removed by plasmapheresis and must be given after plasmapheresis.


     IVIG can cross-react with target antigens in solid-phase assays, resulting in artificially high background or erroneous DSA results. DSA (single-antigen antibody class I and II) should be drawn before IVIG is given and repeat at predetermined intervals after treatment (see Table 3-3) or at the discretion of the clinicians.


     Based on the multistep process that leads to alloantibody production and complement-mediated microvascular inflammation and injury, additional treatment with the following agents can be considered at the discretion of the clinicians. Consultation with a transplant center is recommended. Clinicians must be familiar with its use.


     Agents targeting B cells: rituximab (Suggested timing of rituximab and IVIG administration is discussed under “IVIG and rituximab recycling process” section.)


     Agents targeting plasma cells: bortezomib (limited efficacy data. Significant adverse effects have been reported. See chapter 2.)11


     Agents targeting the complement system


     Eculizumab (see chapter 2 for the U.S. Food and Drug Administration [FDA] black box warning for increased risk for meningococcal disease and measures to reduce such risk). Efficacy and safety remain to be determined (discussed in chapter 2).12-14


     C1-esterase inhibitor (C1-INH)15


     Anti-C1s monoclonal antibody BIVV009 (previously named TNT009)16


     Anti–interleukin-6 (IL-6) receptor monoclonal antibody: tocilizumab17


     A brief summary of studies evaluating the safety and efficacy of agents targeting the complement system and the anti–IL-6 receptor monoclonal antibody is shown in Table 3-4. (detailed discussion is beyond the scope of this chapter. Interested readers are referred to references cited in Table 3-4.)15-21


  
    TABLE 3-4  The Use of Tocilizumab and Agents Targeting the Complement System in Desensitization Protocols and Antibody-Mediated Rejection


    
      
        
          	
            Immunosuppressive agents

          

          	
            Case reports/clinical trials

          

          	
            Outcomes

          
        


        
          	
            Tocilizumab

          

          	
            Vo et al. (Transplantation. 2015;99[11]: 2356-2363)


            Phase I/II pilot study (n = 10 highly sensitized unresponsive to IVIG + rituximab desensitization)

          

          	
            5 of 10 (50%) were transplanted. Renal function at 12 mo was 60 ± 25 mL/min.

          
        


        
          	
            Choi et al. (Transplantation. 2017;17:2381-2389)


            Used as rescue therapy for 36 highly HLA sensitized patients with chronic ABMR + DSA and TG who failed treatment with IVIG + rituximab ± PLEX

          

          	
            6-y graft and patient and survival rates were 80% and 91%, respectively.

          
        


        
          	
            Eculizumab

          

          	
            Locke et al. (Am J Transplant. 2009;9[1]:231-235)


            Used as salvage treatment of severe ABMR (single case) in 20-y-old sensitized patient with FCXM positive, DSA positive, and CDC crossmatch negative prior to transplant. Patient received desensitization with PLEX/low-dose IVIG in preparation for living donor second transplant, with negative FCXM at transplant (case report).

          

          	
            Despite negative FCXM at transplant, DSA rebound on postoperative day 10 with biopsy-proven severe ABMR (TMA+, C4d+, and extensive C5b-C9 deposition). Patient responded to rescue therapy with eculizumab, demonstrated by a reduction of C5b-C9 deposition in repeat biopsy, despite no significant reduction in DSA strength.

          
        


        
          	
            Wongsaroj et al. (Am J Transplant. 2015;15[suppl 3])


            Used to treat refractory ABMR with TMA in 13 highly sensitized patients with decline in renal function associated with DSA and/or evidence of ABMR

          

          	
            Renal function significantly improved or stabilized in 11 of 13 patients.

          
        


        
          	
            Vo et al. (Transplantation. 2015;99[7]: 1423-1430)


            Used to treat severe ABMR with features of TMA (PLEX + eculizumab, n = 2)

          

          	
            Graft survival for patients with TMA was 100% with PLEX + eculizumab (n = 2) compared to 0% with PLEX + IVIG + rituximab (n = 6) counterparts.

          
        


        
          	
            C1-INH

          

          	
            Montgomery et al. (Am J Transplant. 2016;16[12]:3468-3478)


            Used as add-on therapy to standard of care for the treatment of ABMR (standard of care: IVIG and PLEX)


            C1-INH, n = 9; placebo, n = 9

          

          	
            1-wk posttreatment biopsies


            7 of 9 (78%) in C1-1NH–treated patients and 6 of 9 (67%) in placebo group had resolution of ABMR.


            6-mo biopsy in post hoc analysis showed no cases of TG in the C1-INH–treated group, but 3 of 7 (43%) cases in the placebo-treated group. Further studies using TG as primary end point to predict long-term graft failure are needed.

          
        


        
          	
            Anti-C1s monoclonal antibody


            BIVV009 (previously known as TNT0099)

          

          	
            Eskandary et al. (Am J Transplant. 2018; 18[4]: 916-926


            Phase 1B trial to evaluate safety and tolerability and complement blocking potential of BIVV009 (60 mg/kg weekly × 4 doses) in 10 stable kidney transplant patients (median 4.3 y posttransplant) with late active ABMR with features of complement activation (ie, C4d deposition or DSA)

          

          	
            BIV009 profoundly inhibited complement activation and reduced or eliminated C4d staining, but short-course treatment had no effect on histologic or molecular features of ABMR in early follow-up biopsies (5 wk posttreatment).

          
        

      
    


    Abbreviations: ABMR, acute antibody-mediated rejection; CDC-crossmatch, complement-dependent cytotoxic crossmatch; DSA, donor-specific antibody; FCXM, flow cytometry crossmatch; HLA, human leukocyte antigen; IVIG, intravenous immunoglobulin; PLEX, plasma exchange; TG, transplant glomerulopathy; TMA, thrombotic microangiopathy.

  


     Pulse steroid and antilymphocyte antibodies may also be beneficial in the treatment of ABMR. Pulse steroid may downregulate B-cell response via a decrease in the activity of helper T cells, whereas antilymphocyte antibodies may downregulate B-cell response via a decrease in the activity of helper T cells.


  Donor-specific antibody testing after plasmapheresis or plasma exchange to assess treatment response


     There is no consensus guidelines on the best time point to repeat DSA after plasmapheresis. Some centers recommend repeat DSA testing at least 48 hours after the last PLEX treatment, whereas others advocate repeat DSA testing immediately after the last PLEX treatment (before patient is disconnected from PLEX).


     Rationale for testing DSA at least 48 hours after the last PLEX treatment (University of California, Los Angeles [UCLA] protocol): to allow time for re-equilibration of DSA. Obtaining a sample immediately after plasmapheresis may result in artificially low DSA strength


     Rationale for testing DSA immediately after the last PLEX treatment (Cedars-Sinai protocol): to assess the effect of PLEX therapy on DSA removal and to determine if three sessions are adequate, depending on DSA results. If inadequate response is seen, then additional PLEX treatment may be warranted before any high-dose IVIG is given.


  IVIG and rituximab recycling process


     Rituximab should be given 1 week after IVIG to maximize immunoglobulin G (IgG) and rituximab recycling via the neonatal Fc receptor (FcRn).


     The FcRn-mediated IgG (or rituximab) recycling occurs via a three-step process (Figure 3-1).22


  
    

    Figure 3-1  The Neonatal Fc Receptor–Mediated Immunoglobulin G (or Rituximab) Recycling Process
The neonatal Fc receptor (FcRn)-mediated immunoglobulin G (igG) (or rituximab) recycling can be described as a three-step process: (1) passive endocytosis of IgG into endothelial cells; (2) acidification in endosome by H+ ATPase to pH ~6 facilitates IgG binding to FcRn; and (3a) unbound IgG and other nonspecific proteins are destined to lysosomal degradation, whereas (3b) bound IgG is diverted back (recycled back) to circulation.
  

  1.   Passive endocytosis of IgG into endothelial cells


  2.   The intraendosomal acidic milieu facilitates IgG binding to FcRn.


  3.   Unbound IgG is destined to lysosomal degradation, whereas bound IgG-FcRn complex is diverted back (recycled back) to the circulation.


     Administration of rituximab immediately following IVIG potentially exceeds the FcRn-binding capacity in endosome and subsequent IgG and rituximab degradation.


  Treatment of chronic active antibody-mediated rejection


     There is currently no effective therapy for chronic active ABMR. Consider maximizing antimetabolite therapy as tolerated if applicable (ie, CellCept 1,000 mg twice a day or Myfortic 720 mg twice a day). The presence of chronic transplant glomerulopathy (CTG) portends poor graft prognosis, particularly when associated with positive C4d staining. The use of tocilizumab in the treatment of DSA-positive chronic active ABMR and TG is an area of intense clinical research.


  Manipulation of maintenance immunosuppression following treatment of acute T cell–mediated rejection or acute antibody-mediated rejection


     Increase maintenance immunosuppressive drug target levels (tacrolimus or cyclosporine).


     In patients who are on cyclosporine-based immunosuppression, may also consider cyclosporine to tacrolimus switch


     Maximize antimetabolite therapy as tolerated (if patient is not already on maximum dose of mycophenolate mofetil or mycophenolate sodium).


  Suggested prophylactic antibiotics and antiviral therapy following treatment of acute rejection episodes (practice may vary among transplant centers)


     Corticosteroid pulse: Any patient receiving steroid pulse must be given trimethoprim-sulfamethoxazole (TMP-SMX) one tablet daily for 6 to 12 months (dose adjusted for renal function).


     Thymoglobulin: Patients receiving lymphocyte-depleting agent must receive proper prophylaxis with


     TMP-SMX, one tablet daily for 1 year (dose adjusted for renal function). Note: Duration of TMP-SMX prophylactic therapy differs among centers and ranges from 6 to 12 months.


     Valganciclovir 900 mg daily for 6 months (dose adjusted for renal function)


     Nystatin 5 mL swish and swallow 4 times a day for 1 month


  POSTTRANSPLANT IMMUNE MONITORING/SURVEILLANCE


     Suggested anti-HLA immune monitoring protocol is summarized in Table 3-5.


     Patient under desensitization therapy (treatment to reduce preformed anti-HLA antibodies against prospective donor): Posttransplant single-antigen antibody class I and II tests should be performed at days 4 to 5, 2 weeks, 4 weeks, 8 weeks, 6 months, 1 year, and annually thereafter.


     Patients with positive DSA (class I or II or both) at the time of transplant: Posttransplant single-antigen antibody class I and II tests should be performed at 2 weeks, 4 weeks, 8 weeks, 6 months, 1 year, and annually thereafter.


     Highly sensitized patients: Posttransplant single-antigen antibody class I and II tests should be performed at 4 weeks, 6 months, 1 year, and annually thereafter.


     Unsensitized or low-risk patients defined as 0% class I and II panel reactive antibodies (PRAs) and no DSA: Posttransplant single-antigen antibody class I and II tests should be performed at 6 months and annually thereafter.


  
    TABLE 3-5  Suggested Protocol for Posttransplant Donor-Specific Antibody Monitoring in Various Clinical Settings


    
      
        
          	
            Clinical settings

          

          	
            Patients transplanted while under desensitization therapy to immunomodulate DSA

          

          	
            Patients with positive DSA at transplant or Patients with suspected rejection

          

          	
            Highly sensitized patients

          

          	
            Unsensitized patients (no history of DSA)

          
        


        
          	
            DSA monitoring protocol (single-antigen class I/II testing)

          

          	
            Days 4-5

          

          	
            Weeks 2, 4, 8

          

          	
            Week 4

          

          	
            Month 6

          
        


        
          	
            Weeks 2, 4, 8

          

          	
            Month 6

          

          	
            Month 6

          

          	
            Month 12 and annually thereafter

          
        


        
          	
            Month 6

          

          	
            Month 12 and annually thereafter

          

          	
            Month 12 and annually thereafter

          

          	
             

          
        


        
          	
            Month 12 and annually thereafter

          

          	
             

          

          	
             

          

          	
             

          
        

      
    


    Abbreviation: DSA, donor-specific antibody.

  


     Suggested guidelines for the management of anti-HLA DSA positive encountered in different clinical scenarios are summarized in Table 3-3. Although complement-binding DSA (as detected by C1q-binding assays) and IgG3 and IgG4 subclasses have been suggested to be associated with a higher incidence of ABMR, currently, testing for the presence of C1q-binding DSA and/or DSA subclasses is not routinely done in the clinical settings. Table 3-3 summarizes treatment strategies for DSA detected on surveillance (de novo DSA or anamnestic response).
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  KIDNEY TRANSPLANTATION VERSUS DIALYSIS


     Kidney transplantation is the treatment of choice for suitable candidates with end-stage kidney disease (ESKD).


     It confers survival advantage over remaining on dialysis across all ages and in both diabetic and nondiabetic transplant recipients.


     It offers long-term economic benefits compared to dialysis.


     Early referral to a transplant program is advisable. Patients should be informed that referral does not imply immediate transplantation, nor does it indicate they are suitable candidates for kidney transplantation.


     Preemptive transplantation (transplantation before the commencement of dialysis) improves patient and graft survival. It is suggested that transplantation prevents cardiovascular complications associated with long-term dialysis.1


     Studies show that preemptive transplantation is underused.2


     Potential barriers to preemptive transplantation2: late referral to a nephrologist or transplant center, patient denial, lack of patient education on ESKD treatment modalities or living donor transplantation option. The complexity of the transplant evaluation process and misconception by nephrologists have also been suggested to play a contributory role (eg, nephrologists may underestimate the benefits of transplantation over remaining on dialysis in black patients, or “kidney function is severely diminished but “stable”).2


     Identification of potential “modifiable” barriers may improve preemptive transplantation rates.


     In the United States, transplant candidates with an estimated glomerular filtration rate (eGFR) of ≤20 mL/min/1.73 m2 begin to accrue waiting time once they are registered on the deceased donor waiting list. Qualified candidates whose transplant referral occurs after dialysis initiation may accrue waiting time retrospectively (waiting time starts from the day of dialysis initiation).


  KIDNEY TRANSPLANT EVALUATION PROCESS AND GENERAL ASSESSMENT


     Routine assessment of a kidney transplant candidate includes the following:


     Thorough history and physical examination


     Psychosocial evaluation


     Psychiatric evaluation as needed


     Routine laboratory testing and imaging studies (outlined in Tables 4-1 and 4-2)


     Patient education session


     Absolute and relative contraindications to transplantation are outlined in Table 4-3.


  
    TABLE 4-1  Pretransplant Routine Laboratory Testing and Imaging Studies


    
      
        
          	
            Laboratory evaluation

          
        


        
          	
            Comprehensive metabolic panel


            Complete blood count with platelets


            Prothrombin time panel (INR and PTT)


            Urinalysis and urine culture


            Hepatitis B (surface Ag, IgM and IgG core Ab, and surface Ab)


            HCV Ab screening (if positive, check PCR confirmatory test)


            HIV1/HIV2 antibody screen


            CMV-specific IgG


            EBV-VCA IgM/EBNA1 IgG panel


            RPR or VDRL (FTA-ABS confirmatory test if positive RPR or VDRL)


            Iron and iron binding capacity, ferritin


            Type and screen


            Coccidioides IgG/IgM EIA (recommended for patients with history of valley fever or those who live in endemic areas)


            Optional: serum immunofixation electrophoresis if age >60 y old (Currently, routine testing transplant candidates for MGUS is not recommended. However, practice may differ among centers.)

          
        


        
          	
            Special laboratory evaluation

          
        


        
          	
            Hypercoagulability panel in patients with history of recurrent thrombosis or spontaneous fetal losses


            PSA screening for men with family history, obstructive voiding symptoms, or hematuriaa

          
        


        
          	
            Other evaluation

          
        


        
          	
            Electrocardiogram


            Chest x-ray


            PPD skin test or preferably the interferon-γ release assays (QuantiFERON-TB Gold Test)


            Renal ultrasound to assess for acquired cystic disease or mass


            Abdominal ultrasound in diabetics to evaluate for gallstones


            Cardiac evaluation (myocardial perfusion study or stress test with imaging—choice of cardiac studies differ among centers; echocardiogram to assess ejection fraction)


            Colonoscopy screening (see Table 4-2)


            Pap smear and mammogram screening (appropriate for age similar to the general population)


            Urologic evaluation if history of bladder/voiding dysfunction, recurrent urinary tract infections, or history of urologic abnormalities

          
        


        
          	
            Immunologic studies

          
        


        
          	
            Blood group and HLA typing


            Anti-HLA antibodies screening by Luminex technology (see chapter 1)


            Sera for crossmatch

          
        

      
    


    Abbreviations: Ab, antibody; Ag, antigen; CMV, cytomegalovirus; EBNA1, Epstein-Barr nuclear antigen 1; EBV, Epstein-Barr virus; EIA, enzyme immunoassay; FTA-ABS, fluorescent treponemal antibody absorption; HCV, hepatitis C virus; HLA, human leukocyte antigen; IgG, immunoglobulin G; IgM, immunoglobulin M; INR, international normalized ratio; MGUS, monoclonal gammopathy of undetermined significance; PCR, polymerase chain reaction; PPD, purified protein derivative; PSA, prostate-specific antigen; PTT, partial thromboplastin time; RPR, rapid plasma reagin; VCA, viral capsid antigen; VDRL, Venereal Disease Research Laboratory.


    aRoutine screening may be more harmful than protective because it does not appear to confer a survival benefit and may delay listing and decrease transplantation rates (single-center study, n = 3,782 men ≥18 y of age undergoing primary kidney transplant evaluation).

  


  
    TABLE 4-2  Pretransplant Colonoscopy Screening


    
      
        
          	
            For “average-risk” individuals (no family history of colorectal cancer and no risk factors listed in the right column)

          

          	
            For “increased-risk” individuals (defined below)

          
        


        
          	
            •    Most individuals: Screening begins at age 50 y.


            •    African Americans: Screening begins at age 45 y.


            •    Repeat colonoscopy every 10 y if no polyps are found.


            •    Comorbid conditions present (diabetes, obesity, significant smoking, or alcohol use): Consider repeat colonoscopy prior to transplant if >5 y have elapsed.


            •    Patients with a current colonoscopy in the past 10 y may proceed with transplant if preparation was considered high quality by the endoscopist; otherwise, repeat colonoscopy should be considered.

          

          	
            Family history of colon cancer in first-degree relative <60 y at diagnosis


            •    Screening begins 10 y prior to the family member’s age at diagnosis or age 40 y whichever comes first.


            •    If no polyps found: Repeat colonoscopy every 5 y.


            Family history of colon cancer in first-degree relative >60 y at diagnosis


            •    Screening begins at age 50 y.


            •    If no polyps found: Repeat colonoscopy every 10 y.


            •    Comorbid conditions present (DM, obesity, significant smoking, or alcohol use): Consider colonoscopy 10 y prior to the family member’s age at diagnosis or 40 y whichever comes first.


            History of abdominal radiation (>30 Gy)


            •    Screening begins 10 y after radiation exposure or age 35 y whichever comes first.


            •    If no polyps found: Repeat colonoscopy every 10 y.


            Inflammatory bowel disease (IBD) without primary sclerosing cholangitis


            •    Screening begins 8 y after IBD diagnosis (ulcerative colitis and Crohn colitis).


            •    Random biopsies should be taken.


            •    Repeat colonoscopy every 1-2 y.


            Primary sclerosing cholangitis (PSC)


            •    Screening begins at PSC diagnosis.


            •    Random biopsies to evaluate for subclinical IBD


            •    Biopsies show no IBD: Repeat colonoscopy every 5 y.


            •    IBD confirmed on biopsies: Repeat colonoscopy every 1-2 y.


            Familial colon cancer syndromes


            •    Screening begins at various ages dependent on the syndrome.


            Cystic fibrosis


            •    Consider screening at age 40 y.


            •    If no polyps found: Consider repeat colonoscopy every 5 y.

          
        

      
    


    Abbreviation: DM, diabetes mellitus.


    Prenner S, Levitsky J. Comprehensive review on colorectal cancer and transplant. Am J Transplant. 2017;17(11):2761-2774. Recommendations based on U.S. Preventive Services Task Force and American College of Gastroenterology Guidelines.

  


  
    TABLE 4-3  Contraindications to Kidney Transplantation


    
      
        
          	
            Absolute contraindications

          
        


        
          	
            Recenta or active malignancy, metastatic malignancy


            Untreated current infection or ongoing nonhealing ulcers


            Severe irreversible extrarenal disease (eg, severe cardiovascular disease not amenable to intervention or severe pulmonary disease)


            Life expectancy <2 y


            Recalcitrant treatment nonadherence


            Poorly controlled psychiatric illnesses


            Active substance abuse


            Aggressive native kidney diseaseb


            Limited, irreversible rehabilitation potential


            Decompensated liver cirrhosis (unless combined kidney-liver transplantation)


            Primary oxalosis (Consider combined kidney-liver transplantation.)


            Chronic severe and uncorrectable hypotension (may compromise posttransplant graft perfusion potentially leading to graft primary nonfunction)

          
        


        
          	
            Relative contraindications

          
        


        
          	
            Morbid obesity (center dependent, see text)


            Advanced age (center-dependent—consensus on upper age limit is lacking, see text)


            History of multiple myeloma or plasma cell dyscrasia (assess on a case-by-case basis, see text)

          
        


        
          	
            Special considerationsc

          
        


        
          	
            ABO incompatibility


            Positive T-cell crossmatch

          
        


        
          	
            Postpercutaneous coronary intervention (PCI) patients. Transplant surgery not recommended

          
        


        
          	
            Within 4 wk of coronary revascularization with balloon angioplasty


            Within 1 mo of bare metal stent placement


            Within 6 mo of drug-eluting stent (DES) placement (with the newer generation DES)

          
        

      
    


    aPlease see table 4-4


    bSee chapter 8, Glomerular disease recurrence after transplantation.


    cPretransplant preconditioning regimen or desensitization protocols may allow successful transplant across these barriers. Other options: paired donor exchange with or without desensitization, desensitization on waitlist.

  


  EVALUATION BY ORGAN SYSTEM


     Cardiovascular and valvular heart disease (VHD)


     Cardiovascular disease (CVD)/Coronary artery disease (CAD)


     CVD is the leading cause of death after kidney transplantation.


     Deaths with a functioning graft occurring within 30 days after transplantation are due to CAD in nearly half of the cases.3


     Cardiovascular screening


     CVD screening is an essential component of the transplant evaluation process because of the high prevalence of clinically silent CAD among ESKD patients. Ideally, transplant centers should have a designated cardiologist to assist in the evaluation and management of CVD in moderate to moderately high-risk kidney transplant candidates.


     Controversies exist regarding the best strategy for pretransplant assessment and management of CAD to prevent adverse perioperative cardiac events.


     The American Society of Transplantation recommends a cardiac stress test in high-risk renal transplant candidates. High-risk candidates are defined as patients with diabetes mellitus (DM), prior history of CAD, abnormal electrocardiogram, or age of 50 years or older.4


     DM and CVD


     DM is considered a CAD risk equivalent by the Adult Treatment Panel III (ATP III) of the National Cholesterol Education Program (NCEP) guidelines.5


     Data from the Framingham Heart Study/National Heart, Lung, and Blood Institute showed that having DM significantly increased the risk of developing CVD (hazard ratio 2.5 for women and 2.4 for men) and dying when CVD was present (hazard ratio 2.2 for women and 1.7 for men).6


     Diabetic patients with CAD may not develop typical angina symptoms or may be asymptomatic.


     Screening for covert CAD must be considered in all prospective diabetic kidney transplant candidates, particularly among type 1 diabetics.


     Screening strategies


     Noninvasive testing or coronary angiography should be performed based on the individual’s perceived risk of CAD.


     Pharmacologic or nuclear stress test is recommended in dialysis patients who cannot achieve an adequate exercise level.


     Coronary angiography


     American Society of Transplantation: Coronary angiography should be considered only in patients with a positive stress test.4 However, over the years, this strategy has been challenged due to the reduced sensitivity and specificity of noninvasive testing in kidney transplant patients compared with those of the general population.


     A number of transplant centers recommend coronary angiography in high-risk patients (see Figure 4-1).


     There are insufficient data to recommend use of the following for the screening of CAD in kidney transplant candidates as screening tools: single-photon emission computed tomography (CT), positron emission tomography, or electron-beam CT.


     The authors’ proposed algorithm for initial pretransplant cardiac evaluation is shown in Figures 4-1 to 4-2. Continued cardiac surveillance for wait-listed patients is discussed in chapter 6.


  
    

    Figure 4-1  Proposed Algorithm for Initial Pretransplant Cardiac Evaluation
CABG, coronary artery bypass grafting; CAD, coronary artery disease; CHF, congestive heart failure; DM, diabetes mellitus; ECG, electrocardiogram; PCI, percutaneous coronary intervention; SPK, simultaneous pancreas kidney.
aTraditional: hypertension, hyperlipidemia, DM, tobacco use, family history of CAD, age >45 years for male, age >55 years for female.
  

  
    

    Figure 4-2  Abnormal Coronary Angiogram
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery bypass grafting; CAD, coronary artery disease; FFR, fractional flow reserve; MPS, Myocardial perfusion study; PCI, percutaneous coronary intervention.
aDiscussion of revascularization options (i.e. CABG vs. PCI) is beyond the scope of this chapter
  

     Listing is possible (practice may differ among centers):


     Patients undergoing successful revascularization can be listed or transplanted if they also meet the following criteria:


     For patients after coronary artery bypass grafting (CABG): cardiac rehabilitation per the American College of Cardiology/American Heart Association (ACC/AHA) guidelines and at least 6 months post-CABG


     For patients with stable ischemic heart disease after coronary stenting: at least 1 month of dual antiplatelet therapy (DAPT) after bare metal stent placement and at least 6 months of DAPT after drug-eluting stent placement


     For patients with acute coronary syndrome after coronary stenting: at least 12 months of DAPT after bare metal stent or drug-eluting stent placement


     Listing is contraindicated.


     Severe CAD not amenable to percutaneous or surgical revascularization


     Cardiomyopathy with an ejection fraction of < 40% generally precludes kidney transplantation. Referral to cardiology is recommended.


     Combined kidney-heart transplantation may be a therapeutic option for selected patients with severe CAD not amenable to revascularization with percutaneous coronary intervention or CABG and those with severe nonischemic cardiomyopathy. Discussion is beyond the scope of this chapter.


     VHD7


     Valvular calcifications


     Calcified aortic stenosis and VHD are common among patients with ESKD on maintenance dialysis.


     Mitral annular calcification occurs in 10% to 50% of patients with ESKD.


     Aortic valve calcification develops in 25% to 55% of hemodialysis patients and occurs 10 to 20 years earlier than in the general population.


     Calcifications of the tricuspid and pulmonic valves are rare.


     Potential predisposing or risk factors for valvular calcifications: dialysis duration, advanced age, secondary hyperparathyroidism, elevated calcium-phosphorus product, hypercalcemia, and hyperphosphatemia. Other suggested risk factors include hypertension, DM, hyperlipidemia, left ventricular hypertrophy, uremic milieu, and anemia.


     Valvular thickening, or sclerosis, which most commonly involves the aortic and mitral valves, is a frequent finding in hemodialysis patients. Among such patients, aortic and mitral valve sclerosis occur in 55% to 69% and 40% to 60% of individuals, respectively.


     Previously thought to have no clinical significance but has now been recognized as a potential cause for progressive stenosis and cardiovascular mortality


     Management of VHD


     The Kidney Disease Outcomes Quality Initiative (KDOQI) Clinical Practice Guidelines for Cardiovascular Disease in Dialysis Patients recommends following the ACC/AHA guidelines to evaluate dialysis patients for the presence of VHD8:


     Echocardiogram should be performed in patients with suspected VHD.


     Dry weight optimization should be achieved prior to testing to improve accuracy of result interpretation.


     Cerebrovascular and peripheral vascular disease


     Screening for cerebrovascular and peripheral vascular disease


     Routine screening of asymptomatic kidney transplant candidates for cerebrovascular disease is not warranted.


     History of claudication, presence of carotid bruit, abdominal or femoral bruits, or diminished peripheral pulses (femoral, posterior tibialis, or dorsalis pedis) should prompt further evaluation with imaging studies as clinically indicated.


     Adult polycystic kidney disease (APKD) patients with history of headache (or other central nervous system symptoms) or family history of intracranial aneurysm should undergo noninvasive screening with time-of-flight magnetic resonance angiogram (MRA) without gadolinium. Invasive CT angiogram should preferably be performed only when MRA is contraindicated (eg, prior surgical clipping of aneurysm with a magnetic resonance noncompatible clip).


     Diabetic patients with a history of ischemic ulcerations of the lower extremities or claudication symptoms should undergo noninvasive studies with noncontrast CT of the pelvic vasculature. Angiography should be considered if noninvasive studies suggest the presence of large-vessel disease.9


     Special considerations prior to transplantation: Patients on anticonvulsants who have significant drug-drug interactions with calcineurin inhibitors should be referred to neurology to assess whether these medications can be discontinued or replaced with newer generation anticonvulsants that do not interact with calcineurin inhibitors (see chapter 2 for drug-drug interactions).


     Contraindications to transplantation


     Significant aortoiliac disease or history of extensive intra-abdominal arterial reconstructive surgery generally precludes kidney transplantation.


     Significant residual neurologic or cognitive deficits may preclude transplantation due to increased perioperative risk and poor rehabilitation potential.9 Patients with history of recent transient ischemic attack or stroke should be evaluated by a neurologist to assess the risk for recurrent cerebrovascular events.


     Genitourinary system and urologic and surgical evaluation (also discussed in chapter 12)


     Routine basic evaluation


     Urinalysis and urine culture should be performed in all nonoliguric patients.


     All patients should have a baseline renal ultrasound because of the potential for malignant transformation of acquired cystic kidney disease (ACKD). Acquired cystic disease-associated renal cell carcinoma (RCC) is currently recognized by the International Society of Urological Pathology/Vancouver classification of renal neoplasia as a distinct entity of epithelial cell tumors, found exclusively in acquired cystic disease of ESKD10 (suggested screening algorithm for ACKD and renal neoplasms is discussed in chapter 6).


     Voiding cystourethrogram (VCUG) and other urologic procedures are generally not necessary unless there is known congenital anomaly to the kidney and urinary tract (CAKUT) or history of bladder dysfunction or recurrent urinary tract infections.


     Special considerations


     Benign prostatic hypertrophy (BPH)


     BPH may develop outflow tract obstruction after transplantation.


     In nonoliguric ESKD patients with BPH, prostatectomy should be performed prior to transplantation.


     In anuric ESKD patients with BPH, prostatectomy can be postponed until after a successful kidney transplantation. Posttransplant need for indwelling bladder catheter or intermittent self-catheterization may be necessary until prostatectomy can be performed.


     Aberrant anatomy of the collecting system


     Patients with a history of genitourinary abnormalities should be referred to urology.


     Transplantation can be performed in patients whose urinary tract has been diverted into an ileal conduit and cannot be undiverted.


     Surgical evaluation by the transplant center surgeon is warranted in transplant candidates with the following history or conditions:


     Repeat transplants


     History of multiple abdominal surgeries or intra-abdominal adhesions


     Massively enlarged native kidneys in autosomal dominant polycystic kidney disease (APKD) to accommodate the allograft


     The indications for pretransplant nephrectomy are discussed in chapter 12.


     Peripheral vascular disease


     Gastrointestinal disease


     Active peptic ulcer disease should be treated and healed prior to transplantation.


     Colonoscopy should be considered in patients with a history of diverticulitis, particularly in patients with APKD. Surgical resection should be considered in those with extensive disease due to high mortality associated with colonic perforation in the posttransplant period.


     A pretransplant history of pancreatitis increases the risk of posttransplant pancreatitis. Identifiable risk factors should be treated (or modified) prior to transplant. These may include cholelithiasis, alcohol use, dyslipidemia, or hyperparathyroidism. Uncommon or rare causes of posttransplant drug-induced pancreatitis include tacrolimus, azathioprine, and pulse steroid therapy.9


     Pulmonary disease


     Chest x-ray in all patients


     Further testing including pulmonary function tests, computed tomographic scanning, or pulmonary consult should only be performed if clinically indicated.


     Bone and mineral disorders


     Pretransplant parathyroidectomy should be considered in potential transplant candidates with severe persistent hyperparathyroidism refractory to medical therapy and in those with parathyroid adenoma. Management of posttransplant bone and mineral disorder is discussed in chapter 11.


     Cancer screening


     All patients should adhere to standard age, gender, and personal risks appropriate to cancer surveillance. Screening for malignancy in adult kidney transplant candidates should also focus on the kidney and urinary tract, particularly in dialysis-dependent patients. Suggested screening for ACKD and renal neoplasms is discussed in chapter 6. Suggested colorectal cancer screening is shown in Table 4-2.11


  PATIENTS WITH SPECIFIC CONDITIONS


     Malignancy


     Metastatic cancers are contraindications to transplantation.


     Tumor-free waiting period


     Old paradigm: Tumor-free waiting period was fixed and predetermined for each cancer type.


     New paradigm: The advancement in cancer therapy over the past decade has resulted in marked improvement in both clinical course and prognosis of certain cancer types. Hence, tumor-free waiting periods may vary based on tumor grade and stage, its prognosis, response to therapy, and the impact of posttransplant imnnunosuppression on its course.


     General guidelines for tumor-free waiting periods for common malignancies are shown in Table 4-4. It should be noted that evidence-based recommendations are lacking. Oncology evaluation and/or consultation with the Israel Penn International Transplant Tumor Registry at https://ipittr.uc.edu is recommended.


  
    TABLE 4-4  Tumor-Free Waiting Periods for Common Pretransplant Malignanciesa,b


    
      
        
          	
            No waiting time

          
        


        
          	
            Long-standing history of MGUS. Hematology-oncology consult is advisable in patients with newly diagnosed monoclonal gammopathy.

          
        


        
          	
            No waiting time if cure at the time of transplantation

          
        


        
          	
            Incidental renal cell carcinoma; in situ carcinoma of bladder; in situ carcinoma of cervix; basal cell carcinoma

          
        


        
          	
            Waiting time varies with staging, tumor size

          
        


        
          	
            Breast cancer

          

          	
            2-5 y


            2-y waiting time for ductal carcinoma in situ


            Patients with stage III or IV breast cancer should be advised against transplantation.

          
        


        
          	
            Prostate cancer

          

          	
            Old paradigm: 2 y tumor-free waiting time


            Current trendb: Shorter waiting time is acceptable for patients with grade group 1 or 2 prostate cancer (Gleason score ≤6 or Gleason 3 + 4, respectively).

          
        


        
          	
            Renal cell carcinoma

          

          	
            2 y if <5 cm


            5 y if >5 cm or <5 cm with invasion

          
        


        
          	
            Skin squamous cell carcinomab,c (SCC)

          

          	
            Old paradigm: 0-2 y waiting time


            New paradigmd: Low-risk SCC: surgical excision with clear margins or Mohs surgery and no waiting time


            High-risk SCC, no perineural invasion: surgical excision with clear margins or Mohs surgery and 2 y waiting time


            High-risk SCC with perineural invasion: surgical excision with clear margins or Mohs surgery +/− adjuvant radiation therapy and waiting time of 5 y


            High-risk SCC with local nodal disease: surgical excision, lymph node dissection, adjuvant radiation therapy and 5 y waiting time

          
        


        
          	
            Melanomab,c

          

          	
            Old paradigm: 5 y


            New paradigmd: In situ: wide local excision and no waiting time


            Stage Ia: wide local excision and 2 y waiting time


            Stage Ib/IIa: wide local excision and +/− sentinel lymph node biopsy and 2-5 y waiting time


            Stage IIb/IIc: wide local excision and +/− sentinel lymph node biopsy and 5 y waiting time


            Stage III or IV: not a transplant candidate

          
        


        
          	
            PTLD (retransplantation)

          

          	
            At least 1-2 yb (see chapter 15)

          
        


        
          	
            Waiting time 2-5 yb

          
        


        
          	
            2 y waiting time: invasive bladder, uterine body, Wilms tumor


            2-5 y waiting time: lymphoma, invasive cervical carcinoma, colorectal carcinoma (at least 5 y for Dukes B1 or higher)

          
        

      
    


    Abbreviations: MGUS, monoclonal gammopathy of undetermined significance; PTLD, posttransplant lymphoproliferative disorder.


    aCertain cancers may recur despite a tumor-free waiting period.


    bOncology evaluation or consultation with the Israel Penn International Transplant Tumor Registry at https://ipittr.uc.edu may be invaluable.


    cDermatology consultation is recommended.


    dMittal A, Colegio OR. Skin cancers in organ transplant recipients. Am J Transplant. 2017;17(10):2509-2530.

  


     Monoclonal gammopathy of undetermined significance (MGUS)


     Should not preclude transplantation


     Currently, routine testing transplant candidates or recipients for MGUS is not recommended (practice may differ among centers).12


     If a potential organ transplant recipient is known to have MGUS, further testing to evaluate for an active plasma cell disease should follow current MGUS management guidelines.12 Discussion is beyond the scope of this chapter.


     Hypercoagulability states


     Routine coagulation studies should be performed in all patients and should include


     Prothrombin time (PT), international normalized ratio (INR), and partial thromboplastin time (PTT).


     Complete blood count and platelet count.


  


   Special considerations


     Workup for hypercoagulability should be considered in patients with a history of thrombosis, including recurrent vascular access thrombosis or recurrent spontaneous fetal losses.


     Patients with suspected hereditary thrombophilia or history of thrombosis in the absence of acquired risk factors: Testing for activated protein C resistance associated with factor V Leiden mutation, prothrombin G20210A mutation, protein C or protein S deficiency, antithrombin deficiency should be performed.


     All patients with systemic lupus erythematosus: Antiphospholipid antibodies, including lupus anticoagulant and anticardiolipin antibodies, should be performed.


     Obesity


     Complications associated with transplantation


     Increased risk for delayed graft function, surgical complications, wound infection, and dehiscence13


     Increased risk for posttransplantation DM and CVD


     Transplant-listing considerations


     Some centers exclude candidates with a body mass index (BMI) >35 to 40 kg/m2 (BMI cutoff is center dependent), particularly those with central obesity (large pannus).


     Determination of transplant candidacy should be assessed on an individual basis rather than reliance on an absolute BMI index.13


     Obese candidates with comorbid conditions such as known CAD and advanced age are at particularly high risk and may fare better receiving dialysis.


     Preoperative considerations/management


     Patient should be counseled on healthy weight loss (may be difficult to achieve in the dialysis population because of poor exercise tolerance due to concomitant comorbid conditions, postdialysis fatigue, or risk of malnutrition as they are often placed on a restricted “renal diet”).


     Renal transplant–trained dietitian referral is recommended (see chapter 16).


     Morbidly obese candidates may benefit from surgery referral for bariatric surgery.


     However, it should be noted that data are inadequate regarding the safety and efficacy of bariatric surgery in kidney transplant candidates.


     Laparoscopic procedures are generally associated with fewer complications compared with open procedures. Among laparoscopic procedures, the gastric sleeve procedure avoids complication of malabsorption associated with intestinal bypass and complications of band slippage, band erosion, and obstruction associated with gastric banding.14


     Advanced age, frailty, and cognitive impairment


     Upper age limit acceptable for kidney transplantation


     Data for patients age >70 years old are limited. United Network for Organ Sharing (UNOS) transplant database classifies patient into age group “65 years of age or older.15”


     There is no consensus on upper age limit for kidney transplantation.


     Eighty years of age has been suggested to be a sensible biologic limit.


     Transplant candidacy in older patients should be assessed on a case-by-case basis. In addition to careful assessment for the presence of covert CAD, cerebrovascular and peripheral vascular disease, and malignancy screening appropriate for age, assessment for functional and cognitive abilities should be an integral part in the evaluation of older transplant candidates.


     Some programs use functional status, cognitive impairment, and frailty tools to assist in determining transplant suitability among older transplant candidates.


     The Timed Up & Go (TUG) test is used to assess a person’s mobility and requires both static and dynamic balance. It uses the time that a person takes to rise from a chair, walk 3 meters, turn around, walk back to the chair, and sit down.16 A total score of ≥15 seconds has been suggested to be predictive of falls risk.17


     The Montreal Cognitive Assessment (MoCA) test assesses multiple cognitive domains. A total score of <26 is considered abnormal.18


     The Short Physical Performance Battery (SPPB) test combines the results of the balance tests, gait speed, and chair stand (ongoing pilot study at the authors’ institution). It has been used as a tool to assess the physical performance of a patient’s lower extremities. Scores range from 0 (worst performance) to 12 (best performance). A score of <10 was found to be associated with increased all-cause mortality.19


     Special considerations for older transplant candidates


     With the ever-increasing donor organ shortage and prolonged waiting time for a deceased donor kidney in the United States, older patients may not survive to be allocated a kidney. Patients should be encouraged to accept presumed suboptimal deceased donor kidneys (ie, donor kidney with a kidney donor profile index ≥85% or Public Health Service increased-risk donor kidneys; these are also discussed in chapters 6 and 7, respectively).


     Living donor kidney transplantation may offer older transplant candidates the best and most realistic chance of meaningful improved survival and quality of life. Nonetheless, a large age disparity between donor and recipient and the intrinsic limited life span of the recipient may represent a decision-making dilemma for all parties involved. In most cases, the decision is left to the educated informed donor.9 Discussion is beyond the scope of this chapter.


     Candidates with preexisting infectious diseases


     Routine pretransplant screening for infectious disease and infectious disease-related contraindications to transplantation are summarized in Tables 4-1 and 4-2.


     Hepatitis B


     Diagnostic tests for hepatitis B virus (HBV) are shown in Table 4-5. Patients with hepatitis B surface antigen (HBsAg) positive with or without evidence of active viral replication should be referred to hepatology (the latter as assessed by the detection of HBV DNA by reverse transcriptase polymerase chain reaction).


  
    TABLE 4-5  Diagnostic Tests for Hepatitis B and Hepatitis C


    
      
        
          	
            Hepatitis type

          

          	
            Diagnostic tests and interpretation

          
        


        
          	
            Hepatitis B

          

          	
            •    Hepatitis B surface antigen (HBsAg): HBV infection


            •    IgM antibody to hepatitis B core antigen (IgM anti-HBc): acute or recent HBV infection


            •    IgG antibody to hepatitis B core antigen (IgG anti-HBc): chronic or remote HBV infection


            •    Antibody to hepatitis B surface antigen (HBsAb): immunity to HBV (prior infection or through vaccination)


            •    Hepatitis B e-antigen (HBeAg): can persist in carriers and is usually associated with detectable HBV DNA (active viral replication)


            •    HBV DNA (HBV viremia): active replication

          
        


        
          	
            Hepatitis C

          

          	
            •    Anti-HCV: used for initial screening. The third-generation ELISA 3.0 has excellent sensitivity and specificity.


            •    Nucleic acid test for detection of HCV RNA


            •    HCV qualitative


            •    More sensitive than quantitative test


            •    Used to confirm HCV infection in anti–HCV-positive patients


            •    Useful in immunocompromised patients (dialysis patients, transplant recipients)


            •    HCV quantitative


            •    More reproducible than qualitative tests


            •    Used to assess viral load


            •    Useful in monitoring response to therapy


            •    HCV genotyping: may predict response to treatment (helpful in treatment decision)

          
        

      
    


    Abbreviations: ELISA, enzyme-linked immunosorbent assay; HBV; hepatitis B virus; HCV, hepatitis C virus; IgG, immunoglobulin G; IgM, immunoglobulin M.

  


     Patients with HBV infection


     Assessment of severity of liver disease


     Liver biopsy is often indicated to assess the severity of liver disease (grade and stage) because liver enzymes may be spuriously normal in patients with chronic kidney disease despite advanced liver disease.


     Transient elastography (FibroScan) is increasingly being used to assess the severity of fibrosis, but liver biopsy remains gold standard.


     Hepatocellular carcinoma screening with the following studies is recommended every 6 months (particularly in high-risk patients such as those with high HBV viral load, hepatitis B e-antigen [HBeAg] positive, HBsAg positive, Asian or African ethnicity):


     Abdominal ultrasound


     α-Fetoprotein before and after transplant


     Transplant considerations


     Kidney alone transplantation is acceptable after sustained viral response in patients with precirrhosis or compensated liver cirrhosis (defined as absence or mild portal hypertension with hepatic portal venous gradient <10 mm Hg). Hepatology consult is recommended.


     Patients with decompensated liver disease should be referred for combined liver-kidney transplant (CLKT).


     Antiviral therapy considerations


     Transplant candidates with active HBV replication (ie, detectable HBV DNA)


     Initiate antiviral therapy pretransplant.


     Transplant recipients with HBV infection (ie, positive HBeAg or HBsAg)


     All patients should be placed on antiviral therapy after transplantation to avoid HBV reactivation and progression of liver disease associated with the use of immunosuppressive therapy.


     Risk factors for posttransplant progression of HBV-related liver disease: duration of infection, genotype C, higher HBV DNA titer, hepatitis C or hepatitis D coinfection, HIV coinfection, immunosuppressive therapy


     The authors advocate antiviral prophylactic therapy in all HBsAg-positive candidates at the time of transplantation.


     Hepatitis C


     Diagnostic tests for hepatitis C virus (HCV) are shown in Table 4-5. Serologic testing is the initial screening tool for HCV infection. The third generation enzyme-linked immunosorbent assay (ELISA 3.0) has excellent sensitivity and specificity even for patients with CKD. Confirmation of chronic HCV infection requires detection of HCV RNA by reverse transcriptase polymerase chain reaction.


     Patients with HCV infection


     All patients should be referred to hepatology.


     Assessment of severity of liver disease: Liver biopsy is often indicated to assess the severity of liver disease (grade and stage) because liver enzymes may be spuriously normal in patients with chronic kidney disease despite advanced liver disease.


     Transplant considerations


     Kidney alone transplantation is acceptable with HCV treatment in patients with precirrhosis or compensated liver cirrhosis (absence or mild portal hypertension with hepatic portal venous gradient <10 mm Hg). Hepatology consult is recommended.


     Patients with decompensated liver disease should be referred for CLKT.


     Kidney transplantation from hepatitis C–positive donors may be offered to hepatitis C–positive transplant candidates (who are viremic) and who have consented to receive such kidney (informed consent should preferably be obtained at the time of pretransplant evaluation).


     Antiviral therapy considerations


     Active viral replication at the time of transplant has been shown to be associated with a higher incidence of long-term clinical liver disease and worse allograft function and graft survival compared with HCV-positive recipients with persistently negative viremia. The advent of the direct-acting antiviral agents (DAAs) in a ribavirin- and interferon-free regimen should improve outcomes in hepatitis C–positive kidney transplant recipients.20


     In HCV-positive transplant candidate without a living donor, consider delaying DAA therapy until after transplant due to a considerably shorter waiting time for a deceased HCV-positive donor kidney. Nonetheless, among those with advanced fibrosis, treatment before transplant is recommended by experts in the field. In those with mild to moderate fibrosis, treatment can be deferred until after transplant.20


     Note: Of interest, a Markov medical decision analysis model designed to compare the overall outcomes of delayed DAA therapy (option 1) to immediate DAA (option 2) in wait-listed HCV-positive patients suggested that delaying treatment might not be the best option for all HCV-positive transplant candidates. Although option 1 whereby patients were modeled to be transplanted 1 year earlier resulted in higher cumulative transplant incidence than option 2 (54% at 5-year postlisting vs 45%, respectively), option 2 provided 0.43 (95% CI 0.38-0.49) more life years than option 1. Nonetheless, option 1 was preferred for regions with much greater access to HCV-positive organs or in patients with very low HCV-positive-associated mortality.21 Further studies are needed.


     Suggested diagnostic and therapeutic approach in kidney transplant candidates with hepatitis B and hepatitis C is summarized in Figures 4-3 and 4-4.


  
    

    Figure 4-3  Diagnostic and Therapeutic Approach in Kidney Transplant Candidates With Hepatitis B
 HBeAg, hepatitis B e-antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; SVR, sustained viral response. aFibroScan is increasingly being used, but liver biopsy remains gold standard. bSee text. Hepatology consult is recommended.
  

  
    

    Figure 4-4  Diagnostic and Therapeutic Approach in Kidney Transplant Candidates With Hepatitis C
DAAs, direct-acting antiviral agents; HCV, hepatitis C virus. aSuspicion for cirrhosis mandates liver biopsy. bPretransplant DAA with sustained viral response: proceed to living donor transplant or listing for HCV RNA negative kidney. In HCV-positive transplant candidate without a living donor, consider delaying DAAs until after transplant because of a considerably shorter waiting time for a deceased HCV-positive donor.
  

     HIV


     Highly active antiretroviral therapy (HAART) regimen has allowed successful transplantation of stable HIV patients, defined as


     Undetectable HIV viral load.


     CD4 lymphocyte count >200/mm2.


     Absence of opportunistic infections in the previous year.


     Specific recommendations may vary from center to center.


     Clinicians should remain vigilant to significant drug-drug interactions between HAART and immunosuppressive drugs metabolized by CYP450 such as the calcineurin inhibitors and mammalian target of rapamycin (mTOR) inhibitors (see chapter 2).


     Latent tuberculosis (TB)


     All potential kidney transplant candidates should undergo a purified protein derivative (PPD) skin test or preferably the interferon-γ release assays (QuantiFERON-TB Gold test) because the latter has lower false-positive rates.


     A positive skin test or interferon-γ release assay result or a prior history of TB mandates further evaluation to rule out active disease.


     Obtain chest x-ray (part of routine pretransplant workup).


     Isoniazid (INH) prophylaxis for a total of 9 months is recommended for those with evidence of latent TB.


     Clinical, radiologic, or culture evidence of active TB infection is a contraindication to transplantation.


  SPECIFIC KIDNEY DISEASE


     Autosomal dominant polycystic kidney disease (APKD)


     Patients with APKD are generally excellent kidney transplant candidates.


     Indications for screening for intracranial aneurysm are discussed under cerebrovascular disease. Some centers perform noninvasive imaging studies in all patients with APKD.


     Indications for pretransplant native nephrectomy are discussed in chapter 12.


     An increased risk of gastrointestinal complications may occur in patients with diverticular disease (discussed under gastrointestinal disease).


     Disease recurrence after transplantation is discussed in chapter 8. Selected glomerular diseases are discussed below. Patients should be informed of the risk of disease recurrence after transplantation and the risk of graft loss associated with disease recurrence.


     Alport syndrome22


     Patients with Alport syndrome have a genetic abnormality in type IV collagen. Genetic inheritance: X-linked recessive trait (80%), autosomal recessive (15%), autosomal dominant (5%)


     Recurrent Alport syndrome does not occur in the transplanted graft because the donor kidney has a normal glomerular basement membrane (GBM).


     The introduction of normal collagen in the basement membrane of the donor allograft may induce antibody formation to the donor kidney collagen, resulting in de novo anti-GBM glomerulonephritis (occurs in 3%-4% of males)


     X-linked females do not develop posttransplant anti-GBM because they generally carry a normal copy of the affected gene.


     Retransplantation in patients who develop posttransplant anti-GBM is associated with high risk of recurrent anti-GBM disease (up to 90%).


     Fabry disease


     Genetic inheritance: X-linked inborn error with deficiency or defect of lysosomal hydrolase α–galactosidase A (α-Gal A). The enzyme deficiency/defect leads to lysosomal accumulation of globotriaosylceramide in various organs including the kidney (see chapter 5).


     Kidney transplantation is the treatment of choice for patients with Fabry disease who do not have severe systemic disease.


     Fabry disease may recur and progress in the kidney allograft. Disease progression is usually slow, and the major causes of death are due to sepsis and other systemic symptoms.9


     The advent of enzyme replacement therapy with fabrazyme may alter the course of the disease.


     Sickle cell disease (SCD)


     Sickle cell nephropathy is not a contraindication for transplantation.


     Effect of kidney transplantation on survival in patients with SCD


     Kidney transplantation may offer survival advantage over remaining on dialysis for appropriately selected patients without severe systemic complications.


     Survival of transplant recipients with SCD is inferior to that of matched African American recipients without the disease.23


     Survival of SCD transplant recipients is comparable with that of matched diabetic patients.23


     Transplant considerations


     Complications specific to the SCD population


     Higher infection risk due to autosplenectomy


     Increased risk of precipitation of sickle cell crises with anemia correction following a successful transplant


     Increased risk of allograft venous thrombosis, deep vein thrombosis, and vaso-occlusive crises


     Intravenous fluid and partial exchange transfusions may be considered in patients who develop sickle crises.


     Suggested maneuvers to decrease the incidence of posttransplant complications24


     Preoperative blood transfusions to decrease hemoglobin S levels


     Preoperative oxygen supplementation with 40% oxygen


     Pretransplantation warming of the kidney allograft using 37°C saline


     Intraoperative and postoperative dopamine infusion at 4 μg/kg/min


     Recurrent disease in the allograft 3.5 years posttransplant has been reported.24


  END-STAGE KIDNEY DISEASE ASSOCIATED WITH HEMATOLOGIC MALIGNANCY


     Hematology-oncology consult recommended in all cases of ESKD associated with hematologic malignancy


     Amyloidosis


     Amyloid light-chain (AL) amyloidosis (previously known as primary amyloidosis)


     Historically, AL amyloidosis was considered a contraindication to transplantation. The advent of combination therapy with novel proteasome inhibitors has resulted in dramatic improvement in the prognosis of these diseases.


     Currently, kidney transplantation can be considered in selected patients with complete and lasting hematologic remissions.12


     The optimal patient selection criteria and sequencing of therapies in the pre- and posttransplant period to optimize outcomes and reduce risk of recurrent amyloid deposition in the kidney allograft remain to be elucidated.


     Secondary amyloidosis


     Secondary amyloidosis per se is not a contraindication to transplantation.


     Patients with amyloidosis due to familial Mediterranean fever may not tolerate cyclosporine and colchicine combination therapy due to systemic and gastrointestinal symptoms.


     Recurrence of amyloid deposition in the allograft is common due to continued activity of the underlying disease, but graft loss from disease recurrence is uncommon.


     An echocardiogram should be performed in all patients with all forms of amyloidosis to assess the presence and extent of myocardial infiltration. Patients with systemic amyloidosis, particularly those with cardiac involvement may not be candidates due to high mortality.


     Multiple myeloma–related ESKD


     There is currently insufficient data to routinely recommend kidney transplant in patients with ESKD secondary to myeloma kidney. Successful short-term outcomes are limited to case reports.


     Light-chain deposition disease12


     Patients with evidence of long-term remission of the plasma cell disorder may be considered for kidney transplantation.


     C3 glomerulonephropathy (C3GN) associated with an underlying B-cell clone or plasma cell neoplasm12


     Hematologic remission must be achieved before kidney transplantation.


     All patients with C3GN should be seen and evaluated by a hematology-oncology specialist.


     ESKD secondary to cryoglobulinemia associated with plasma cell dyscrasia or lymphoid malignancy12


     Therapy should be directed at the underlying B-cell clone before considering kidney transplantation. It should also be noted that data on kidney transplantation in such patient are lacking.


  HIGHLY SENSITIZED CANDIDATES


     The current kidney allocation system grants prioritization points to highly sensitized transplant candidates. Nonetheless, patients should be forewarned of the possibility of a prolonged waiting time.


     Maneuvers to increase transplant rates among highly sensitized patients may include paired exchange transplantation in patients with potential living donors, paired exchange combined with desensitization, or desensitization on the waiting list.


     The approach to the highly sensitized kidney transplant candidate may differ among transplant centers and is generally assessed on a case-by-case basis.


  EVALUATION OF PATIENTS FOR A REPEAT TRANSPLANT


     General evaluation process is similar to that for a primary or first transplant.


     Determination of cause of previous graft loss: It is important to know the cause of graft loss of the previous transplant to optimize outcome of the subsequent graft.


     Graft loss due to disease recurrence


     Graft loss due to disease recurrence may predict recurrence in subsequent graft.


     Precautions must be taken to reduce disease recurrence whenever applicable.


     Disease recurrence in allograft is discussed in chapter 8.


     Early graft loss due to acute rejection episodes: A thorough immunologic evaluation to identify human leukocyte antigen (HLA) and non-HLA antibodies is mandatory.


     Graft loss due to BK nephropathy25: Patients can safely undergo retransplantation (preferably following BK viral clearance).


     Graft loss due to medical nonadherence should not be overlooked.


     Graft loss due to surgical complications: Patients whose allograft failed due to surgical complications or those whose graft functioned for more than a year have a prognosis that is not significantly different from patients with primary transplants. However, the prognosis of those who become highly sensitized as a result of a prior failed transplant may be less optimal (discussion is beyond the scope of this chapter). Maneuvers to increase transplant rates among highly sensitized patients were previously discussed.


     Special considerations


     Early referral is recommended. Similar to primary transplants, preemptive transplant of a second or subsequent grafts may improve patient and graft survival compared with remaining on dialysis.


     If graft loss occurred within the first 90 days posttransplant, patients can regain their original waiting time on the UNOS waitlist and be relisted if medically cleared.


     Attention should be paid to the possibility for the development of covert CAD and malignancy among re-allograft candidates on long-term immunosuppression.
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  Living kidney donation for transplantation is currently common practice. This chapter provides general guidelines for evaluating a potential living donor candidate. Practice may vary among centers. However, the universal goals are to minimize immediate and future physical and psychosocial health risks to both the prospective donor and recipient.


  GENERAL EVALUATION


     Initial health screen: All prospective donors are screened over the phone or through an online, confidential, Web-based questionnaire to ensure there are no absolute contraindications to living donation. Typical screening questions include age, height and weight to determine body mass index (BMI), history of diabetes, hypertension (HTN), kidney stones, hypercoagulability, psychiatric illnesses and substance use, and significant family history of kidney disease among others.


     Appointment for full evaluation: If the phone or online screen does not reveal any absolute contraindications, prospective donors are scheduled for a psychosocial, medical, and surgical evaluation at the transplant center.


     Figure 5-1 summarizes the stepwise approach to the evaluation and workup of potential living kidney donors.


  
    

    Figure 5-1  Stepwise Approach to the Evaluation and Workup of Potential Living Kidney Donors
CT, computed tomography. aPsychosocial and medical evaluation (1 and 2) can be performed the same day → If “cleared,” proceed to surgical evaluation (3). bSee Table 5-4.
  

     Psychosocial assessment: major components


     Transplant programs are required to appoint an independent living donor advocate (ILDA) to support potential donors throughout the process and to promote donor understanding of the informed consent including the risks and benefits of donation.


     The ILDA can be a social worker, nurse, psychologist, or physician (in many programs the social worker functions as the ILDA).


     The qualification, training requirement, and role of the ILDA set forth by the Organ Procurement Transplantation Network (OPTN) and the American Society of Transplantation (AST) Living Donor Community of Practice Committee1 are summarized in Table 5-1.


  
    TABLE 5-1  Qualification, Training Requirement, and Role of the Independent Living Donor Advocate Set Forth by the Organ Procurement Transplantation Network and American Society of Transplantation Living Donor Community of Practice Committee


    
      
        
          	
            OPTN

          

          	
            AST Living Donor Community of Practice

          
        


        
          	
            Functions independently from the transplant candidate’s team


            Advocates for the rights of the living donor


            Reviews whether the living donor has received information on each of the following areas:


            •    Informed consent


            •    Evaluation process


            •    Surgical procedure


            •    Medical and psychosocial risks


            •    Follow-up requirements


            Assists the donor in obtaining additional information from other professionals as needed

          

          	
            The ILDA must


            •    Have a certain skill set rather than a specific profession.


            •    Be educated and demonstrate competence in core knowledge components.


            •    Assess components of informed consent.


            •    Have a reporting structure outside the transplant center.


            •    Integrate his or her role throughout the donor care continuum.


            •    The ILDA role should include a narrow “veto power.”


            Centers must develop a transparent system to define ILDA independence.

          
        

      
    


    Abbreviations: AST, American Society of Transplantation; ILDA, independent living donor advocate; OPTN, Organ Procurement Transplantation Network.

  


     Psychosocial evaluation should be performed by the transplant center psychiatrist or social worker who has no personal or clinical relationship with the recipient.


     Address protection of donor’s confidentiality.


     Assess donor’s motivation and capacity:


     Inform donor of option “not to donate” and ensure confidentiality.


     Exclude coercion or secondary gain (eg, monetary or other secondary personal gain).


     Assess donor’s ability to make decision (confirm full capacity to give informed consent).


     Assess donor’s accurate knowledge of


     Recipient’s health risk (physical and mental benefits).


     Donor’s health risk (physical and mental).


     Donation process.


     Evaluate sociodemographic history and current status:


     Assess adequacy of social and financial support.


     Explore history of substance abuse.


     Evaluate underlying psychiatric disorders (stability, risk of recurrence after donation).


     Discuss possible outcomes:


     Psychological benefits after a successful transplantation (increased self-esteem)


     Resentment and depression after an unsuccessful transplantation


     Covert depression or anxiety with altruistic donor due to the lack of knowledge of transplant outcome


     Psychosocial contraindications


     Presence of any significant psychiatric problem


     Possibility of coercion


     Medical evaluation


     Complete history and physical examination


     Suggested routine evaluation and optional testing are listed in Table 5-2.


  
    TABLE 5-2  Suggested Routine Evaluation and Optional Testinga


    
      
        
          	
            Laboratory tests

          
        


        
          	
            ABO blood group, HLA tissue typing, crossmatch testing


            Urinalysis and urine culture


            24-h urine for albumin, protein,b and creatinine clearance (or GFR determination by nuclear medicine test)


            CBC with platelets, INR, and PTT


            Comprehensive metabolic panel (electrolytes, transaminase levels, albumin, bilirubin, calcium, phosphorous, alkaline phosphatase, fasting blood glucose)


            Fasting lipid profile


            Serologies: hepatitis B (surface Ag, IgM and IgG core Ab, and surface Ab), HCV Ab screening (if positive, check PCR confirmatory test),c HIV1/HIV2 antibody screen,c CMV, EBV, HSV, West Nile antibodies (IgG and IgM), RPR or VDRL (FTA-ABS confirmatory test if positive RPR or VDRL), Strongyloides, stercoralis antibodies


            Geographic residence or environmental exposure that may require additional testing: coccidioidomycosis, schistosomiasis, malaria, HHV-8, HHV-6, Trypanosoma cruzi


            Women <55 y: human chorionic gonadotropin quantitative pregnancy test


            Prospective donors >60 y: serum protein electrophoresis and serum immunofixation electrophoresis


            African Americans: hemoglobin electrophoresis (to rule out sickle cell trait)

          
        


        
          	
            Other tests

          
        


        
          	
            Electrocardiogram


            Chest x-ray


            Pap smear appropriate for age similar to the general population


            Mammogram appropriate for age similar to the general population


            Renal imaging: spiral CT, CT angiogram, or magnetic resonance angiogram

          
        


        
          	
            Further testing depending on age, history, abnormal laboratory findings, family history

          
        


        
          	
            Cardiac screening: exercise treadmill or nuclear medicine stress test, echocardiogram


            Colonoscopy for prospective donors ≥50 y


            24-h ambulatory blood pressure monitoring


            Renal biopsy


            Cystoscopy


            PPD skin test or QuantiFERON-TB Gold test


            Screening for hypercoagulability


            Oral glucose tolerance test in patients with family history of diabetes or in those with risk factors for diabetes (see text)


            PSA screening for men with family history at the discretion of the clinician (routine screening may be more harmful than protective)


            African Americans: screening for APOL1 G1/G2 mutation (see text)

          
        

      
    


    Abbreviations: APOL1, apolipoprotein L1; CBC, complete blood count; CMV, cytomegalovirus; CT, computed tomography; EBV, Epstein-Barr virus; FTA-ABS, fluorescent treponemal antibody absorption test; GFR, glomerular filtration rate; HCV, hepatitis C virus; HHV-6, human herpesvirus 6; HHV-8, human herpesvirus 8; HLA, human leukocyte antigen; HSV, herpes simplex virus; IgG, immunoglobulin G; IgM, immunoglobulin M; INR, international normalized ratio; PCR, polymerase chain reaction; PPD, purified protein derivative; PSA, prostate-specific antigen; PTT, partial thromboplastin time; RPR, rapid plasma reagin; VDRL, Venereal Disease Research Laboratory test.


    aCriteria may differ among centers.


    bKidney Disease: Improving Global Outcomes guidelines recommend that donor proteinuria should be measured as albuminuria, not total urine protein. In the authors’ opinion, both urine albumin and total protein should be measured because the former does not detect light chain immunoglobulins.


    cAnti-HIV1/HIV2 antibody screen (or HIV antigen/antibody [Ag/Ab] combination assays) as close as possible but within 28 days prior to organ recovery and HCV RNA by nucleic acid testing (NAT) as close as possible but within 28 days prior to organ recovery.

  


     Absolute and relative contraindications to living kidney donation are shown in Table 5-3.


  
    TABLE 5-3  Absolute and Relative Contraindications to Living Kidney Donation (criteria may vary among centers)


    
      
        
          	
            Absolute contraindications (opinion based)

          

          	
            Relative contraindications

          
        


        
          	
            •    Evidence of kidney disease (GFR <80 mL/min/1.73 m2 and/or microalbuminuria ≥30 mg/24 h [or equivalent]) (see relative contraindication regarding KDIGO guideline). Historically, at the authors’ center overt proteinuria >250 mg/d was used to preclude donation.


            •    Significant renal or urologic abnormalities


            •    Transmissible infectious disease (HIV, hepatitis B or hepatitis C infection, Trypanosoma cruzi infection, or Chagas disease [see text])


            •    Active malignancy


            •    Chronic illness that places patient at significant risk of undergoing surgery


            •    Poorly controlled psychiatric illness or active substance abuse


            •    Cognitive deficit


            •    Current pregnancy


            •    Hypertension (clinically significant)


            •    Diabetes mellitus


            •    Recurrent nephrolithiasis or bilateral stones


            •    History of thrombotic disorders with risk factors for future events or inherited hypercoagulable stress (eg, the presence of anticoagulant or anticardiolipin antibody, factor V Leiden, or prothrombin gene mutation FII-20210)


            •    High suspicion for covert coercion


            •    BMI >30-35 kg/m2 (center dependent)


            •    Urologic abnormalities of donor kidney

          

          	
            •    Age <18 y (seldom performed) or >70 y (need to evaluate on a case-by-case basis)


            •    Borderline or mild hypertension


            •    Borderline urinary abnormalities in the absence of renal function impairment


            •    Single prior episode of kidney stone without evidence of secondary risk (see text and Table 5-4)


            •    Obesity (center dependent, generally defined as BMI >30 kg/m2)


            •    Metabolic syndrome and fatty liver (must resolve or demonstrate significant improvement through lifestyle changes before donation)


            •    Young donor with risk factors for future development of diabetes mellitus


            •    Jehovah’s Witness


            •    African Americans with two mutated alleles of APOL1 G1/G2


            •    Sickle cell trait (Sickle cell trait is considered as an absolute contraindication to living donation at some centers.)


            •    Cigarette smokers (must stop at least 4 wk prior to surgery to decrease pulmonary complications). At some centers, current cigarette smoking is considered a contraindication to donation.


            •    KDIGO guidelines for GFR between 60 and 89 mL/min/1.73 m2 and/or AER between 30 and 100 mg/d: Decision should be individualized based on demographic and health profile in relation to the transplant center’s acceptance risk threshold.


            •    T. cruzi infection (Chagas disease, see text)

          
        

      
    


    Abbreviations: AER, albumin excretion rate; APOL1, apolipoprotein L1; BMI, body mass index; GFR, glomerular filtration rate; KDIGO, Kidney Disease: Improving Global Outcomes.

  


     Glomerular filtration rate (GFR) evaluation: 2017 Kidney Disease: Improving Global Outcomes (KDIGO) Clinical Practice Guidelines2,3


     Donor kidney function should be expressed as GFR and not as serum creatinine concentration.


     GFR should be expressed in mL/min/1.73 m2 rather than mL/min.


     Two-stage GFR testing in all donor candidates


  1.  Initial testing


     Donor GFR should be estimated from serum creatinine (eGFR[Cr]).


  2.  Confirmatory testing using one or more of the following measurements, depending on availability


     Measured GFR (mGFR) using an exogenous filtration marker, preferably urinary or plasma clearance of inulin, iothalamate, chromium-51 ethylenediaminetetraacetic acid (51Cr-EDTA), iohexol, or technetium-99m diethylenetriaminepentaacetic acid (99mTc-DTPA) (Currently, DTPA is rarely used and has been replaced by technetium-99m mercaptoacetyltriglycine [99mTc-MAG3].)


     Measured creatinine clearance (mCrCl)


     Estimated GFR (eGFR) from the combination of serum creatinine and cystatin C (eGFR[Cr-Cys])


     Repeat eGFR from serum creatinine (eGFR[Cr])


     If there are parenchymal, vascular, or urologic abnormalities, or asymmetry of kidney size on renal imaging, single-kidney GFR should be assessed using radionuclides or contrast agents that are excreted by glomerular filtration (eg, 99mTc-MAG3).


     KDIGO inclusion and exclusion criteria for donation2,3


     GFR ≥90 mL/min/1.73 m2: acceptable for kidney donation


     GFR <60 mL/min/1.73 m2: not acceptable for donation


     GFR 60 to 89 mL/min/1.73 m2: Decision should be individualized based on demographic and health profile in relation to the transplant center’s acceptance risk threshold.


     When asymmetry in GFR, parenchymal abnormalities, vascular abnormalities, or urologic abnormalities are present but do not preclude donation, the more severely affected kidney should be used for donation.


     Authors’ center


     GFR determination in all donor candidates


     Chronic kidney disease epidemiology collaboration equation (CKD-EPI) creatinine using standardized assays


     Twenty-four-hour urine creatinine clearance in mL/min/1.73 m2 (may overestimate GFR because of creatinine secretion)


     Exclusion criteria at the authors’ center (and at most transplant centers)


     GFR of <80 mL/min/1.73 m2 (or inappropriately low for age or gender)


     A projected postdonation GFR of <40 mL/min/1.73 m2 at 80 years of age


     Proteinuria/albuminuria


     Routine urinalysis dipstick (RUA) versus spot urine protein-to-creatinine ratio (UPC)


     The use of RUA to detect proteinuria has limitations4:


     RUA is sensitive in detecting tubular proteins and albumin but not light chain immunoglobulins.


     The total protein concentration detected varies with the degree of urinary concentration, not necessarily the severity of proteinuria.


     Spot UPC ratio detects all types of proteins and reduces variations due to urinary concentrating status. Patients with elevated UPC but negative albuminuria may have tubular proteinuria, light chain proteinuria, or urinary tract abnormalities.


     Twenty-four-hour urine protein detects all types of proteins and remains the gold standard for quantitation of proteinuria. Concurrent measurement of urine creatinine is necessary to assess for collection adequacy (generally 20 mg/kg/d; ±5-10 mg/kg/d; adjustment may be estimated based on gender, age, and muscle mass).


     Transient causes of proteinuria should be ruled out (eg, urinary tract infection [UTI], fevers, and vigorous exercise).


     Orthostatic proteinuria (elevated urine protein with assumption of the upright posture and normal protein excretion during recumbency) is a benign condition that can be seen in adolescents and young adults. Its presence does not necessarily preclude donation and should be assessed on a case-by-case basis. The presence of microalbuminuria should preclude donation.


     2017 KDIGO Clinical Practice Guidelines2


     Donor proteinuria should be measured as albuminuria, not total urine protein.


     Initial screening should be performed using urine albumin-to-creatinine ratio (ACR) in a random urine specimen.


     Albuminuria should be confirmed using albumin excretion rate (AER, mg/d) in a timed urine specimen. Repeat ACR if AER cannot be obtained.


     KDIGO inclusion and exclusion criteria for donation2


     Urine AER <30 mg/d: acceptable for donation


     Urine AER >100 mg/d: not acceptable for donation


     AER 30 to 100 mg/d: Decision should be individualized based on demographic and health profile in relation to the transplant program’s acceptable risk threshold. The KDIGO expert panel has not excluded candidates solely on the basis of AER 30 to 100 mg/d because estimated projected predonation lifetime risk of end-stage kidney disease (ESKD) in older patients with AER in this range is very low in the absence of decreased GFR and other health risk factors.


     Authors’ center


     Albuminuria ≥30 mg/d: donation not advisable (Historically, proteinuria >250 mg/d was used to preclude donation.)


     Isolated microscopic hematuria


     Repeat and confirm urinalysis for hematuria:


     Obtain clean catch specimen.


     Obtain nonmenstruating specimen in nonmenopausal menstruating women.


     False-positive dipstick for “blood” in the urine


     Contaminated samples


     Myoglobinuria


     Hemoglobinuria


     Medical history to consider: UTI (including tuberculosis), stones, tumors, and family history of renal disease


     2012 American Urological Association recommendations for evaluation of asymptomatic microhematuria include


     Assessment of risk factors for urinary tract malignancies (irritative voiding symptoms, chemical exposures, current or past tobacco use).


     Radiologic evaluation (multiphasic computed tomography [CT] urography with and without contrast, or magnetic resonance urography) and cystoscopy in patients aged 35 years or older regardless of history of anticoagulation therapy.


     Isolated microscopic hematuria without evidence of urologic, or renal function, or anatomical abnormalities is not an absolute contraindication to donation. One-third of transplant centers surveyed in the United States are willing to accept prospective donor candidates with isolated microhematuria, a negative urologic evaluation (which may include cystoscopy), and a normal kidney biopsy.5


     Young adults with isolated urinary abnormalities should be excluded from donation.


     2017 KDIGO Clinical Practice Guidelines2


     Donor candidates should be assessed for microscopic hematuria.


     Donor candidates with persistent microscopic hematuria should undergo testing to identify possible causes, which may include


     Urinalysis and urine culture to assess for infection.


     Cystoscopy and imaging to assess for urinary tract malignancy.


     Twenty-four-hour urine stone panel to assess for nephrolithiasis and/or microlithiasis.


     Kidney biopsy to assess for glomerular disease (eg, thin basement membrane nephropathy [TBMN], early immunoglobulin A (IgA) nephropathy, and Alport syndrome).


     KDIGO inclusion and exclusion criteria for donation2


     Donor candidates with hematuria from a reversible cause that resolves (eg, a treated infection) may be acceptable for donation.


     Donor candidates with IgA nephropathy, high genetic risk, abnormal urologic evaluation, or abnormal 24-hour urine stone evaluation should not donate.


     Pyuria and/or bacteriuria


     The urine test should be repeated after proper urine collection instructions.


     Common causes of pyuria should be ruled out.


     UTI


     UTI and asymptomatic bacteriuria are more common in women.


     UTI is uncommon in males except among individuals older than 60 years due to prostatic hypertrophy.


     Pyuria is the best determining factor of bacteriuria requiring therapy.


     Persistent sterile pyuria


     Further evaluation to rule out urinary fungal infection or renal tuberculosis is required.


     Obtain three morning urine specimens for acid-fast bacilli cultures.


     If no obvious etiology is found, consider performing a kidney biopsy to rule out interstitial nephritis or chronic pyelonephritis.


     Renal tuberculosis, interstitial nephritis, or chronic pyelonephritis is a contraindication to donation.


     The kidney evaluation “checklist” is summarized in Table 5-4.


  
    TABLE 5-4  The Kidney Evaluation Checklist


    
      
        
          	
            Kidney evaluation components

          

          	
            Contraindications to donation (authors’ center)

          

          	
            KDIGO guidelines

          
        


        
          	
            •    eGFR assessment (mL/min/1.73 m2) CKD-EPI creatinine, 24-h urine CrCl


            •    Assessment for proteinuria, albuminuria


            •    Assessment for microhematuria: urinalysis and urine microscopy to rule out false-positive urine dipstick (myoglobinuria, hemoglobinuria)


            •    Pyuria, bacteriuria: Common causes of pyuria should be ruled out. Persistent sterile pyuria requires further evaluation to rule out fungal infection or renal tuberculosis.


            •    Kidney stones


            •    Obtain history of hereditary renal disease.


            •    Assessment of kidney size, parenchymal and collecting system anatomy, and vascular anatomy: CT urogram and CT angiogram

          

          	
            •    eGFR <80 mL/min/1.73 m2 or inappropriately low for age or gender


            •    Albuminuria ≥30 mg/d (historically proteinuria >250 mg/d was used to preclude donation)


            •    Young adults with isolated urinary abnormalities


            •    Other renal factors that contraindicate donation:


            IgA nephropathy, high genetic risk, abnormal urologic evaluation, or abnormal 24-h urine metabolic evaluation for stone

          

          	
            •    Contraindication to donation


            •    eGFR <60 mL/min/1.73 m2


            •    Urine AER >100 mg/d


            •    Evaluate on a case-by-case basis based on demographic and health profile


            •    eGFR between 60 and 89 mL/min/1.73 m2


            •    Urine AER 30-100 mg/d


            •    Other renal factors that contraindicate donation:


            IgA nephropathy, high genetic risk, abnormal urologic evaluation, or abnormal 24-h urine metabolic evaluation for stone

          
        

      
    


    Abbreviations: AER, albumin excretion rate; CKD-EPI, chronic kidney disease epidemiology collaboration equation; CrCl, creatinine clearance; CT, computed tomography; eGFR, estimated glomerular filtration rate; IgA, immunoglobulin A.

  


  EVALUATION FOR SPECIFIC CONDITIONS


     Diabetes mellitus (practice may vary among centers)


     Obtain fasting plasma glucose in all patients.


     2-hour 75-g oral glucose tolerance test (OGTT) and hemoglobin A1C (A1C) if fasting blood sugar (FBS) is between 100 and 125 mg/dL. For prospective donors with normal FBS, OGTT and A1C should be considered if risk factors (defined in the following text) are present:


     History of gestational diabetes or large birth weight (>9 lb at delivery)


     First-degree relative with type 2 diabetes


     Donors younger than 40 years of age with a second-degree relative with type 2 diabetes


     High-density lipoprotein (HDL) level ≤35 mg/dL


     Blood pressure >140/90 mm Hg


     BMI >30 kg/m2


     Fasting triglyceride ≥250 mg/dL


     Prospective donors with risk factors should be counseled that they are at risk for future diabetes. Patients should be counseled on regular medical follow-up after donation.


     AST Living Donor Community of Practice6


     Prediabetes increases future risk for diabetes-associated kidney disease in the donor.


     Potential donors with diabetes mellitus are excluded from donation per United Network for Organ Sharing (UNOS).


     Potential donors with prediabetes need to make lifestyle changes including diet change and increased exercise and weight loss to normalize glucose metabolism and reduce future diabetes risk.


     KDIGO inclusion and exclusion criteria for donation2


     Donor candidates with type 1 diabetes should not donate.


     Donor candidates with prediabetes or type 2 diabetes


     Decision for kidney donation should be individualized based on demographic and health profile in relation to the transplant program’s acceptable risk threshold.


     Donor candidates should be counseled that their condition may progress over time and may lead to end-organ complications.


     Hypertension (HTN)


     Blood pressure measurements


     Should be done on three separate occasions


     Elevated blood pressure requires further evaluation with ambulatory blood pressure monitoring to exclude white-coat HTN.


     Echocardiogram may be considered to evaluate for cardiac hypertrophy in patients with borderline high blood pressure, chest x-ray findings suggestive of cardiomegaly, or electrocardiogram (ECG) findings suggestive of left ventricular hypertrophy.


     A history of mild HTN may be acceptable for donation if (opinion based)


     The prospective donor is not African American.


     >50 years of age without evidence of microalbuminuria or end-organ damage (eg, hypertensive retinopathy, left ventricular hypertrophy)


     Normal GFR for age


     Blood pressure well controlled with lifestyle and behavioral modifications or use of no more than a single antihypertensive agent


     AST Living Donor Community of Practice6


     Medical evaluation of potential donors suspected to have HTN should include


     Ambulatory blood pressure monitoring.


     Evaluation of end-organ damage (eg, retinal evaluation, echocardiogram).


     Caucasian donors with preexisting HTN should not be precluded from donation if the following criteria are met.


     HTN is well controlled per Amsterdam guidelines.


     Candidates are reliable and agree to long-term follow-up.


     Living donation among young African Americans with HTN is generally discouraged due to their possible genetic predispositions to ESKD and higher rates of ESKD.


     2017 KDIGO Clinical Practice Guidelines2


     Donor candidates with HTN that can be controlled to systolic blood pressure <140 mm Hg and diastolic blood pressure <90 mm Hg using one or two antihypertensive agents, who do not have evidence of end-organ damage, may be acceptable for donation.


     Donor candidates should be informed that


     Blood pressure may rise with aging.


     Donation may accelerate the rise in blood pressure and the need for antihypertensive treatment over that expected with normal aging and among those with high-normal blood pressure before donation (particularly in African Americans).


     Antihypertensive medication is more likely to be prescribed after donation.


     Obesity


     Associated risks for donors with obesity


     Increased risks for surgical complications


     Increased risks for future medical problems (eg, diabetes, HTN, cardiovascular disease, nephrolithiasis, obesity-related glomerular disease with associated albuminuria or proteinuria, and ESKD)


     Analysis of the Scientific Registry of Transplant Recipients (SRTR) database consisting of 119,769 live kidney donors in the United States demonstrated that donor obesity (defined as BMI >30 kg/m2) was independently associated with increased risk for ESKD 20 years after donation (adjusted for age, sex, ethnicity, blood pressure, estimated glomerular filtration rate, and relationship to patient).7


     Approximately 94 obese and 40 non-obese living donors per 10,000 developed ESKD within 20 years of kidney donation.


     For each one unit increase in predonation BMI above 27 kg/m2, there was an associated 7% increased risk of ESKD postdonation.


     Relative risk for developing ESKD is threefold for a BMI between 30 and 35 kg/m2 and nearly fivefold for a BMI between 35 and 40 kg/m2.


     Special considerations for the obese donors


     Obese potential donors should be encouraged to lose weight through lifestyle changes before donation (exercise and dietary modification).


     UNOS recommends evaluation for other metabolic abnormalities and potential risk for cardiovascular complications at the time of and after donor surgery.


     Donor candidates with history of bariatric surgery should be assessed for kidney stone risk.


     Contraindication


     BMI >30 to 35 kg/m2 at most centers (>32 kg/m2 at authors’ center)


     Note: Waist-to-hip ratio may be a better risk predictor than BMI (especially cardiovascular risk).


     Donor with a history of stones


     Donor candidates with current or prior stones should be assessed for the underlying cause(s) and stone recurrence risk (eg, stone metabolic evaluation).


     Stone recurrence risk should be considered in the evaluation process


     Higher lifetime recurrence risk: age <40 years, family history of kidney stones, and frequent, recurrent kidney stones


     Lower lifetime recurrence risk: age ≥40 years, no prior symptoms of kidney stones, kidney stone <15 mm, solitary, and unilateral


     In general, the following are acceptable donors (AST Living Donor Community of Practice)6:


     Candidates with small incidental stones (<2 to 3 mm) and negative metabolic stone evaluation


     Candidates with a distant history of a single passed stone without recurrent stone on imaging and negative metabolic evaluation


     Inclusion and exclusion criteria for donation in prospective candidates with history of kidney stones are summarized in Table 5-5.


  
    TABLE 5-5  Prospective Donors With History of Kidney Stones


    
      
        
          	
            Kidney donation acceptable

          

          	
            Contraindications to donation if one or more of the following risk factors are present:

          
        


        
          	
            •    Distant history of stone (>10 y) without metabolic abnormalities associated with stone formation (eg, hypercalcemia, hyperuricemia, hyperoxaluria, hypocitraturia, or metabolic acidosis)


            •    Current asymptomatic single stone if:


            •    Stone is <1.5 cm or potentially ureteroscopically removable from explanted donor kidney (before transplantation).


            •    Further evaluation must reveal no evidence of metabolic abnormalities, urinary tract infection, or nephrocalcinosis.


            •    Single stone episode associated with treated primary hyperparathyroidism and normocalcemia does not necessarily preclude donation (must evaluate on a case-by-case basis).


            AST Living Donor Community of Practice Guideline


            The following are considered acceptable for donation:


            •    Incidental stones (<2-3 mm) and negative metabolic stone evaluation


            •    Candidates with a distant history of a single passed stone without recurrent stone on imaging and negative metabolic evaluation

          

          	
            •    Cystinuria


            •    Sarcoidosis


            •    History of struvite stones


            •    Inflammatory bowel disease


            •    Evidence of nephrocalcinosis


            •    Primary or enteric hyperoxaluria


            •    History of bilateral stones, multiple stones, recurrent stones despite preventive therapy

          
        

      
    


    Online calculator that may be used to predict stone recurrence: http://www.qxmd.com/calculate-online/nephrology/recurrence-of-kidney-stone-roks.


    Abbreviation: AST, American Society of Transplantation.

  


     Kidney donors with small incidental kidney stones (2 to 3 mm) have been shown to have a low incidence of stone events, 0 to 2% at 2 years follow-up compared with 23% at 2.6 years follow-up in the general population. This lower rate of stone recurrence may reflect the more favorable makeup of the eligible donors (eg, absence of obesity or metabolic syndrome) and/or more motivated and healthy lifestyle.


     Donors should be left with the stone-free kidney.


     Hyperuricemia and gout


     Donor candidates should be informed that donation is associated with an increase in serum uric acid concentration, which may increase the risk for gout.


     Prospective donors with prior episodes of gout should be counseled on methods to reduce future gout attacks.


  HEREDITARY RENAL DISEASE


     Autosomal dominant polycystic kidney disease (APKD)


     Most commonly encountered hereditary renal disease


     Diagnostic criteria are age and genotype dependent (ie, polycystic kidney disease 1 or 2 [PKD1 or PKD2]).8


     PKD1


     Younger than 30 years of age: ≥1 cysts in each kidney or ≥2 cysts in one kidney


     30 to 59 years of age: ≥2 cysts in each kidney


     >60 years of age: ≥4 cysts in each kidney


     PKD2


     May present later in life, and the use of PKD1 diagnostic criteria may lead to false-negative results. Asymptomatic patients at risk for PKD from families with known and well-characterized pathogenic mutations in the PKD2 locus, testing for the known mutation is more definitive than ultrasound.


     At risk but unknown familial genotype8


     Between 15 and 39 years of age: at least three unilateral or bilateral kidney cysts (specificity and positive predictive value: 100%; sensitivity: 82% for age group 15-29 years and 96% for age group 30-39 years)


     40 to 59 years of age: ≥2 cysts in each kidney (sensitivity, specificity, positive predictive value of 90%, 100%, and 100%, respectively)


     60 years or older: ≥4 cysts in each kidney (sensitivity and specificity: 100%)


     Ultrasound screening is acceptable for prospective donors older than 30 years of age.


     Magnetic resonance imaging (MRI)-based criteria for disease exclusion in at-risk individuals younger than 40 years of age: The finding of <5 cysts is sufficient for disease exclusion.


     For prospective donors at-risk for PKD (positive family history) and age <30 years, direct mutation analysis for PKD1 and PKD2 is required at some centers.


     Alport syndrome9


     Genetic inheritance: X-linked recessive trait (80%), autosomal recessive (15%), autosomal dominant (5%)


     Renal manifestations: asymptomatic persistent microscopic or gross hematuria. Boys without hematuria by age 10 years are unlikely to have Alport syndrome. Female heterozygous carriers: Almost all have hematuria but with variable outcome (recurrent gross hematuria, proteinuria, hearing loss, and diffuse glomerular basement membrane thickening are associated with worse renal outcomes).


     Extrarenal manifestations: sensorineural hearing loss, ocular abnormalities (anterior lenticonus, spherophakia, anterior polar and posterior cortical cataract, corneal changes with corneal lesions), retinal findings (drusen, perifoveal dot and fleck retinopathy, neovascularization), leiomyomas (rare)


     Prospective donors should be screened for hematuria, HTN, sensorineural hearing loss, and ocular testing.


     The absence of hematuria in an adult male 20 years of age or older essentially excludes the presence of a genetic defect.


     Adult female siblings with normal urinalysis have a low risk for being carriers and are acceptable donors.


     Donation is not advised in female relatives with persistent hematuria because they are most likely carriers of the mutation and have a 10% to 15% risk for CKD.


     Thin basement membrane nephropathy (TBMN)


     Also known as benign familial hematuria


     Disorder arising predominantly from an autosomal dominant inheritance pattern involving heterozygous mutations of either α3 or α4 chains of collagen type IV and, less frequently, de novo or nonpenetrance mutations in other family members


     Screen first-degree relatives for hematuria to establish pattern of inheritance.


     Screen for hypercalciuria and hyperuricosuria to determine whether microscopic hematuria may have stemmed from stone disease (and not TBMN).


     Must distinguish TBMN disease from IgA nephropathy and Alport syndrome (Table 5-6), although it may be difficult to distinguish TBMN from early Alport syndrome.


  
    TABLE 5-6  Clinical Characteristics That Distinguish Thin Basement Membrane From Alport Syndrome and Immunoglobulin A Nephropathy


    
      
        
          	
            Thin basement membrane disease

          

          	
            Alport syndrome

          

          	
            IgAN

          
        


        
          	
            Gross hematuria is uncommon.

          

          	
            May have episodic gross hematuria

          

          	
            Episodic gross hematuria common

          
        


        
          	
            Family history of hematuria

          

          	
            Family history of kidney failure

          

          	
            Family history of hematuria with or without kidney failure should rule out familial IgAN.

          
        


        
          	
            

          

          	
            Deafness may be present in families with an X-linked mode of inheritance.

          

          	
            

          
        

      
    


    Abbreviation: IgAN, IgA nephropathy.

  


     Renal biopsy: TBMN disease and early Alport syndrome may be difficult to differentiate histologically. Clinical correlations are indicated (eg, family history of kidney failure, deafness, abnormalities of eye lenses).


     Donation from individuals with TBMN disease remains controversial.


     The presence of HTN, proteinuria, or both precludes donation.


     May proceed with donation if IgA nephropathy or Alport syndrome have been excluded and prospective donors are older than 40 years of age


     Prospective donors must be informed of the following:


     Although TBMN disease typically has a benign outcome, slowly progressive CKD may occur.


     Short-term prognosis of isolated microscopic hematuria is favorable, but lifetime risk of ESKD is increased.


     Note: The incidence rates of ESKD were 34 and 2.05 per 100,000 person-years among 1.2 million young Israeli (ages 16-25 years old screened for military service) with and without persistent asymptomatic microscopic hematuria over 22-year follow-up, respectively.10


     Any effect of TBMN on allograft is unclear.


     Systemic lupus erythematosus (SLE)5


     Occurs in about 12% or more of first-degree relatives


     Prospective living related donors should be screened for antinuclear antibody (ANA), complement levels, and abnormal urinary findings.


     Screening for antiphospholipid antibody should be considered in individuals with history of deep vein thrombosis, pulmonary embolism, stroke, fetal loss, thrombocytopenia, hemolytic anemia, or livedo reticularis.


     Family members of a patient with SLE with positive ANA has an approximately 40-fold increased risk for developing lupus and should be excluded from donation.


     Fabry disease9


     May be seen in all ethnicities and can affect both males and females


     Genetic inheritance: X-linked inborn error with deficiency or defect of lysosomal hydrolase α–galactosidase A (α-Gal A), an enzyme that normally catalyzes the hydrolytic cleavage of the terminal galactose from globotriaosylceramide (Gb3)


     The enzyme deficiency/defect leads to lysosomal accumulation of Gb3 in various cells including vascular endothelium and smooth muscle cells, cardiac muscle cells and conduction fibers, kidney, and nerve root ganglia.


     Fabry disease usually presents in early childhood in both males and females, but heterozygote females may present with vague symptoms later in life.


     Renal manifestations occur in at least 50% of male homozygotes and in approximately 20% of female heterozygotes and may include proteinuria (both tubular and glomerular proteinuria possible), progressive CKD leading to ESKD, Fanconi syndrome, polydipsia, polyuria, multiple renal sinuses, and parapelvic cysts on imaging studies.


     Prospective donors with known or suspected family history of Fabry disease should be screened for the disease.


     Males: low α-Gal A activity in leukocytes of plasma. Genetic analysis may be required in males with marginally low α-Gal A activity levels.


     Female carrier/heterozygote may have normal to low levels of α-Gal A. Hence, genetic analysis for the α-Gal A gene is required.


     Positive screening precludes donation.


     Apolipoprotein L1 (APOL1) gene mutations


     Two risk allele mutations (homozygous G1/G1, homozygous G2/G2, or compound heterozygous G1/G2) are found in 13% of African Americans and are associated with increased risk of nondiabetic glomerulosclerosis and focal segmental glomerulosclerosis (FSGS) and more rapid CKD progression compared with their non-black counterparts.11 African American kidney donors are at greater risk of developing ESKD than their European American counterparts.12 The UNOS data demonstrated that the risk of ESKD 15 years postdonation was 74.4 per 10,000 African American donors compared with 22.7 per 10,000 European American donors.13


     Prospective younger African American donors and those with significant family history of ESKD should be tested for the presence of two risk alleles for APOL1 variants (G1 and G2).


     Final kidney phenotypes may not yet manifest in young adults and must be considered when potential young African Americans donors are being evaluated.


     Donor candidates with two APOL1 risk alleles should be informed of the increased lifetime risk of kidney failure, but the precise kidney failure risk after donation cannot currently be quantified.


     Renal allograft from living and deceased donors with two risk alleles for APOL1 variants have an increased risk of rejection and transplant failure.


     Sickle cell trait


     Potential long-term risks to live kidney donors with sickle cell trait is not known (sickle cell trait is regarded as a contraindication to living kidney donation at some centers including the authors’ center).


     Potential inherent risks unrelated to donation


     Renal medullary carcinoma occurs almost exclusively in patients with sickle cell trait (and seldom in those with sickle cell disease). It typically presents in young patients in their second decade of life with a male-to-female ratio of 2.4:1.14 Prospective younger donor should be forewarned of such risk, and postdonation regular follow-up is advisable.


     In a large cohort study consisting of nearly 1,000 African Americans (of whom 739 had sickle cell trait and 243 had hemoglobin C trait), sickle cell trait was found to be associated with a twofold increased risk of developing kidney failure requiring dialysis compared with individuals without sickle cell trait. Furthermore, the risk for ESKD in sickle cell trait carriers was similar to that conferred by APOL1 high-risk genotypes.15


  INFECTIOUS DISEASE SCREENING


     Transmissible infectious diseases that preclude donation


     Acute or chronic hepatitis B, hepatitis C, and HIV


     Active human herpes virus 8 (HHV-8) infection


     Trypanosoma cruzi (Chagas disease)


     Most centers consider infection with T. cruzi a contraindication to donation.


     UNOS policy16: If transplantation from an infected donor is planned, recipients should receive specific information regarding


     Risk of transmission and limited data regarding this risk, especially pertaining to live donors.


     Posttransplant monitoring process.


     Specific plans for posttransplant monitoring must be in place at the time of transplantation.


     It is imperative to consider the recipient’s access to testing and monitoring as geographic concerns may impact the ability to follow the patient closely.


     Potential toxicities associated with treatment for Chagas disease.


     The need for participation in close monitoring of therapeutic interventions in the event of infection because the medications available for treatment are not FDA approved and are generally only provided through specific protocols.


     Infectious diseases that do not preclude donation if fully treated and no evidence of active infection


     Syphilis, latent Epstein-Barr virus infection, cytomegalovirus (CMV)


     Strongyloides: UNOS policy for donors tested positive for Strongyloides16


     Ideally, infected donors should be treated with a minimum of two doses of ivermectin prior to donation (200 μg/kg orally daily on 2 consecutive days).


     Because of the potential for persistence of migrating larvae and eggs in the tissues, some experts recommend repeating this treatment 2 weeks later to cover an autoinfection cycle. If the donor is treated prior to donation, no specific treatment or monitoring of the recipient is required as the likelihood of transmission is probably extremely low.


     If the donor cannot be treated prior to donation or receives only a single course of treatment, then the recipient should be treated with the same regimen as outlined for the donor (two courses of two doses of ivermectin separated by 2 weeks as the most conservative approach) as soon as possible after the transplant has occurred.


     UNOS policy regarding West Nile virus (WNV) infection16


     A positive WNV nucleic acid testing should lead to further evaluation of the live donor (discussion is beyond the scope of this chapter; consultation with infectious diseases is recommended).


     Donation should be deferred until repeat testing confirms resolution of viremia and infectivity.


  CANCER SCREENING


     Both personal and family history of cancers should be obtained.


     All potential prospective donors should undergo age-appropriate screening for cancer as recommended by the American Cancer Society (or equivalent international standard guidelines).


     Prospective donors at risk for skin cancers or those with prior history of nonmelanoma skin cancers should undergo a full skin survey.


     A prior history of localized malignancy may be acceptable if fully treated and cured and the potential for transmission excluded


     Stage 0 ductal carcinoma in situ (DCIS) of breast, in situ squamous cell carcinoma, in situ cervical carcinoma, Dukes A colon cancer if cure and in remission for >5 years, encapsulated thyroid neoplasms


     Oncology consultation is advisable.


     Prior treatment of the malignancy does not affect the prospective donor’s renal reserve or place the donor at risk for ESKD.


     Types of cancer that preclude donation: history of melanoma, Kaposi sarcoma, renal cell carcinoma, or urologic malignancies; ongoing malignancies including choriocarcinoma, monoclonal gammopathy or hematologic malignancies, lung cancer, gastric cancer, and stage 1 or higher breast cancer5


     Renal cysts (2017 KDIGO Clinical Practice Guidelines)2


     A kidney with a small simple cyst (Bosniak I) can be left in the donor, particularly if there are compelling reasons for donating the contralateral kidney.


     Donation of a kidney with Bosniak II renal cyst should proceed only after ruling out solid components, septations, and calcifications with a preoperative CT scan with contrast (or MRI) to avoid accidental transplantation of a kidney with cystic renal cell carcinoma.


  PREGNANCY


     Desire to become pregnant is not a contraindication to donation. However, prospective female donor of childbearing age should be informed to avoid becoming pregnant from the time of approval for donation (or preferably from the time of donor evaluation) to the time of recovery after nephrectomy.


     Female donor candidate should not donate while pregnant.


     Evaluating for donation 6 months postpartum is reasonable.


     Prospective female donor candidates of childbearing age should be informed that kidney donation may increase risk of gestational HTN and preeclampsia (11% vs 5% among healthy nondonor counterparts).17


     2017 KDIGO Clinical Practice Guidelines2


     Women with prior history of hypertensive disorders of pregnancy (eg, gestational HTN, preeclampsia, or eclampsia) may be acceptable for donation if their long-term postdonation risks are acceptable.


     Women with childbearing potential who proceed with donation should be counseled on how to reduce the risk of complications in future pregnancies (close follow-up with a nephrologist during pregnancy is advisable).


  MEDICAL CLEARANCE FOR DONOR NEPHRECTOMY


     Cardiac


     Perioperative cardiac testing: the 2014 American College of Cardiology/American Heart Association paradigm18


     Functional status is a reliable predictor of perioperative and long-term cardiac events. Patients with reduced functional status preoperatively are at increased risk of complications.


     In highly functional asymptomatic patients, it is often appropriate to proceed with planned surgery without further cardiovascular testing.


     Functional status may be estimated from activities of daily living. Functional capacity is often expressed in terms of metabolic equivalents (METs), where 1 MET is the resting or basal oxygen consumption of a 40-year-old, 70-kg man.


     Examples of activities associated with <4 METs: slow ballroom dancing, golfing with a cart, playing a musical instrument, and walking at approximately 2 to 3 mph


     Examples of activities associated with >4 MET: climbing a flight of stairs or walking up a hill, walking on level ground at 4 mph, and performing heavy work around the house


     Functional capacity can be classified as excellent (>10 METs), good (7 to 10 METs), moderate (4 to 6 METs), poor (<4 METs), or unknown.


     Perioperative cardiac and long-term risks are increased in patients unable to perform 4 METs of work during daily activities.


     Suggested cardiovascular evaluation of potential living donors is shown in Table 5-7 and Figure 5-2 (opinion based).


  
    TABLE 5-7  Coronary Artery Disease Risk Assessmenta


    
      
        
          	
            Risk factors

          
        


        
          	
            •    Age >45 y for male; age >55 y for female


            •    Hypertensionb


            •    Diabetes mellitus (precludes living donation)


            •    Family history of premature CAD


            •    Tobacco use


            •    Hyperlipidemia

          
        


        
          	
            Functional capacity: can be estimated in terms of METs (see text)

          
        


        
          	
            •    Excellent: >10 METs


            •    Good: 7-10 METs


            •    Moderate: 4-6 METs


            •    Poor: <4 METs

          
        

      
    


    Abbreviations: CAD, coronary artery disease; METs, metabolic equivalents.


    aCAD risk assessment should be based on both risk factors and functional capacity.


    bAcceptable for donation in selected individuals (see text).

  


  
    

    Figure 5-2  Cardiac Evaluation of Potential Living Kidney Donors (Opinion Based)
ACC/AHA, American College of Cardiology/American Heart Association; CAD, coronary artery disease; ECG, electrocardiogram; METs, metabolic equivalents. aMay vary among centers. Should be evaluated on a case-by-case basis.
  

     Indications for cardiac structural evaluation with two-dimensional echocardiogram


     Abnormal cardiac murmur


     History of syncope, palpitations, dizziness, or shortness of breath


     Known history of valvular heart disease


     Indications for Holter monitoring


     History of arrhythmias or possible arrhythmias


     History of syncope, dizziness, or palpitations


     Contraindications to kidney donation


     Untreated or symptomatic coronary artery disease (or significant coronary artery disease even if corrected)


     Compensated or decompensated heart failure


     Dilated cardiomyopathy


     Untreated and/or clinically significant valvular heart disease


     Pulmonary


     Not indicated routinely unless history or physical exam is suggestive of lung disease


     Smoking cessation at least 4 weeks before the surgical procedure is advisable.


     Contraindication to transplantation: significant chronic pulmonary disease (forced expiratory volume in 1 second [FEV1] or forced vital capacity [FVC] <70% predicted or FEV1:FVC ratio <65%)


     Others: History of cerebrovascular disease or peripheral vascular disease precludes donation.


  SURGICAL EVALUATION


     CT urogram and CT angiogram should be performed in all donor candidates to assess kidney size, parenchymal and collecting system anatomy, and vascular anatomy.


     Minimally invasive techniques for living donor nephrectomy have become standard in most centers worldwide.


     Various techniques have been utilized including standard transperitoneal laparoscopic, hand-assisted, robotic-assisted, and retroperitoneal techniques. Table 5-8 summarizes the potential advantages and disadvantages of various surgical techniques.


  
    TABLE 5-8  Advantages and Disadvantages of Different Laparoscopic Living Donor Nephrectomy Techniques


    
      
        
          	
            LLDN techniques

          

          	
            Advantages/comments

          

          	
            Disadvantages/comments

          
        


        
          	
            Standard transperitoneal LLDN


            The kidney is freed using four small incisions and removed through an incision in the lower abdomen.

          

          	
            LLDN has replaced open donor nephrectomy as the standard technique.

          

          	
            Open nephrectomy conversion

          
        


        
          	
            Hand-assisted LLDN


            The surgeon inserts a hand into the abdomen while pneumoperitoneum is maintained.

          

          	
            Helpful in complex cases because the surgeon’s hand can assist laparoscopic instruments

          

          	
            Hand fatigue

          
        


        
          	
            Robotic-assisted LLDN


            An advanced robotic system is used to aid in the surgical procedure.

          

          	
            Provides three-dimensional visualization of the operative field


            Decreases hand fatigue and tension tremor


            Adds wrist motion (improves dexterity and surgical precision)

          

          	
            Cost


            Bulkiness


            Added time to assemble

          
        


        
          	
            Retroperitoneal LLDN


            Lateral flank approach

          

          	
            Provides direct access to the renal pedicles and early arterial bifurcation


            May decrease risk for early and late donor intraperitoneal complications

          

          	
            Limited working space

          
        

      
    


    Abbreviation: LLDN, laparoscopic living donor nephrectomy.

  


     Comparative studies evaluating differences in outcomes between various surgical techniques are lacking. However, both donor safety and recipient outcomes such as graft function and urologic complications are probably comparable when surgeons perform their preferred procedure.


     2017 KDIGO Clinical Practice Guidelines2


     In the absence of reasons to procure the right kidney (vascular, urologic, or other abnormalities), the left kidney should be procured in laparoscopic donor nephrectomy because of the relative ease associated with a longer venous pedicle.


     Procurement of a living donor kidney with three or more arteries should only be undertaken by surgeons with adequate experience.


  DONOR SAFETY AND LONG-TERM RENAL FUNCTION


     Estimated mortality risk in healthy kidney donors: 3 to 4 deaths per 10,000 nephrectomies


     Despite the loss of 50% of renal mass, unilateral nephrectomy only reduces renal function by approximately 20% to 30% at long-term follow-up because of compensatory hyperfiltration. The degree of compensation is determined by age-related renal reserve.


     Similar to the nondonating population, an additional 4 to 5 mL/min loss in GFR per decade occurs after donating.


     Risk of ESKD after unilateral nephrectomy is small (<0.5% increase in incidence at 15 years). The risk may be higher in younger, black, and obese individuals.


     African Americans have higher rates of developing postdonation CKD due to HTN and use of antihypertensive medication compared to white donors.


     For interested readers, the projected risk of ESKD in the absence of donation plus additional risks attributable to donation can be estimated using


     A calculator to assess the risk for developing kidney disease in the absence of donation (http://www.transplantmodels.com/esrdrisk/). This risk model is intended for low-risk adults considering living donation in the United States. This risk calculator should not replace clinical judgment.


     The risk varies with sex and race.


     Example: assuming the following donor health characteristics: predonation eGFR 100 mL/min/1.73 m2, BMI 25 kg/m2, systolic blood pressure 120 mm Hg, and no microalbuminuria. For a 38-year-old subject, the 15-year projections of ESKD risk in the absence of donation (pre) and after unilateral nephrectomy (post) are


     Pre: 0.21% → Post: 0.89% among African American men.


     Pre: 0.13% → Post: 0.75% among African American women.


     Pre: 0.05% → Post: 0.36% among white men.


     Pre: 0.03% → Post: 0.25% among white women.


     Risk projections were higher in the presence of a lower eGFR, higher albuminuria, HTN, current or former smoking, diabetes, and obesity.


     The 15-year observed risks for ESKD after donation among kidney donors in the United States is estimated to be 3.5 to 5.3 times higher than that projected for ESKD among health characteristic- and age-matched subjects in the absence of donation.19


     May increase risk of HTN, hyperuricemia, gout, and hyperparathyroidism


     No apparent adverse effect on life expectancy


     Systematic review, meta-analysis, and meta-regression study (n > 5,000 donors from 27 countries): Kidney donation resulted in small increases in urinary albumin, which increased with time after donation. An initial decrement in GFR was not followed by accelerated losses over the subsequent 15 years.20


     Impact of age on long-term safety


     Single-center study21: N = 539 consecutive live kidney donors (422 donors were <60 years and 117 were 60 years or older. Older donors had lower mean predonation GFR (80 vs 96 mL/min/1.73 m2), higher BMI, and higher American Society of Anesthesiologists (ASA) classification compared with younger donors.


     Results


     There was no difference in the mean maximum decline in eGFR between the two groups at a median follow-up of 5.5 years (maximum decline in eGFR was 38% ± 9%).


     The percentage maximal decline was comparable between the two groups.


     At 5 years follow-up, significantly more elderly had an eGFR <60 mL/min/1.73 m2 compared with younger donors (94% vs 80%, respectively [P < .001]). However, renal function stabilized during follow-up, and no donor had an eGFR of <30 mL/min/1.73 m2.


     Conclusion: After kidney donation, decline in eGFR is similar in younger and older donors. As kidney function does not progressively decline, live kidney donation by elderly is considered safe.


     Postdonation follow-up


     Postdischarge visit at the transplant center: approximately 7 to 14 days postdonation (authors’ center)


     Postdonation, postdischarge visit with local primary care physician


     6 months, 12 months, and then annually


     Annual follow-up should include blood pressure check, eGFR, and urinary albumin.


     More frequent follow-up is recommended for donors with mild HTN, history of nephrolithiasis, obesity, or mild or borderline urinary abnormalities at the discretion of the clinicians.


     Short-term expectations


     Recovery from surgery: Patient generally reports full recovery 3 to 4 weeks after laparoscopic procedures.


     Return to work


     Most donors can return to work without limitation by 6 to 8 weeks, although some return to work after 3 to 4 weeks.


     Fatigue is a common complaint among donors during the recovery period and may last 2 to 3 months.


     Long-term expectations


     One-third of healthy donors will have eGFR <60 mL/min/1.73 m2. However, the fall in eGFR usually does not decrease with time beyond the rate associated with natural aging. Nephrology consultation is recommended if eGFR declines more rapidly than that expected with aging or if eGFR falls below 45 mL/min/1.73 m2.


     Lifetime risk for ESKD among donors is 0.9% compared with 0.14% among healthy nondonors and 3.2% among the general population.


     Donors may have a rise in systolic blood pressure of 0 to 6 mm Hg and minimal rise in proteinuria (<200 mg/d).


     Pregnancy in donors


     Donors have a 3% to 11% incidence of HTN or preeclampsia compared with 0.5% to 5% for nondonors.


     Fetal outcomes are similar as those for nondonors.


     Referral to high-risk obstetrics for pregnant females with one kidney is suggested.


     Registries for the long-term follow-up for donors are available.


     The DOs and DON’Ts postdonation are shown in Table 5-9.


  
    TABLE 5-9   The DOs and DON’Ts Postdonation


    
      
        
          	
            DOs

          

          	
            DON’Ts

          
        


        
          	
            •    Routine checkupsa


            •    Cancer screening appropriate for age


            •    Regular aerobic exercise


            •    Healthy weight reduction as applicable


            •    Abstinence from excessive alcohol consumption as applicable


            •    Quit smoking permanently as applicable.

          

          	
            •    Heavy lifting or strenuous exercise the first 3-4 wk after surgery


            •    Long-term regular use of all nonsteroidal anti-inflammatory drugs (NSAIDS)


            •    Consumption of high-protein diet for weight loss or protein supplements for body building (may contribute to glomerular hyperfiltration injury)

          
        

      
    


    aAnnual blood pressure management, annual laboratory evaluation should include urinalysis, urine albumin/creatinine ratio, serum creatinine, fasting food glucose, A1C, +/− annual lipid profile.
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  UNITED NETWORK FOR ORGAN SHARING LISTING CRITERIA


     United Network for Organ Sharing (UNOS) listing criteria for deceased donor kidney


     Chronic kidney disease with estimated glomerular filtration rate (eGFR) ≤20 mL/min or


     On dialysis


  DECEASED DONOR KIDNEY ALLOCATION SYSTEM IN THE UNITED STATES


     Factors determining kidney allocation


     Waiting time


     Preregistration dialysis time allows transplant candidates to gain waiting time upon listing (eg, patient who has been on dialysis for 5 years prior to UNOS registration will have 5 years of waiting time upon listing).


     Candidates not yet on dialysis at the time of registration will still begin to accrue waiting time once they are registered on the waiting list.


     Geographic area: allocation prioritized to candidates in areas closest to donor


     Highly sensitized candidates


     Kidney candidates are assigned a calculated panel reactive antibody (cPRA) score that is based on the “unacceptable antigens” listed for each candidate (cPRA is discussed in chapter 1). Higher cPRA scores indicate increasing difficulty in getting a kidney with a negative or acceptable crossmatch (discussion of the so-called “acceptable” crossmatch is beyond the scope of this chapter). In the current allocation system, patients with higher cPRA scores receive additional points for prioritization.


     Prioritization points will be assigned based on a sliding scale, beginning with a cPRA score of 20% (candidates with cPRA of 20% will receive 0.08 point, candidates with cPRA 75%-79% will receive 1.58 points, etc.).1 The cPRA-based allocation points are shown in Table 6-1.


  
    TABLE 6-1  Calculated Panel Reactive Antibody (CPRA)-Based Allocation Points


    
      
        
          	
            CPRA

          

          	
            Points*

          

          	
            CPRA

          

          	
            Points*

          

          	
            CPRA

          

          	
            Points*

          
        


        
          	
            0-19

          

          	
            0

          

          	
            70-74

          

          	
            1.09

          

          	
            96

          

          	
            12.17

          
        


        
          	
            20-29

          

          	
            0.08

          

          	
            75-79

          

          	
            1.58

          

          	
            97

          

          	
            17.30

          
        


        
          	
            30-39

          

          	
            0.21

          

          	
            80-84

          

          	
            2.46

          

          	
            98

          

          	
            24.40

          
        


        
          	
            40-49

          

          	
            0.34

          

          	
            85-89

          

          	
            4.05

          

          	
            99

          

          	
            50.09

          
        


        
          	
            50-59

          

          	
            0.48

          

          	
            90-94

          

          	
            6.71

          

          	
            100

          

          	
            202.10

          
        


        
          	
            60-69

          

          	
            0.81

          

          	
            95

          

          	
            10.82

          

          	
             

          

          	
             

          
        

      
    


    *In the current allocation system, 0.08 points is equivalent to about a month of waiting time, 1.58 points and 2.46 points are equivalent to about 1.5 to 2.5 years of waiting time, respectively. Candidates with cPRA of 98%, 99% or 100% receive 24.40, 50.09, and 202.10 points, respectively to improve access for sensitized candidates.

  


     Candidates with cPRA of 98%, 99%, or 100% will also receive local, regional, and national priority.


     Pediatric status


     Prior living organ donor: Prior organ donation including kidney and liver will receive priority for organ allocation.


     Estimated posttransplant survival (EPTS) score and Kidney Donor Profile Index (KDPI)


     The EPTS score is designed to ensure that those kidneys expected to function the longest are transplanted into those candidates expected to live the longest. It is based on four factors: candidate’s age, length of time spent on dialysis, prior transplant of any solid organ, and current diabetes status. A lower EPTS score is associated with longer estimated posttransplant longevity.


     The donor characteristics that are used to calculate KDPI are discussed in chapter 7. In brief, lower KDPI values are associated with longer estimated allograft function, whereas higher KDPI values are associated with shorter estimated function.


     Candidates with EPTS scores of ≤20% will receive increased priority for offers for kidneys with KDPI scores of ≤20% before other candidates at the local, regional, and national levels of distribution.1,2


     The EPTS score will only be used in kidney allocation when the donor has a KDPI of 20% or less.1,2


     EPTS scores will not be calculated for pediatric candidates until the candidate turns 18 years old.


     Currently, kidneys are allocated through four sequences, defined by the KDPI score of the donor kidney (KDPI ≤20%, KDPI >20% but <35%, KDPI ≥35% but ≤85%, and KDPI >85%)—herein referred to as sequences A, B, C, and D, respectively (Table 6-2).2


     The projected longevity of the kidney as determined by the KDPI will determine which allocation sequence is initiated (ie, A, B, C, or D).


     Stratification within the different sequences will be based on several factors including degree of allosensitization, human leukocyte antigen (HLA) matching, and prior living organ donor among others. The allocation sequence system is shown in Table 6-2.


  
    TABLE 6-2  Allocation Sequence System1,2


    
      
        
          	
            Sequence A KDPI ≤20%

          

          	
            Sequence B >20% KDPI <35%

          

          	
            Sequence C ≥35% KDPI <85%

          

          	
            Sequence D KDPI >85%

          
        


        
          	
            cPRA 100%/99%/98%

          

          	
            cPRA 100/99/98

          

          	
            cPRA 100/99/98

          

          	
            cPRA 100/99/98

          
        


        
          	
            Zero-ABDR mismatch top 20% EPTS

          

          	
            Zero-ABDR mismatch

          

          	
            Zero-ABDR mismatch

          

          	
            Zero-ABDR mismatch

          
        


        
          	
            Prior living organ donor

          

          	
            Prior living organ donor

          

          	
            Prior living organ donor

          

          	
            Local + regional

          
        


        
          	
            Local top 20% EPTS

          

          	
            Local

          

          	
            Local

          

          	
            National

          
        


        
          	
            Regional top 20% EPTS

          

          	
            Regional

          

          	
            Regional

          

          	
             

          
        


        
          	
            National top 20% EPTS

          

          	
            National

          

          	
            National

          

          	
             

          
        

      
    


    1Factors used to determine organ allocation within each sequence are listed in order of priority (e.g. priority is given first to cPRA 100%/99%/98%, followed by zero-ABDR mismatch, . . . etc.). If tiebreaker is needed, the date of registration will be used


    2Priority for pediatric candidates, B blood type candidates (who can safely accept A2 or A2B blood type donor), and liver “safety net” are not included. Interested readers are referred to http://optn.transplant.hrsa.gov/media/1200/optn_policies.pdf (date accessed: November 2018). Liver safety net is discussed in chapter 16


    KDPI, Kidney Donor Profile Index; cPRA, calculated panel reactive antibody

  


  STRATEGIES TO EXPAND THE LIVING DONOR POOL


  The shortage of deceased donor kidneys has led the transplant community to develop strategies to expand the living donor pool. This section discusses nonmedical aspects involved in living kidney donation. These include laws and ethics, financial aspects, patient education, living donor options, and organ import/export exchange coordination of care. Living donor evaluation is discussed in chapter 5.


  Laws, ethics, and financial aspects of living kidney donation


     The Declaration of Istanbul on Organ Trafficking and Transplant Tourism and the World Health Organization (WHO) prohibit and condemn the exploitation of vulnerable living donors (defined as illiterate or impoverished individuals, undocumented immigrants, prisoners, and political or economic refugees)3 (see chapter 19).


     In the United States, all organ donors are registered with the Organ Procurement and Transplantation Network (OPTN)/UNOS prior to donation. This registry records all donors for data tracking and management. Additionally, the registry enables priority listing for past donors should they ever develop end-stage kidney disease and require a transplant as renal replacement therapy.


     The Living Donor Protection Act (first introduced in 2016)4 protects living organ donors and removes some potential barriers to donation. Under this act, insurance companies are prohibited from denying or limiting life, disability, and long-term care insurance to living donors and from charging higher premiums. Living organ donors may also use time granted through the Family and Medical Leave Act (FMLA) to recover from donation. H.R. 1270 has not yet been passed by both houses of Congress as of the printing of this book.


     The National Organ Transplant Act (NOTA) prohibits the sale of an organ.5


     In the United States, the cost of a living donor’s evaluation, transplant surgery, and hospitalization are covered by Medicare and/or by the recipient’s insurance. Personal expenses (travel, cost of living during donation process) are usually not covered, but some insurance may reimburse for these expenses. Multiple organizations are now available to provide financial support to those individuals not otherwise able to afford the travel and subsistence expenses associated with living donation.


  Patient education


     Education for living donation is provided to the patients and their family members during the initial transplant evaluation phase as well as while on the transplant waiting list. Patient education should include requirements for potential donors, the living donation process, and risks and benefits of living donation.


     Potential barriers that could lead to exclusion from living donation: lower education levels or health literacy, lack of behavioral skills to facilitate donation discussions with others, concerns for future health problems, or insurance-related issues for the living donor


     Potential educational materials or resources


     Transplant programs, UNOS, and related organizations


     Social media Web sites, podcasts, chat rooms, listservs, Internet access, Facebook


     Concerns with such resources are accuracy of information and lack of professional oversight.


     Transplant programs should provide clarity when conducting patient education.


     The following Web sites are closely monitored and frequently updated for comprehensive and accurate information:


     For professionals


     https://optn.transplant.hrsa.gov/learn/professional-education/all-topics/


     https://optn.transplant.hrsa.gov/learn/professional-education/


     https://optn.transplant.hrsa.gov/learn/professional-education/living-donation/


     www.livedonortoolkit.com


     For patients


     https://optn.transplant.hrsa.gov/learn/about-donation/living-donation-for-patients/


     https://optn.transplant.hrsa.gov/media/2267/find_a_living_donor.pdf


     https://transplantliving.org/


     Limited studies in blacks suggest that receiving education by a health educator in the patient’s home (or house call) in the presence of his or her guests may improve living donation rates compared with their black counterparts receiving group-based or individual counseling at the transplant center.6


  Living donor options


     Sources of donation


     Living related (eg, biologically related parents, grandparents, siblings, children, grandchildren, aunts, uncles, cousins)


     Living unrelated (eg, spouses, friends, coworkers, acquaintances, social media)


     Nondirected (good Samaritan or anonymous donors)


     Kidney paired donation (KPD)7


     Approximately 30% of potential live donors are incompatible to their recipients due to blood group incompatibility or the presence of preformed donor-specific HLA antibody or both.


     KPD is a program in which an incompatible donor-recipient pair is swapped with another incompatible donor-recipient pair. Currently, a number of transplant centers in the United States offer KPD and/or desensitization protocols to such willing but incompatible healthy donor-recipient pairs. Sometimes these “swaps” may include multiple pairs (Figure 6-1).


  
    

    Figure 6-1  Kidney Paired Donation and Never-Ending Altruistic Donation
Top: Example of 3 pair-exchanges: Smaller sized-kidneys indicate end-stage kidneys. Larger kidneys indicate healthy donor kidneys. Same color kidneys indicate a good match (via pair-exchange). Matching kidney-arrow colors indicate actual kidney donations. Light green arrow indicates end of chain (final recipient or so called “closed loop pair-exchange”) or if there is no final recipient, continuing exchange would occur (dark green arrow). Pair-exchange may be theoretically extended among an indefinite number of pairs to become a “never-ending pair exchange” program 
Bottom: An altruistic donor initiates a potentially “never-ending altruistic donation” chain. *The small native kidneys are usually left in situ. The transplanted kidney is placed in the right or left iliac fossa at the discretion of the transplant surgeon.
  

     KPD coordination of care is discussed in a later section.


     Paired kidney chain donation (formerly known as domino-paired kidney donation or never-ending altruistic donation [NEAD]; see Figure 6-1). The nondirected donor donates a kidney to a compatible recipient who has an intended but incompatible living donor. The recipient’s incompatible living donor will, in turn, donate his or her kidney to the next incompatible pair, generating a domino effect. The chain can terminate when the final donor donates to a recipient on the deceased donor waiting list. Alternatively, the final donor can wait until a suitable match is found with a new incompatible pair. As such, the final donor becomes a bridge donor to continue the chain until no match can be identified through paired kidney donation, and the final donor’s kidney is directed to a recipient on the deceased donor waitlist.


     Voucher donation8 (see Figure 6-2)


     Novel concept whereby the donor donates a kidney at a time that is optimal for the donor, whereas the intended recipient is not yet in need of a transplant or may never need a transplant


     The voucher can only be redeemed by the intended recipient.


     Donors in the voucher program function as nondirected donors by initiating chains without adding the “paired-intended recipient” to the current chain. In exchange, the intended recipient is given priority in receiving a compatible living donor in a future transplantation chain. Upon receiving the living donor kidney, the intended recipient essentially ends the chain or “closes the loop” (Figure 6-2).


     The kidney voucher program enables the living donor procedure to be uncoupled in time from the recipient’s transplantation. Advantages: Vouchers for future kidney transplantation overcome “chronologic incompatibility” between living donors and recipients (eg, a 65-year-old grandmother can donate a kidney to a nondirected donor now to allow her 6-year-old grandson with chronic kidney disease to receive priority for a future kidney transplant if needed later in life).


  
    

    Figure 6-2  Voucher Donation Transplantation
In the current transplantation chain, the Voucher Donor initiates a chain of transplantation as a nondirected donor in exchange for a voucher provided to a recipient (Voucher Holder) who is not yet in need of a transplant or who may never need a transplant. The transplantation chain continues per current standard. In the future transplantation chain, the Voucher Holder ends the chain (or closes the loop) when the voucher is redeemed. Black dotted arrows indicate “intended” and solid arrows indicate “actual” flow of kidneys within a chain of transplantation.
  

     Medical and surgical aspects of living donor evaluation are the same for all donor sources (see chapter 5).


  Kidney paired donation registries and organ import/export exchange coordination of care


     KPD registries


     Living donor paired exchange registries can be organized at the internal, regional, or national level (discussed in the following text).


     Internal KPD registries


     Involve a single transplant center that seeks to match its pairs within its own program only


     Advantages/pros: eliminate kidney shipping cost and complexity of transporting kidneys


     Disadvantages/cons: reduce match opportunities for those who may be very sensitized or otherwise difficult to match


     Regional KPD registries


     Involve transplant centers within close geographical or system networks


     Advantages/pros: decrease cost (organ transport; minimize financial complexities of working with multiple outside programs), reduce cold ischemia time (CIT) of the donor organ when shipped a short distance as opposed to prolonged CIT when shipped across the United States


     Disadvantages/cons: reduce match opportunities for those who may be very sensitized or otherwise difficult to match


     National registries


     Include transplant centers across the United States (such as OPTN/UNOS KPD program, the Alliance for Paired Donation [APD], and the National Kidney Registry [NKR])


     Advantages/pros: facilitate matching of patients internally, regionally, and nationally; increase match opportunities for all pairs due to the higher numbers of pairs enrolled in national registries


     Disadvantages/cons: increase the complexity and cost of the organ transport process and CIT


     Participation of compatible pairs within KPD programs increases the pool size for incompatible pairs. Potential mutual benefits: Compatible pairs may benefit from receiving a better HLA or age- and/or size-matched kidney, which may translate into better long-term outcomes.


     Educate the living donor and intended recipient pair on the immunogenetic advantage of identifying a matched donor through KPD, against whom the recipient harbors no HLA antibodies, thus improving the potential for good long-term allograft outcomes


     Import/export exchange coordination of care


     Import/export exchanges occur when a remote donor is matched to the transplant center’s recipient.


     The import kidney is shipped in and received by the transplant program for implant into their recipient, whereas the intended donor’s kidney is shipped out to the matched recipient’s transplant center for implant remotely.


     The recovery team must follow mandated processes to flush, preserve, and package the kidney via sterile technique. The donor’s medical record including UNOS identification and blood group information and specified number and tube types of donor blood specimen must also be placed in the organ box. The organ box must be sealed and covered with required labeling that identifies its contents as a living donor organ and materials.


     A courier service is retained to pick up the kidney from the donor/recovery center. The courier is to provide chain-of-custody transport from recovery center to transplant center, generally by nonstop commercial flight or ground transport if the centers are within reasonable driving distance (ie, 4-hour or less ground transit time).


  WAITLIST MANAGEMENT


  Factors affecting waiting time


     Knowledge of the factors that may affect waiting time may allow clinicians and transplant coordinators to formulate practical steps to ensure that patients who are at the top of the waitlist are suitable for transplantation at all times.


     In the United States, factors that may affect waiting time may include


     ABO blood type: Currently, the median waiting times by ABO blood groups at the authors’ institution are


     Type O: 9 years.


     Type A: 7 years.


     Type B: 8 to 10 years (The current kidney allocation system provides greater access to deceased donor kidneys for B blood type candidates—see B blood type transplant candidate in the following text).


     Type AB: 4 to 5 years.


     Different organ procurement organization (OPO) regions.


     Zero HLA mismatch.


     Others: preregistration dialysis time or accrued wait time after registration, highly sensitized transplant candidates, prior living donor, EPTS score, and proximity to the donor or geographic factor (see kidney allocation system in the earlier discussion).


     Factors such as patient’s income, race or ethnic background, and/or celebrity status play no role in determining allocation of organs.


     B blood type transplant candidates


     Blood group B waiting list candidates are relatively disadvantaged compared to other blood groups in access to kidneys from deceased donors.


     African American, Hispanic, and Asian ethnicities comprise the bulk of the B waitlist.


     Many donors are not compatible with candidates who have blood type B. As a result, type B candidates, most of whom are ethnic minorities, traditionally have been transplanted at a lower rate than candidates of any other blood group.


     The current kidney allocation system provides greater access to deceased donor kidneys for blood type B candidates who can safely accept a kidney from an A2 or A2B blood type donor.1,2 A written protocol for acceptable anti-A antibody titer levels and informed consent are required (the rationale for A2 or A2B blood type donors to B blood type recipients is discussed in chapter 1).


  Kidney donor options to reduce waiting time


     Patients must sign informed consent.


     Candidates with chronic hepatitis C and evidence of viral replication


     Listed hepatitis C antibody-positive transplant candidates are given the option to consent to receive a hepatitis C donor kidney. This candidate pool is generally small.


     The waiting time for a hepatitis C deceased donor kidney is relatively short.


     Treatment for hepatitis C can be delayed until after transplantation (see chapter 4).


     Public health service (PHS) increased risk donor kidney


     Specific criteria that determine a donor as increased risk for transmission of viral disease, including HIV, hepatitis B, or hepatitis C can be found on https://optn.transplant .hrsa.gov/media/1163/2013_phs_guideline.pdf.


     The risk for transmission of viral disease from a PHS increased risk donor kidney is not known but has been estimated to be 3 in 10,000. Nonetheless, transplantation with a donor kidney of this category may confer a survival advantage over remaining on dialysis, particularly in selected cases where there is anticipated prolonged waiting time or exhaustion of dialysis access sites.


     It should be noted that an “increased risk donor kidney” as defined by the PHS does not include the risk of transmission of undetected malignancy from donor organ to recipient.


     Use of donor kidneys with higher KDPI, defined as donor KDPI >85% (KDPI is discussed in chapter 7)


  Waitlist management dynamics


     Waitlist management is an active process that entails ongoing communication between the community providers, dialysis units, patients, transplant coordinators, and transplant programs.


     An effective communication system permits wait-listed transplant candidates to be at their optimal medical health when a deceased donor kidney becomes available.


     With the ever-growing number of patients placed on the waitlist, regular or annual follow-up of all wait-listed transplant candidates has become impractical, particularly for large volume transplant centers where the number of wait-listed patients generally exceeds 1,500 to 2,000 per year.


     Each transplant program should endorse the following responsibilities9,10:


     Collection of blood samples for future crossmatches at regular interval while on the transplant waiting list. Some transplant centers may collect blood samples monthly. At the author’s center, serum is collected every 3 to 6 months for crossmatching. If a sensitizing event occurs such as blood transfusion after the serum collection is made, another serum should be collected to detect any sensitization.


     Develop a well-structured system to maintain ongoing contact with its wait-listed patients.


     Develop clear lines of communication with the referring nephrologists and dialysis staff.


     Define clear expectations to patients, their nephrologists, and dialysis staff members (eg, keeping transplant programs informed of any medical or psychosocial issues in a timely manner, ensuring that patients’ blood samples are sent to the HLA laboratory at a predetermined time interval). This will allow the HLA laboratory to perform a final crossmatch without obtaining a fresh sample from the patient when a kidney becomes available.


     Transplant centers should ensure that unsensitized and highly sensitized (cPRA 99%–100%) patients with the longest waiting time in each blood group are medically and psychosocially suitable for transplantation at all times.


     Identify the top 30 to 50 candidates in each ABO blood group based on “match run” (discussed in the following text) and the UNOS candidate points report to prioritize the waitlist management and to reassess their overall health and psychosocial issues to ensure their readiness for transplantation at all times.


     In the United States, the match run is done via a UNetSM centralized computer network whereby medical information about the deceased donor is matched against transplant candidates. This match run automatically creates a ranked list of suitable candidates for each organ based on predefined factors, including tissue match between donor and transplant candidates, ABO blood type, PRA levels, time spent on the waitlist or dialysis waiting time, and geographic distance between the potential recipient and the donor.


     During the waitlist maintenance visit, patients are seen by a transplant surgeon or nephrologist, social worker, transplant coordinator, and a dietitian to formulate the plan of care.


     Reassessment during the follow-up visit should include


     Review of patient’s medical, psychosocial, and functional status.


     Frailty assessment for older candidates (generally defined as >70 years of age) to ensure their transplant candidacy (see chapter 4).


     Most recent hospitalization or illness should be reviewed to reassess candidacy.


     Routine health maintenance status and cancer and cardiovascular screening (discussed later).


     The options of deceased donor kidneys with KDPI >85% and PHS increased risk deceased donor kidneys should be discussed with patients at the time of initial evaluation and reiterated during follow-up visits to facilitate the prompt and appropriate placement of these organs to preconsented patients.


     The availability of living donors and living donor options should be readdressed during follow-up visits.


     Develop standardized criteria for placing patients on hold or removal from the waitlist to avoid allocation of kidneys to those not medically ready for transplantation.


     Conduct regular multidisciplinary team meetings to address patients’ active medical, surgical, and psychosocial issues relevant to their transplant candidacy. Based on the consensus decision making, patients can be placed into one of the following categories:


     Workup complete (list)


     Ready for transplantation (list)


     Workup in progress (not ready for listing)


     Development of new medical, surgical, and/or psychosocial issues while on the waiting list (on-hold status) or


     Development of irreversible conditions that contraindicate transplantation (delist)


     The algorithm for the UNOS listing and delisting process is briefly discussed in the next section.


     Develop a system to inform all listed transplant candidates of their UNOS waitlist status annually (or at regular intervals established by individual transplant programs).


     Large transplant programs often send annual status notification letter to the dialysis unit and patients asking for up-to-date patients’ clinical status.


  United Network for Organ Sharing listing status


     Kidney transplant candidates on the deceased donor waitlist can be listed in one of two status categories: status 1 or 7.


     Patients listed as status 1 are deemed medically, psychosocially, and financially ready for transplantation at all times.


     Status 7 listing represents an “on hold” status; a patient with this status cannot be offered an organ due to the development of complications that temporarily precludes him or her from kidney transplant. Patients placed on status 7 for any acute issue continue waiting time accrual.


     Patients can be made status 7 for various medical or psychosocial reasons or both. The former may include intercurrent illnesses or hospitalizations, cancer-free waiting times, weight loss to achieve acceptable body mass index, or cardiac or neurologic rehabilitation, among others. The latter may include medical nonadherence, active substance abuse or psychiatric illnesses, or lack of psychosocial support.


     While on the waitlist, patients can be moved from status 1 to status 7 or vice versa according to interim events. However, those who develop irreversible complications that contraindicate transplantation, such as metastatic cancer, severe coronary artery disease, or massive stroke, are removed from the waitlist.


     Transplant centers are required to notify patients in writing within 10 business days of their removal status from the UNOS patient waiting list for reasons other than actual transplantation or death.


     The algorithm for UNOS listing and delisting process is shown in Figure 6-3.


  
    

    Figure 6-3   Algorithm for United Network for Organ Sharing (UNOS) Listing and Delisting Process
1, New medical and/or psychosocial issues (status 1 → status 7); 2, All issues have been resolved (status 7 → status 1); 3, Development of irreversible conditions that contraindicate transplantation. aContraindications to transplantation detected during workup.
  

  ONGOING HEALTH MAINTENANCE AND SCREENING


  Cancer screening


  Although there has been no consensus on the type and frequency of malignancy screening in wait-listed renal transplant candidates, all patients should adhere to standard age, gender, and personal risk-appropriate cancer surveillance. Screening for malignancy in adult kidney transplant candidates should also focus on the kidney and urinary tract, particularly in dialysis-dependent patients.9 Suggested screening for acquired cystic kidney disease (ACKD) and renal neoplasm is discussed in the following text. Colorectal screening is discussed in chapter 4.


  Acquired cystic kidney disease and renal cell carcinoma screening


     Acquired cystic kidney disease (ACKD) is thought to be associated with the uremic state in patients with advanced kidney disease. Underlying pathogenesis has been attributed to microtubular obstruction, parenchymal ischemic injury, and compensatory tubular hypertrophy and hyperplasia in the diseased kidneys.


     Prevalence of ACKD has been reported to be 5% to 20% among adult and pediatric patients starting maintenance dialysis treatment and up to 90% among those receiving dialysis for ≥10 years.11


     The incidence of renal cell carcinoma (RCC) has been reported to be 0.18% per year among patients with ACKD compared with 0.005% in the general population without ACKD.


     RCC accounts for approximately 80% of renal cell neoplasms observed in uremic patients, of which nearly 85% are asymptomatic.11


     ACKD-associated RCC is recognized by the 2013 International Society of Urological Pathology/Vancouver Classification of Renal Neoplasia as a distinct entity of epithelial cell tumors, found exclusively in acquired cystic disease of ESKD.12 In 2016, the WHO Classification of Tumors of the Urinary System and Male Genital Organs similarly incorporated acquired cystic-associated RCC as a distinct subtype of RCC occurring in ESKD patients.13 Compared with sporadic RCCs, ACKD-associated RCCs are characterized by younger patient age, male predominance, more frequent multicentric and bilateral manifestation, and less aggressive.14


     In a retrospective single center study of 260 patients where the majority of patients underwent ipsilateral native nephrectomy at the time of transplantation, ACKD, renal adenomas, RCC, and oncocytoma were found in 33%, 14%, 4.2% and 0.6% of cases, respectively.15


     Suggested risk factors for RCC development among patients with ACKD: male gender (male-to-female ratio, 7:1), African American ethnicity, increased dialysis duration, and severe ACKD with marked organ enlargement11


     Suggested screening algorithm for ACKD and renal neoplasms is shown in Figure 6-4. Documented RCC may require tumor-free waiting periods prior to transplantation depending on the stage or extent of the disease (see chapter 4).


  
    

    Figure 6-4   Suggested Screening Algorithm for Acquired Cystic Kidney Disease and Renal Neoplasms
aSuch as unexplained hematuria, flank pain, palpable abdominal mass, erythrocytosis. CT, computed tomography; MRI, magnetic resonance imaging.
  

  Cardiovascular screening


     Although recommendations for cardiac surveillance of wait-listed patients vary among transplant centers, most advocate annual cardiac screening in diabetic transplant candidates. A proposed algorithm for continued cardiac surveillance for wait-listed patients is shown in Table 6-3.


  
    TABLE 6-3  Suggested Cardiac Surveillance for Wait-listed Transplant Candidates


    
      
        
          	
            CAD

          

          	
            Associated factors

          

          	
            Follow-up evaluation

          
        


        
          	
            No known CAD or negative initial evaluation

          

          	
            Diabetes mellitus (DM)

          

          	
            Annual

          
        


        
          	
            No history of diabetes mellitus

          

          	
            ≥2 traditionala or unconventionalb risk factors or ≥1 CAD risk equivalentsc

          

          	
            Every 2 y

          
        


        
          	
            <2 traditionala or unconventionalb risk factors and no CAD risk equivalentc

          

          	
            Every 3 y

          
        


        
          	
            Established CAD

          

          	
            Medical management per ACC/AHA guidelines only

          

          	
            Annual

          
        


        
          	
            Successful prior percutaneous coronary intervention (PCI)

          

          	
            Annual

          
        


        
          	
            Successful coronary artery bypass grafting (CABG)

          

          	
            3 y post-CABG and then annually

          
        


        
          	
            History of “incomplete” coronary revascularization (PCI or CABG)

          

          	
            Annual

          
        


        
          	
            New onset signs/symptoms suggestive of ischemic heart disease

          

          	
            Signs/symptoms may include chest pain, shortness of breath, recurrent hypotension, volume overload unresponsive to dry weight changes, inability to achieve dry weight due to hypotension, near syncope, or syncope.

          

          	
            Evaluate for CAD.

          
        


        
          	
            VHD

          

          	
            Status

          

          	
            Follow-up evaluation

          
        


        
          	
            Asymptomatic aortic stenosis (AS)d

          

          	
            Mild

          

          	
            Echocardiogram every 3–5 y

          
        


        
          	
            Moderatee

          

          	
            Annual (AS progresses faster in dialysis patients than in the general population)

          
        


        
          	
            Severee

          

          	
            Every 6–12 mo

          
        


        
          	
            Newly developed or increasing symptoms such as chest pain, dyspnea on exertion, near syncope, or syncopee

          

          	
            Reevaluate for VHD severity by echocardiogram

          
        

      
    


    Abbreviations: ACC, American College of Cardiology; AHA, American Heart Association; CAD, coronary artery disease; VHD, valvular heart disease.


    aTraditional risk factors: age >45 years in men and >55 years in women, diabetes mellitus (DM), hypertension, dyslipidemia, obesity, history of angina pectoris, congestive heart failure, previous cardiac events, smoking, and family history.


    bUnconventional risk factors: left ventricular hypertrophy, coronary artery vascular calcification, and dialysis vintage >2 years.


    cCAD risk equivalent: type 1 DM > type 2 DM, atherosclerosis in other vascular beds, history of stroke.


    dClinical evaluation annually.


    eCardiology consultation is advisable.

  


     If feasible, designate cardiologist(s) to assist in the care plan of wait-listed candidates.


  Infectious disease screening


     At the time of transplant evaluation (see chapter 4)


     Although practice differs among centers, generally accepted standard screenings include hepatitis B and C serologies, HIV 1 and 2 antibody, cytomegalovirus immunoglobulin G (IgG) antibody, rapid plasma reagin (RPR) or Treponema pallidum particle agglutination (TP-PA) test for syphilis, Epstein-Barr virus (EBV) antibody panel, herpes simplex virus (HSV) and varicella zoster virus (VZV) IgG antibodies, and tuberculin purified protein derivative (PPD) skin test or QuantiFeron-TB Gold test (the PPD skin test has gradually been replaced by the QuantiFeron-TB Gold test). The latter is useful in bacille Calmette-Guérin (BCG)-vaccinated patients to distinguish between BCG reaction versus tuberculosis (TB) reaction on PPD test.


     Special serologic testing based on epidemiologic risks or exposure history include coccidioides IgM and IgG antibody, histoplasma immunodiffusion antibody or urine antigen, human T-cell lymphotropic virus (HTLV-I/II) antibody, Strongyloides antibody, and Trypanosoma cruzi antibody.


     For wait-listed candidates


     Repeated serologic testing for hepatitis and HIV while awaiting a transplant is generally performed at the discretion of the referring nephrologists.


     Guidelines for periodic surveillance of certain infectious diseases among wait-listed patients set forth by a panel of experts at the National Consensus Conference on the management of wait-listed patients is shown in Table 6-4.16


  
    TABLE 6-4  Infectious Disease Surveillance for Wait-listed Transplant Candidates


    
      
        
          	
            Infectious microorganisms

          

          	
            Screening frequency and management

          
        


        
          	
            Hepatitis C virus (HCV)

          

          	
            Annual screening for ELISA-negative patients


            Consider PCR testing for ELISA-negative patients with abnormal transaminase levels. HCV-positive patients require ongoing care. Histologically advanced disease may preclude kidney alone transplantation (see chapter 4).

          
        


        
          	
            Hepatitis B virus (HBV)

          

          	
            Previously unexposed patients should undergo immunization, with annual testing of antibody levels and appropriate booster doses if indicated.

          
        


        
          	
            HIV

          

          	
            Annual screening only for high-risk individuals

          
        


        
          	
            Tuberculosis

          

          	
            Purified protein derivative (PPD) skin test or QuantiFERON-TB Gold test–positive patients should receive standard prophylaxis and annual chest x-ray.

          
        


        
          	
            Strongyloides

          

          	
            Annual screening in endemic areas

          
        


        
          	
            Epstein-Barr virus, toxoplasmosis, cytomegalovirus, herpes simplex

          

          	
            Annual screening not indicated

          
        

      
    


    Abbreviations: ELISA, enzyme-linked immunosorbent assay; PCR, polymerase chain reaction.
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      CHAPTER 7

    


    Early and Late Posttransplant Graft Dysfunction


    Erik L. Lum and Phuong-Thu T. Pham

  


  GENERAL ASSESSMENT


     The etiology and management of graft dysfunction vary over time.


     The differential diagnosis of allograft dysfunction and acute kidney injury (AKI) is best categorized by different posttransplant periods, arbitrarily divided into


     Perioperative period (first postoperative week).


     Early posttransplant period (1 week to 3 months).


     Late posttransplant period (>3 months after transplant).


  GRAFT DYSFUNCTION IN THE PERIOPERATIVE PERIOD (FIRST POSTOPERATIVE WEEK)


     Graft function in the perioperative period can be classified as1


     Immediate graft function.


     Slow graft function.


     Delayed graft function.


     Primary nonfunction.


     AKI in a well-functioning graft.


     Early graft function can often be anticipated based on preoperative and postoperative characteristics of the donor and recipient as well as the intraoperative perfusion characteristics of the allograft. These factors may include Kidney Donor Profile Index (KDPI), warm ischemia time, cold ischemia time, and rewarm time.


     KDPI2


     Ten donor characteristics used to calculate KDPI include


     Age.


     Height.


     Weight.


     Ethnicity.


     History of hypertension.


     History of diabetes.


     Serum creatinine.


     Cause of death.


     Hepatitis C status.


     Donation after circulatory death (DCD) status.


     Deceased donor kidneys are given a KDPI value ranging from 0% to 100% based on expected longevity of the kidneys.


     Lower KDPI values are associated with better quality kidneys, hence presumed longer kidney life span (eg, a kidney with a KDPI of 20% is expected to have longer longevity than 80% of recovered kidneys).


     Warm ischemia time: period between circulatory arrest and commencement of cold storage


     Warm ischemia time for brain-dead donor kidneys: With the advent of in situ perfusion techniques, warm ischemia time is essentially zero or minimal because the time that the heart stops is virtually the same time as the organs are cooled.


     Warm ischemia time for DCD donor kidneys: Warm ischemic time may span from the time the organ is severely underperfused prior to death, the 5-minute waiting period following asystole, and the time it takes to cannulate and flush the organ and to get the cooling process started. Hence, warm ischemia time varies among DCD donor kidneys.


     A kidney may function after up to 60 minutes of warm ischemia (and 90 minutes in a young donor), but rates of delayed function and nonfunction increase markedly after 20 minutes.3


     Cold ischemia time: period of cold storage or machine perfusion


     Ideal: <12 hours


     Acceptable: <24 hours


     Most centers do not use kidneys that have been in cold storage for >40 hours. However, such kidneys may be acceptable for transplantation if placed on a perfusion pump after recovery (at the discretion of the transplant physicians).


     Acceptable cold ischemia times vary by organ types (kidney > pancreas > intestines > liver > lungs > heart).


     Rewarm time: period between removal of the kidney from cold storage (or machine perfusion) to completion of the renal anastomosis. This can essentially be eliminated by wrapping the kidney in ice until completion of the vascular anastomosis.


     Immediate graft function1


     Knowledge of recipient’s residual native urine output is critical to assess the origin of early urine output following transplant. In patients with minimal residual urine output, an immediate postoperative increase in urine output may serve as an indicator of early graft function.


     Urine output from the transplanted kidney generally exceeds 2 to 3 L/d.


     Serum creatinine commonly decreases by 1 to 2 mg/dL to >4 mg/dL daily (particularly in living donor kidney transplant).


     Slow graft function1


     Patients are generally nonoliguric and experience a slow decline in serum creatinine with level typically declining by 0.2 to 0.9 mg/dL.


     Patients usually do not require dialysis support. However, great care must be given to fluid management.


     Volume depletion must be avoided to prevent precipitation of acute tubular necrosis (ATN). In contrast, overzealous fluid replacement may result in overt pulmonary edema and the need for dialysis.


     Serum creatinine in patients with slow graft function generally does not normalize within the first postoperative week.


     Delayed graft function1


     The term delayed graft function (DGF) has been used to describe marginally functioning grafts that recover function after several days to week.


     Virtually, all cases of DGF require dialysis support in the first posttransplant week. Unless patients have adequate residual urine output from the native kidneys, most patients with DGF are anuric or oliguric (urine output <50 mL/min) and require dialysis support for volume, hyperkalemia, or uremia.


     Suggested risk factors for DGF are summarized in Table 7-1.


  
    TABLE 7-1  Risk Factors for Delayed Graft Function Due to Acute Tubular Necrosis in Deceased Donor Kidney Transplantationa


    
      
        
          	
            Donor factors

          

          	
            Recipient factors

          
        


        
          	
            Premorbid factors and preoperative donor characteristics


            Kidney Donor Profile Index (KDPI) >85% (see text)


            Donor macrovascular or microvascular disease


            Brain-death stress


            Prolonged use of vasopressors


            Preprocurement acute tubular necrosis


            Nephrotoxic agent exposure

          

          	
            Premorbid factors


            Age


            African Americans (compared to Whites)


            Peripheral vascular disease


            Dialysis duration before transplant


            Hemodialysis (compared to peritoneal dialysis)


            Presensitization (PRA >50%, preformed DSA)


            Re-allograft transplant


            Obesity (body mass index >30 kg/m2)


            Hypercoagulability stateb

          
        


        
          	
            Organ procurement surgery


            Hypotension prior to cross-clamping of aorta


            Traction on renal vasculatures


            Cold storage flushing solutions

          

          	
            Perioperative and postoperative factors


            Hypotension, shock


            Recipient volume contraction


            Early high-dose calcineurin inhibitors


            mTOR inhibitorsc (sirolimus and everolimus)

          
        


        
          	
            Kidney preservation


            Prolonged warm ischemia time


            Prolonged cold ischemia time


            Cold storage vs machine perfusion

          
        


        
          	
            Intraoperative factors


            Intraoperative hemodynamic instability


            Prolonged rewarmed time (anastomotic time)

          
        

      
    


    Abbreviations: mTOR, mammalian target of rapamycin; PRA, panel reactive antibody; DSA, donor specific antibody.


    aThe contributory role of certain risk factors may differ among studies.


    bSuch as the presence of factor V Leiden mutation or antiphospholipid antibodies.


    cMay prolong the duration of delayed graft function. Its use should be avoided in the early posttransplantation period.

  


     DGF due to ATN can be anticipated with higher KDPI organs.


     Primary nonfunction


     The kidney allograft fails to achieve an estimated glomerular filtration rate (eGFR) >20 mL/min/1.73 m2 over 3 months or never functions. Graft nephrectomy is usually indicated.


     If this occurs within the first 90 days posttransplantation, the recipient is eligible to regain their prior waiting time when medically cleared to return to the kidney transplant waiting list.


     AKI


     In patients with an initial well-functioning allograft (increasing urine output, decreasing serum creatinine), a 25% or greater increase in serum creatinine should prompt further evaluation, particularly in high immunologic risk patients.


     An increase of 10% to 20% in serum creatinine may represent laboratory variability and can be rechecked within 24 hours.


     In the peri- or early posttransplant period, suspect AKI when serum creatinine plateaus at levels higher than that expected based on organ quality or KDPI score. However, such score should not replace clinical judgment.


     AKI may occur with or without significant reduction in urine output.


     Differential diagnosis of DGF or AKI1


     DGF or AKI can be classified into prerenal, intrinsic renal, postrenal, and vascular causes.


     Prerenal causes


     Volume loss (eg, post-ATN diuresis, blood loss, gastrointestinal fluid loss)


     Hypotension or overly rapid treatment of hypertension. The transplanted allograft is denervated and does not have a normal response to hypotension.


     Other causes: acute cardiopulmonary events (eg, acute myocardial ischemia/infarction, pulmonary embolism) with associated reduced cardiac output, intra-abdominal hypertension (common risks: volume overload, bowel ischemia/edema, severe constipation, obesity), drug-induced intrarenal vasoconstriction (eg, calcineurin inhibitors [CNIs], contrast dye)


     Preventive measures


     Optimize fluid status: replacement versus maintenance:


     Replacement fluid: to replace urine output and other fluid losses (as applicable)


     Maintenance: to replace insensible losses


     Monitor input and output balance closely, particularly in the presence of poor allograft function.


     General guidelines for fluid management are summarized in Table 7-2.


  
    TABLE 7-2  General Guidelines for Fluid Management


    
      
        
          	
            Intravenous fluid management

          

          	
            Comments

          
        


        
          	
            Maintenance fluid (to replace insensible losses)


            Use 1/2 NS with or without dextrose at 30 mL/h.

          

          	
            All fluids to be replaced by IV until oral fluids are reestablished by the surgeon

          
        


        
          	
            Replacement fluid (to replace urine output)


            Use 1/2 NS with or without dextrose.

          

          	
            In the euvolemic patient, urine output should be replaced hourly with 1/2 NS, mL per mL up to 200 mL. If the urine volume is >200 mL/h, give 200 mL + 0.50 mL for each mL >200 mL.

          
        


        
          	
            Other fluid and electrolyte replacement


            Should be individualized after clinical assessment of volume status

          

          	
            Use 1/2 NS or NS to match with fluid loss as needed. Selection between 1/2 NS and NS depends on hemodynamic stability, serum sodium concentration, and tonicity of fluid loss.

          
        


        
          	
            Fluid management for diabetic transplant recipients

          
        


        
          	
            Replace insensible losses with 1/2 NS.


            Replace other output with 1/2 NS or NS to match with fluid loss as needed (same as for nondiabetic recipients above).

          
        

      
    


    Abbreviations: IV, intravenous; NS, normal saline.

  


     Suggested algorithmic approach to postoperative fluid management in an oliguric patient is shown in Figure 7-1.


  
    

    Figure 7-1  Suggested Algorithmic Approach to Postoperative Fluid Management in an Oliguric Patient
aThe volume challenge can be repeated after careful assessment of volume status and fluid balance. bPersistent oliguria will usually not respond to repeated doses of furosemide. Imaging studies should be performed to rule out technical/surgical complications and to assess renal blood flow. cRepeated doses (or continuous intravenous [IV] drip) of loop diuretics may be effective in patients whose urine output fluctuates. Use of bumetanide may be preferred over furosemide when high doses of loop diuretic are required to achieve adequate diuresis. The ototoxic potential of bumetanide is one-eighth that of furosemide when the doses are adjusted for equivalent diuretic potency.
  

     Gradual reduction of blood pressure (generally <25% blood pressure reduction over first 24 hours). In the acute setting, a systolic blood pressure of <180 mm Hg is acceptable because blood flow to the newly transplanted organ is dependent on an adequate mean systemic blood pressure.1


     Optimize cardiac status.


     Maintain good bowel regimen.


     Avoid use of contrast dye.


     Daily CNI level monitoring


     Intrinsic causes


     Posttransplant ATN is the most common cause of DGF:


     The term DGF and ATN are often used interchangeably. However, not all cases of DGF are caused by ATN. Unless an allograft biopsy is performed, ATN should be a diagnosis of exclusion.1


     Most cases of ATN are due to donor organ injury, as a result of either prolonged cold ischemia time or warm ischemia time or lower organ quality (based in part on KDPI score).


     ATN typically resolves over several days and occasionally over several weeks, particularly in recipients of older donor kidneys or donor kidneys with higher KDPI. Recovery of ATN is usually heralded by a steady increase in urine output associated with a decrease in interdialytic increase in serum creatinine and eventual dialysis independence.


     Recurrent disease in the immediate postoperative period is confined to recurrent focal segmental glomerulosclerosis (FSGS), atypical hemolytic uremic syndrome (HUS), and primary hyperoxaluria. Recurrent FSGS and primary hyperoxaluria can be anticipated based on measurements of proteinuria and serum oxalate levels, respectively. However, primary hyperoxaluria is generally a contraindication to kidney transplant alone, and simultaneous liver-kidney transplantation should be considered.4 Early preemptive and long-term eculizumab therapy may prevent atypical HUS recurrence. Recurrent disease after transplant is discussed in chapter 8.


     CNI toxicity due to intrarenal vasoconstriction with varying degree of endothelial dysfunction is the most common cause of intrinsic AKI in the early posttransplant period.


     CNI nephrotoxicity is generally reversible within 24 to 48 hours when the medication is reduced. A persistently elevated serum creatinine warrants further evaluation.


     Preventive measures: (1) CNI avoidance or sparing protocol in the immediate posttransplant period (see chapter 2). Physicians must be familiar with such protocol. (2) Most centers advocate the use of low-dose nondihydropyridine calcium channel blockers (ie, extended-release diltiazem 180 mg daily) to counteract the vasoconstrictive effect of CNIs unless contraindicated by hypotension or severe bradycardia.


     Acute rejection


     Acute rejection can only be confirmed on kidney transplant biopsy.


     In unsensitized patients with low levels of preformed anti–human leukocyte antigen (HLA) antibodies, acute rejection rarely occurs in the first week. Nonetheless, unexplained AKI should prompt a diagnostic kidney biopsy.


     In high immunologic risk patients in whom a biopsy cannot be performed (eg, those who are anticoagulated or those in whom allograft biopsy may be difficult due to overlying bowels or obesity), it may be appropriate to proceed with pulse steroid without biopsy confirmation particularly when there is a high clinical suspicion for acute rejection. Treatment with lymphocyte-depleting agents (eg, Thymoglobulin, a rabbit antithymocyte globulin) without biopsy-proven rejection should only be given by transplant physicians. The types and treatment of acute rejection are discussed in chapter 3.


     Thrombotic microangiopathy may occur as a result of (or in association with)1


     Recurrence of atypical HUS.5 Disease recurrence is discussed in chapter 8.


     CNIs or mammalian target of rapamycin (mTOR) inhibitors. (Belatacept is a therapeutic option in patients with immunosuppression-associated TMA. See chapter 2.)


     Acute antibody-mediated rejection.


     Other infrequent causative factors: ADAMTS-13 (a disintegrin and metalloproteinase with thrombospondin type 1 motif, member 13) deficiency6 or the presence of inhibitory antibodies, the presence of lupus anticoagulant or anticardiolipin antibodies, cytomegalovirus (CMV), parvovirus B19, influenza A, hepatitis C, or human immunodeficiency virus infections.


     Postrenal causes: urinary tract obstruction


     Urinary tract obstruction may be classified as structural versus functional. Structural obstruction may be further classified as intrinsic obstruction versus extrinsic compression.


     Functional obstruction


     Obstruction in an adult receiving pediatric en bloc kidneys is typically functional (flow related).


     Neurogenic bladder (eg, diabetic polyneuropathy, drug induced [eg, drugs with anticholinergic activity such as diphenhydramine, tricyclic antidepressants])


     Severe polyuria following a successful transplant (eg, underlying diabetes insipidus unmasked by a functioning allograft)


     Structural obstruction


     Intrinsic obstruction


     Ureter: blood clots, edema, ureteric stricture, or complications at ureteric anastomotic site


     Low-grade ureteral obstruction from edema may resolve with vigorous diuresis.


     Obstruction from stones is typically painless due to the lack of innervation in the transplanted kidney.


     Bladder: atrophic bladder associated with chronic anuric state in association with poor emptying


     Urethra: same causes as ureteral obstruction discussed earlier, urethral stricture, trauma from Foley insertion


     Extrinsic compression


     Benign prostatic hypertrophy


     Lymphocele


     Large hematomas


     Miscellaneous


     Ureteral kinking or ischemic injury. The distal ureter close to the ureterovesical junction is particularly vulnerable to ischemic damage because of its remote location from the renal artery and hence compromised blood supply.


     Patients with ureteral kinking or ischemia should be evaluated for reimplantation.


     Diagnosis


     Reduction in urine output (Note: Partial obstruction in a patient with polyuria can still produce a high urine output. There is no “good” urine volume threshold that can rule out obstruction.)


     Ultrasound revealing varying degree of hydronephrosis with or without associated underlying cause of obstruction (eg, presence of hematoma or other fluid collection)


     If fluid collection is present, send fluid for creatinine to distinguish between a lymphocele and urinary leak:


     Lymphocele: Fluid creatinine is similar to serum creatinine.


     Urine leak: Fluid creatinine is more than two to three times serum creatinine (or at least 1-2 mg/dL greater than that of serum creatinine).


     Management: Lymphoceles can be managed by placement of percutaneous drain. The drain can usually be removed once fluid output is <50 to 60 mL daily. A Foley catheter should be immediately placed (or reinserted) if there is clinical suspicion or urinary findings suggestive of a urine leak. The catheter reduces intravesical pressure and occasionally reduces or stops the leakage.


     Management of commonly encountered urologic complications is discussed in chapter 12.


     Vascular causes: renal arterial or venous thrombosis


     Renal artery thrombosis (often occurs within the first 2-3 days after transplant)


     Causes/risks: kidneys with multiple arteries, preexisting significant atherosclerosis in the donor or recipient vessels, patient with known history of thrombosis7


     Clinical manifestations: sudden cessation of urine output


     Diagnosis: Doppler ultrasound revealing lack of blood flow to allograft


     Management: emergent surgical intervention


     Preventive measures: Recipients with significant risk factors should be anticoagulated. Pediatric en bloc organs and organs with multiple arteries should be avoided in patients with a history of thrombosis.


     Renal vein thrombosis


     Causes/risks: hypercoagulable state, kinking of renal vein, stenosis of venous anastomoses, hypotension, acute rejection7


     Clinical manifestations: decreased or cessation of urine output, gross hematuria


     Diagnosis: Doppler ultrasound revealing lack of blood flow to allograft


     Management: emergent surgical intervention


     Preventive measures: Avoid rapid lowering of blood pressure in the perioperative period (see also renal artery thrombosis in the earlier discussion).


     Diagnostic imaging studies and allograft biopsy


     Irrigation of the Foley catheter to check for patency should be performed in all patients.


     The urgency of diagnostic imaging studies depends on specific clinical circumstances:


     If diuresis is expected following uncomplicated living donor kidney transplantation and oliguria occurs, diagnostic Doppler ultrasound must be performed immediately (in the recovery room if necessary).


     Urgent evaluation with a Doppler ultrasound should also be considered if there is abrupt loss in urine output that does not respond to Foley catheter flushing and fluid administration.


     If oliguria is anticipated following transplantation of a deceased donor with high KDPI, imaging studies can usually safely be delayed by several hours (at the discretion of the transplant physician).


     Patients with good blood flow may indicate ATN.


     The use of resistive indices as a marker for renal allograft dysfunction is generally limited and related to the donor organ rather than a process posttransplantation.


     Indications for biopsy: Biopsy of the allograft kidney may be warranted in whom the renal ultrasound is unremarkable and there is


     Unanticipated slow or DGF.


     Slow or DGF lasting ≥1 week.


     Twenty-five percent or greater increase in serum creatinine. A lower threshold for biopsy may be considered in highly sensitized patients at the discretion of the transplant physicians.


     Suspicion of recurrent disease.


  GRAFT DYSFUNCTION IN THE EARLY POSTTRANSPLANT PERIOD (1 WEEK TO 3 MONTHS POSTTRANSPLANT)


     Graft function can be categorized into


     Improving allograft function following transplantation with the establishment of a new baseline serum creatinine.


     Primary nonfunction.


     AKI in a previously well-functioning graft.


     Improving graft function and establishment of a new baseline serum creatinine


     The baseline creatinine established during the early posttransplant period is associated with long-term allograft function.


     Individuals who achieve a serum creatinine <1.5 mg/dL in the early posttransplant period have the best long-term outcomes posttransplantation.


     Knowledge of the donor kidney is critical in the assessment of patients who do not achieve a baseline creatinine <1.5 mg/dL. This may be predicted based on


     A KDPI >85% (see earlier discussion for donor characteristics).


     Donor-recipient size mismatch.8,9


     Evidence of donor kidney injury on biopsy obtained prior to engraftment of the kidney allograft.


     Primary nonfunction (discussed earlier)


     AKI in a previously well-functioning graft


     Patients usually present with an asymptomatic increase in serum creatinine.


     AKI can be classified into prerenal, intrinsic renal, postrenal, and vascular causes.


     Prerenal causes


     Volume loss (eg, post-ATN diuresis, diuretic use, gastrointestinal losses)


     Hypotension or overly aggressive treated hypertension


     Other causes: acute cardiopulmonary events with associated reduced cardiac output, drug-induced intrarenal vasoconstriction, or hypercalcemia that may arise posttransplant due to residual secondary or tertiary hyperparathyroidism in patients with a newly functioning allograft


     Preventive measures


     Measurement of blood pressure and monitoring of blood pressure trends outside the clinic is necessary to avoid significant hypotension and hypoperfusion of the transplanted organ.


     Avoidance of excessive diuretic use


     Optimization of cardiac status


     Maintenance of a good bowel regimen


     Avoidance of contrast dye


     Avoidance of high CNI levels (NOTE: reduced CNI exposure may increase the risk of de novo donor-specific antibody development and/or rejection, particularly in high immunologic risk patients. Clinical judgment required)


     Monitoring and treatment of hypercalcemia


     Intrinsic causes


     Proteinuria and hematuria may be present in patients who have not undergone native nephrectomy and had residual renal function prior to transplantation. Native renal proteinuria and hematuria typically resolved within 2 to 3 months posttransplantation.


     Posttransplant ATN is the most common biopsy finding in patients with AKI in the early posttransplant period.


     The causes of ATN are unclear in most cases. Potential etiologic factors may involve relative hypotension, hypercalcemia, and nephrotoxic medications.


     Preventative measures: avoidance of hypotension and CNI toxicity


     CNI toxicity is the most common cause of reversible AKI in the early transplant period.


     Acute rejection (See chapter 3 for the diagnosis and treatment of different types of rejection.)


     Recurrent disease in the early posttransplant period mirrors that of the perioperative period. FSGS and atypical HUS are the most common causes.


     Thrombotic microangiopathy (Differential diagnosis of the thrombotic microangiopathies are discussed earlier.)


     Postrenal causes: urinary tract obstruction


     The causes of postrenal obstruction in the early posttransplant period mirror those of the first postoperative week.


     Management (discussed in the previous section and in chapter 12)


     Vascular causes


     Arterial or venous thrombosis generally occurs within the first 2 to 3 postoperative days but may occur as long as 2 months posttransplant.


     Transplant renal artery stenosis (TRAS)


     TRAS may occur as early as the first week posttransplant, but it is usually a late complication, occurring 3 months to 2 years posttransplant.


     Causes of TRAS: injury to donor or recipient artery during procurement or transplantation, atheroma in donor artery, atherosclerosis of the recipient vessel, poor suture techniques, immune-mediated vascular damage, end-to-end anastomosis with abnormal fluid dynamics, end-to-end anastomosis with vessel size disproportion, angulation due to disproportionate length between graft artery and iliac artery7


     Clinical presentation


     New-onset uncontrolled hypertension, AKI, severe hypotension associated with the use of angiotensin-converting enzyme inhibitor (ACEi) or angiotensin receptor blocker. Others: recurrent pulmonary edema or refractory edema in the absence of heavy proteinuria, exacerbation of AKI in the presence of CNI toxicity or volume depletion


     The presence of a bruit alone is neither sensitive nor specific for the diagnosis of TRAS. Soft bruits over the allograft are common and are usually of little or no clinical significance. However, a change in the intensity of the bruit, loud prolonged bruits, or the detection of new bruits suggests TRAS and warrants an evaluation.


     Stenosis of the iliac artery proximal to the transplant renal artery may occur in patients with preexisting diffuse vascular disease. Such lesions may impair blood flow to the transplanted kidney causing signs and symptoms that mimic TRAS, a phenomenon referred to as pseudo-TRAS.


     Diagnosis and management of TRAS are discussed in chapter 12.


  GRAFT DYSFUNCTION IN THE LATE POSTTRANSPLANT PERIOD (>3 MONTHS)


     Graft dysfunction in the late posttransplant period can manifest as acute or progressive increase in serum creatinine (chronic progressive allograft dysfunction) with or without various degrees of proteinuria.


     Graft dysfunction can be classified into prerenal, intrinsic renal, postrenal, and vascular causes


     Prerenal causes


     Prerenal causes of AKI in the late posttransplant period mirror those found in the general population and may include volume depletion, diuretic use, gastrointestinal losses, systemic inflammation, hypotension, medication side effects, and hypercalcemia, among others. Noninfectious and infectious causes of gastrointestinal losses due to diarrhea in the transplant settings are discussed in chapters 2 and 13, respectively.


     Intrinsic renal


     Late allograft injury can be categorized into acute, chronic, or acute superimposed on chronic allograft injury.


     Late acute rejection may be seen with medication nonadherence, reduction in immunosuppression for specific indications, or the introduction of new medications that result in reduction in CNI levels. Patients with late acute rejection have poor response to traditional antirejection treatments.


     Chronic allograft injury: Both immunologic and nonimmunologic factors have been suggested to play an interactive role in the development of chronic allograft injury and graft loss. These may include


     Chronic rejection (discussed in chapter 3).


     Recurrent glomerular disease (discussed in chapter 8).


     BK nephropathy (discussed in chapter 13).


     Posttransplant lymphoproliferative disorder (discussed in chapter 15).


     Chronic CNI nephrotoxicity. Reduction in CNI exposure, CNI to mTOR, or CNI to belatacept switch may alleviate CNI toxicity. However, consultation with the transplant center is advisable.


     Suggested immunologic and nonimmunologic causes of chronic allograft injury are listed in Table 7-3.8–11


  
    TABLE 7-3  Alloimmune and Nonalloimmune Causes of Chronic Allograft Dysfunction


    
      
        
          	
            Alloimmune causes

          

          	
            Nonalloimmune causes include but not limited to the following factors

          
        


        
          	
            Chronic antibody-mediated rejection


            Chronic T cell–mediated rejection


            Mixed chronic antibody-mediated and T cell–mediated rejection

          

          	
            Chronic CNI toxicity


            Chronic hypertension


            Hyperlipidemia


            Viral infection (BK, CMV)


            Chronic bacterial pyelonephritis


            Recurrent or de novo diabetic changes


            Recurrent or de novo glomerular disease


            Posttransplant lymphoproliferative disorder


            Marginal donor kidneys (eg, preimplantation glomerulosclerosis and IFTA, long cold and/or warm ischemia times with suboptimal renal function recovery after transplant)

          
        

      
    


    Abbreviations: CMV, cytomegalovirus; CNI, calcineurin inhibitor; IFTA, interstitial fibrosis and tubular atrophy.

  


     Allograft biopsy considerations


     Rapid deterioration of graft function over the course of weeks to months in otherwise stable renal function. Biopsy is not recommended in patients with baseline moderately severe to severe chronic kidney disease (CKD), particularly if change in management is unlikely. Clinical judgment is required. Postrenal causes should be excluded.


     New-onset proteinuria or hematuria or both. Other causes of hematuria such as urinary tract infection, stones, or urologic causes should be excluded.


     Postrenal


     Benign prostatic hypertrophy with outflow tract obstruction


     Neurogenic bladder


     BK virus–associated ureteral stricture


     Chronic obstructive uropathy (from any causes)


     Vascular


     TRAS


  The differential diagnoses of graft dysfunction during various posttransplant periods are summarized in Table 7-4.


  
    TABLE 7-4  Differential Diagnosis of Graft Dysfunction During Various Posttransplant Periods


    
      
        
          	

          	
            The first posttransplant week


            Postoperative day 0-7

          

          	
            The early posttransplant period


            Week 1 to month 3

          

          	
            The late posttransplant period


            >3 months

          
        


        
          	
            Prerenal

          

          	
            Volume loss (eg, post-ATN diuresis, blood or GI loss)


            Hypotension or overly aggressive treatment of hypertension


            Drug-induced intrarenal vasoconstriction (eg, CNI, contrast dye)


            Others: acute cardiopulmonary events associated with reduced cardiac output, intraabdominal hypertension (common risks: volume overload, bowel ischemia/edema, severe constipation, obesity)

          

          	
            Volume loss (see first posttransplant week)


            Drug-induced and infectious causes of diarrheal fluid loss are discussed in chapters 2 and 13, respectively.


            Hypotension or overly aggressive treatment of hypertension


            Drug-induced intrarenal vasoconstriction


            Others: acute cardiopulmonary events, hypercalcemia

          

          	
            Prerenal causes of AKI in the late posttransplant period mirror those found in the general population.


            Drug-induced and infectious causes of diarrheal fluid loss are discussed in chapters 2 and 13, respectively.

          
        


        
          	
            Intrinsic renal

          

          	
            Posttransplant ATN (most common cause of DGF)


            CNI toxicity


            Acute rejection (see chapter 3)


            Recurrent disease: FSGS, atypical HUS (Early preemptive and long-term eculizumab therapy may prevent atypical HUS recurrence.)


            TMA (associated with recurrence of atypical HUS, CNI or mTOR inhibitors, and acute antibody-mediated rejection, among others; see text)

          

          	
            Posttransplant ATN (most common biopsy findings in the early posttransplant period)


            CNI toxicity


            Acute rejection (see chapter 3)


            Recurrent disease: FSGS, atypical HUS,


            TMA

          

          	
            Late acute rejection (may be seen with medication nonadherence, reduction in immunosuppression for specific indications, or the introduction of new medications that result in reduction in CNI levels)


            Both immunologic and nonimmunologic factors have been suggested to play an interactive role in the development of chronic progressive allograft dysfunction and graft loss (see Table 7-3).


            Chronic rejection (see chapter 3)


            Recurrent glomerulonephritis (see chapter 8)


            BK nephropathy (see chapter 13)


            PTLD (see chapter 15)


            Chronic CNI toxicity

          
        


        
          	
            Postrenal (urinary tract obstruction)

          

          	
            Structural


            •    Intrinsic: ureter (blood clots, edema, ureteric stricture, or complications at ureteric anastomotic site), bladder (atrophic bladder associated with chronic anuric state in association with poor emptying), urethra (same causes as ureteral obstruction, urethral stricture, trauma from Foley insertion)


            •    Extrinsic: BPH with outflow tract obstruction, lymphocele, large hematomas


            Functional: pediatric en bloc kidneys (flow related), neurogenic bladder, severe polyuria (underlying diabetes insipidus unmasked by a functioning graft)


            Miscellaneous: ureteral kinking or ischemic injury

          

          	
            The causes of postrenal obstruction in the early posttransplant period mirror those found in the first postoperative week.


            Others: BK virus–associated ureteral stricture

          

          	
            BPH with outflow tract obstruction


            Neurogenic bladder


            BK virus–associated ureteral stricture

          
        


        
          	
            Vascular

          

          	
            Renal arterial thrombosis


            Renal vein thrombosis

          

          	
            Arterial or venous thrombosis generally occurs within the first week but may occur as long as 2 mo posttransplant.


            Transplant renal artery stenosis

          

          	
            Transplant renal artery stenosis

          
        

      
    


    Abbreviations: AKI, acute kidney injury; ATN, acute tubular necrosis; BPH, benign prostatic hypertrophy; CNI, calcineurin inhibitor; DGF, delayed graft function; FSGS, focal segmental glomerulosclerosis; GI, gastrointestinal; HUS, hemolytic uremic syndrome; mTOR, mammalian target of rapamycin; PTLD, posttransplant lymphoproliferative disorder; TMA, thrombotic microangiopathy.
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    Glomerular Disease Recurrence After Transplantation


    John Manllo Dieck and Nada Alachkar

  


  BACKGROUND


     Glomerulonephritis (GN) recurrence varies widely in terms of incidence and impact on allograft survival.


     Incidence of recurrence


     May be underestimated for various reasons including lack of diagnoses in native kidneys, lack of biopsies performed in allograft kidney, discrepancies in recognizing histologic versus clinical recurrences, short follow-up duration, and/or misdiagnoses of GN due to lack of immunofluorescence/electron microscopy (IF/EM) techniques


     Varying reports of incidence of recurrence may reflect specific immunosuppression regimen.


     Retrospective observation studies have shown a reduction in the incidence of recurrence in patient who received thymoglobulin induction.1


     Using steroid-free or rapid discontinuation of steroid protocols for maintenance immunosuppression may be associated with increase rate of recurrent GN.2


     In general, incidence of recurrence is GN specific3,4:


     Highest recurrence rates are associated with primary focal segmental glomerulosclerosis (FSGS) and membranoproliferative glomerulonephritis (MPGN) (dense deposit disease [DDD], C3 glomerulonephropathy, immune complex–medicated MPGN associated with monoclonal gammopathy).


     Rare recurrence for anti–glomerular basement membrane nephritis


     No recurrence for primary Alport disease (see chapter 4)


     Impact of GN recurrence on allograft survival3,4


     Recurrent GN can adversely affect allograft survival.


     Allograft GN (both recurrent and de novo) has been reported to account for 18% to 22% of death-censored kidney allograft failures.


     Type 1 MPGN and FSGS have been reported to have the highest rate of recurrence with subsequent graft loss, followed by immunoglobulin A (IgA) nephropathy (IgAN) (American Transplant Congress, 2015).


     Clinical presentation


     The diagnosis of recurrent disease requires histologic diagnosis of the same disease in native kidneys.


     Early diagnosis with close monitoring and prompt intervention is key to slowing disease progression and allograft lost.


     Kidney allograft loss due to recurrent glomerular disease is not a contraindication for retransplantation. The decision for retransplantation must be individualized.


  IMMUNOGLOBULIN A NEPHROPATHY


  Pathophysiology of immunoglobulin A nephropathy in native kidneys


     IgAN is a GN thought to predominantly arise from the presence of galactose-deficient IgA1 (Gd-IgA1), subsequent auto-antibody production against the undergalactosylated IgA1, formation and deposition of the Gd-IgA1 immune complex in renal mesangium, followed by activation of the (C3) complement system leading to renal injury.


     IgAN may be classified as primary or secondary:


     Primary IgAN may present as renal involvement only or as a systemic disease (Henoch-Schönlein purpura).


     Secondary IgAN may be associated with pathologies that involve organs that produce (gastrointestinal [GI] tract, skin, lungs) or clear (liver) IgA, inflammatory conditions that stimulate IgA production, or autoimmune diseases.


  Recurrence of Immunoglobulin A nephropathy


     The incidence of recurrent histologic IgAN has been reported to range from 10% to 65% with associated risk of graft loss at 2% to 16%.5 This wide variation is attributed to studies having different indications for allograft biopsies (protocol biopsy vs clinical indication) and duration of follow-up.


     Clinical evidence of recurrence (ie, persistent microscopic hematuria, new or worsening proteinuria, and/or worsening serum creatinine) is rare during the first 3 to 5 years and may be present in 30% of patients at long-term follow-up.4,6 Histologic recurrent IgAN (with or without clinical evidence) is more common and presents earlier in the posttransplant period. Histopathologic findings of recurrent IgAN are discussed in chapter 9.


     The use of triple immunosuppressant therapy has reduced the incidence of recurrent IgAN.7


     Risk factors for IgAN recurrence4,6,8–11


     Younger age


     Aggressive course of disease in native kidneys


     Loss of prior allograft to IgAN recurrence


     Living versus deceased donation (Existing data are inconsistent. It is not recommended to avoid living donor transplant in IgAN.)


     Steroid-free regimen


     Others: Polymorphisms in interleukin (IL)-10; human leukocyte antigen (HLA)-B8-DR3 haplotype; HLA antigens HLA-B8, HLA-B35, HLA-DR3, and HLA-DR4 may be associated with recurrence; HLA antigens HLA-A2 and HLA-B46 may be protective against developing recurrence.


     Factors associated with progression and poor outcome in recurrent IgAN


     Proteinuria of >1 g/d


     Glomerular sclerosis >30% on a kidney biopsy


     Allograft survival for recurrent primary IgAN4,7,9,10,12


     Generally better compared with that of other glomerulopathies


     Graft survival in patients with IgA recurrent disease is similar within the first 10 years compared to patients without IgA recurrence.


     Allograft loss within the first 3 years after transplant is rare.


     The natural course of IgAN is altered due to the use of immunosuppression.


  Treatment


     There are limited options for the treatment of recurrent IgA.


     Immunosuppressive induction with antithymocyte globulin has been shown to decrease the rate of recurrence.1,13


     The use of angiotensin-converting enzyme inhibitors (ACEi) has been shown to reduce proteinuria.


     The use of fish oil has not been studied in details in transplant patients.


     If patient is on a steroid-free protocol, add prednisone back to immunosuppressive regimen. Pulse dose steroid can be used if recurrent disease does not respond to optimization of maintenance immunosuppression, tight blood pressure control, and ACEi.


     In patients with aggressive disease (crescentic IgA) or rapidly progressive disease, cyclophosphamide may be used. If cyclophosphamide is used, discontinue antimetabolite (eg, mycophenolate, azathioprine) from the maintenance immunosuppressive regimen to avoid excessive bone marrow suppression.


  FOCAL SEGMENTAL GLOMERULOSCLEROSIS


  Pathophysiology of focal segmental glomerulosclerosis in native kidneys


     FSGS refers to a morphologic pattern of glomerular injury that may arise from a primary podocytopathy or secondary process including adaptive FSGS (nephron mass reduction), genetic FSGS (apolipoprotein L1 [APOL1] susceptibility gene vs high-penetrance mutations), and infection/inflammation-associated and medication-associated FSGS.


     Primary FSGS refers to primary podocytopathy thought to be due to the presence of circulating permeability factors (proposed factors include cardiotrophin-like cytokine-1 circulating factor, apolipoprotein A-1b [apoA1b], anti-CD40, soluble urokinase-type plasminogen activator receptor [suPAR]).4,14,15


  Recurrence of focal segmental glomerulosclerosis


     Primary FSGS commonly recurs after kidney transplant. It has been reported to be as high as 30% to 50% despite the use of immunosuppressive therapy.


     Recurrence is thought to be primarily due to the presence of circulating permeability factors in the recipient.


     Primary FSGS may recur immediately or months to years following transplant.


     Risk factors for recurrence include4,14–16


     Younger age at time of diagnoses.


     Patients with rapid progression to end-stage kidney disease (ESKD) especially if <3 years.


     White race.


     High level of proteinuria (associated with 60% of recurrence).


     First graft lost due to recurrence (associated with 80% of recurrence).


     With the exception of podocin mutations (NPHS2), genetic forms of FSGS including those with the high-risk APOL1 genotype have a very low risk of recurrence.4


     Secondary FSGS does not recur in the renal allograft if the underlying etiology leading to FSGS has been modified.


  Clinical presentation


     It is recommended to have a baseline urine protein to creatinine ratio prior to transplant so that FSGS recurrence may be promptly diagnosed when there is a posttransplant rise in proteinuria.


     Posttransplant urine protein to creatinine ratio should be monitored closely, particularly in high-risk patients, in order to detect early recurrence.


     Diagnosis of recurrent FSGS is challenging because histologic characteristics of FSGS take time to develop.


     Light microscopy may be normal.


     EM may reveal diffuse podocyte effacement within hours following transplant (see chapter 9).


  Treatment


     Optimize immunosuppression and ensure patient is on triple immunosuppressive regimen.


     Combination plasmapheresis and intravenous immunoglobulin (IVIG)14,17,18


     Typical plasmapheresis regimen: 1 plasma volume exchange daily × 3 consecutive days, followed by every other day to complete a total of 9 to 10 treatments


     IVIG infusion (100 mg/kg) after each session of plasmapheresis


     Rituximab (375 mg/m2/dose for 2-6 doses, at 1-2 week apart): In a retrospective study involving 22 patients with recurrent FSGS, combined plasmapheresis and rituximab therapy was shown to result in greater reduction in proteinuria compared to that of plasmapheresis alone.14,15,17,19,20


     Prophylactic plasmapheresis: conflicting data


     Other suggested therapies that require further studies: galactose infusion therapy to bind and clear FSGS permeability factor from circulation, cyclophosphamide, abatacept


     Adrenocorticotropic hormone (ACTH) analogue gel has been proposed as a potential therapy for patients who fail to respond to conventional therapy with plasmapheresis and rituximab. A small retrospective study consisting of 20 patients with de novo or recurrent refractory FSGS demonstrated that ACTH gel 80 units sub-q two times a week for 6 months resulted in significant improvement in proteinuria. Fifty percent of patients achieved complete or partial remission.21


  MEMBRANOUS NEPHROPATHY


  Pathophysiology of membranous nephropathy in native kidneys


     Membranous nephropathy (MN) is a glomerular disease caused by the deposition of antibody-antigen (Ab-Ag) complexes at podocytes leading to complement activation, formation of C5b-9, podocyte release of oxidants and proteases, and glomerular injury.


     MN is traditionally categorized as idiopathic and secondary forms.


     Idiopathic MN is more recently referred to as primary MN, a form of autoimmune disease associated with autoantibodies formed against endogenous antigens (eg, anti-phospholipase A2 receptor 1 [anti-PLA2R], antithrombospondin type 1 domain-containing 7A).22,23


     Secondary MN is thought to arise from the formation of antibodies against exogenous antigens (eg, infectious, drug, tumor antigens) or dysregulated formation of autoantibodies against self-antigens classically seen in lupus.


  Recurrence of membranous nephropathy


     Recurrence of primary MN in the renal allograft has been reported as high as 40% to 50%.4,24,25


     Clinical recurrent MN typically present between 2 and 3 years after transplant.


     Histologic recurrence without any clinical evidence of disease occurs most often during the first year posttransplant.24


     Risks of MN recurrence


     High levels of proteinuria pretransplant (hazard ratio, 1.869 [95% confidence interval, 1.164-3.001] per gram of proteinuria pretransplant, P = .010)25


     Positive anti-PLA2R antibodies before transplantation is associated with a 60% to 76% chance of histologic recurrence,4,23,25 whereas absence of these autoantibodies reduces the recurrence risk to below 30% (hazard ratio = 3.761 [1.635-8.652], P = .002).25


     Anti-PLA2R antibodies decline in 50% of the patients posttransplant.4 The decline in antibodies has been associated with reduced recurrence risk and slower rate of progression in those with recurrent disease. In contrast, high anti-PLA2R level posttransplant is associated with increased recurrence risks, rapid disease progression, and likely resistance to therapy.


     Secondary MN does not recur in the renal allograft if the underlying etiology has been treated.


  Clinical manifestations


     New-onset proteinuria of varying severity with or without nephrotic syndrome


     Renal function is often normal at the time of presentation (observed in studies involving protocol biopsies).


  Treatment


     ACEi or angiotensin receptor blocker (ARB) in patients with minimal clinical evidence of disease (normal estimated glomerular filtration rate [eGFR] and proteinuria <1 g/d) and only histologic evidence of recurrent MN, in addition to tight blood pressure control and close monitoring


     Ensure patient is on a triple immunosuppressive regimen including a calcineurin inhibitor (CNI).


     Glucocorticoids


     In patients with worsening proteinuria and/or decreasing eGFR, pulse dose of steroids with a slow taper alone (eg, IV methylprednisolone 500-1,000 mg daily × 3 days followed by 1 mg/kg of prednisone orally daily [typically 60-80 mg daily] tapered by 20 mg every 2 weeks) or in combination with cyclophosphamide (expert opinion)


     If cyclophosphamide is used, antimetabolite (eg, mycophenolate or azathioprine) needs to be discontinued due to high risk of bone marrow suppression.


     Rituximab4,26,27


     May achieve over 80% of partial or complete remission at 24 months and partial resolution of histologic changes with resorption of electron-dense immune deposits


     Rituximab has been recommended by some experts as first-line therapy for recurrent MN regardless of anti-PLA2R levels (most common rituximab regimen is 375 mg/m2 weekly for 2-4 doses). It may be used without altering the maintenance immunosuppression regimen.


  MEMBRANOPROLIFERATIVE GLOMERULONEPHRITIS


  Pathogenesis of membranoproliferative glomerulonephritis in native kidneys


     MPGN refers to a glomerular pattern characterized by endocapillary proliferation, capillary wall remodeling (with formation of double contours), and mesangial hypercellularity, all leading to lobular accentuation of glomerular tufts.


     MPGN may be associated with a heterogeneous group of diseases. Classification of MPGN may be based on the underlying mechanism of disease: immune complex–mediated, complement-mediated, or neither (ie, thrombotic microangiopathy [TMA]).


     Immune complex–mediated MPGN typically involves subacute or chronic active infections, autoimmune diseases, and paraproteinemias (monoclonal gammopathy).


     Complement-mediated MPGN may involve autoantibody formation against C3 convertase (C3 nephritic factor) and complement regulators (factor H, I, or B) or mutations/allele variants of various complement factors or complement regulators.


     Dysregulation of alternative complement pathway associated with MPGN may be subdivided into DDD and C3 glomerulonephritis (C3GN) based on EM findings (histopathologic findings of DDD are discussed in chapter 9). Both disease entities, however, are thought to be part of a continuum of the same condition. Differences in histopathology may be due to the degree or site, or both, of the dysregulation of the alternative pathway.


     DDD: characterized by osmiophilic, sausage-shaped, wavy, dense deposits that replace glomerular basement membrane (GBM) and also occur in mesangium. Features of partial lipodystrophy and ocular drusen may accompany MPGN II.


     C3GN: characterized by mesangial, subendothelial, and sometimes subepithelial and intramembranous deposits


     MPGN without immune complexes or complement: TMA


  Recurrence of membranoproliferative glomerulonephritis


     Studies on the recurrence of idiopathic MPGN are very limited due to the low incidence of MPGN.28


     Recurrence occurs early posttransplant, typically within the first year.4,29


     Reported range of recurrence in MPGN is widespread, ranging from 20% up to 100%.4,6,28,29


     Rate of recurrence and associated graft loss depends on the subtype of MPGN:


     Complement-mediated MPGN has the highest risk of recurrence.4,28,29


     The recurrence risk for C3GN may exceed 70%. Graft loss may occur in nearly half of recurrent cases.4


     DDD recurrence has been reported to range from 70% to 100% with associated graft loss of up to 25%.4,6,29


     Immune complex GN risk of recurrence varies depending on the type of the depositions.4,29


     Monoclonal Ig recurrence rate is approximately 66%.


     Polyclonal Ig recurrence rate is 30% to 35%.


     DDD and MPGN with polyclonal Ig deposition recur in late posttransplant and have a slower rate of progression.4,29


     Factors associated with MPGN recurrence28,29


     Subtypes of MPGN


     Complement-mediated MPGN (C3GN and DDD)


     Immune complex-mediated MPGN associated with presence of monoclonal gammopathy


     Young age


     Aggressive disease in the native kidneys (crescents present on biopsy)


     Low-serum complement levels at the time of transplantation


     The presence of HLA antigens B8, B49, DR3, and DR4


  Treatment


     There is limited information regarding treatment of recurrent idiopathic MPGN.


     ACEi or ARB can be used with a goal to decrease proteinuria to <1 g/d.


     In patients with nephrotic-range proteinuria or declining of renal function


     Consider increasing prednisone to 1 mg/kg for 3 to 4 months followed by a slow taper per clinical response at the discretion of the treating clinician.


     Consider increasing antimetabolite (eg, mycophenolate mofetil to 1,500 mg twice daily).


     In patients with refractory treatment or rapidly progressive disease


     Pulse dose steroid followed by a slow taper


     Cyclophosphamide may also be considered if necessary and safely tolerated.


     In patients with immune complex GN


     Consider rituximab with the aim to reduce antibody production.4,28,30


     Plasma exchange may be considered in some cases. In patients with aggressive disease (ie, rapidly progressive GN or crescents on biopsy), treatment with a combination of pulse dose steroids, cyclophosphamide, and plasmapheresis (1-1.5 plasma volume exchanges) for 1 to 6 consecutive days, followed by every other day, has been suggested (case reports and expert opinion). Duration of treatment depends on clinical response (eg, serum creatinine, reduction in proteinuria).


     In patients with recurrent C3GN and DDD, the use of eculizumab, a monoclonal IgG antibody against complement protein C5 that prevents formation of C5b and subsequent formation of membrane attack complex, has been suggested.28,31


  ATYPICAL HEMOLYTIC UREMIC SYNDROME


     Atypical hemolytic uremic syndrome (aHUS) or complement-mediated hemolytic uremic syndrome is characterized by overactivation and dysregulation of the alternative complement pathway.


     aHUS is mostly caused by genetic abnormalities involving regulatory complement factors.32


  Recurrence of atypical hemolytic uremic syndrome


     Recurrence typically occurs within 1 year of transplant.


     aHUS recurrence can be triggered by32


     Endothelial injury.


     Ischemia-reperfusion injury.


     Infections (cytomegalovirus [CMV], influenza, parvovirus B19, BK virus, upper respiratory infections, GI infections).


     Allograft rejection.


     aHUS is associated with a very high risk of recurrence after kidney transplant in patients with mutations involving circulating factors.32


     Mutations in complement factor H and factor I have been reported to occur in >70% with significant irreversible graft failure.


     Mutation in membrane cofactor protein has low risk of recurrence unless it is associated with other mutations.


     In patients with mutations with high risk of recurrence, prophylactic eculizumab administration is recommended.


  Clinical presentation


     Microangiopathic hemolytic anemia


     Thrombocytopenia without evidence of disseminated intravascular coagulation


     End-organ damage (acute kidney injury, hematuria, proteinuria [usually mild])


  Treatment


     Eculizumab32 (Dosing is dependent on patient’s weight and is divided in induction and maintenance dose.)


     Plasmapheresis was first-line therapy until eculizumab was introduced.


     Combined liver-kidney transplant has been described as complement factors that are synthesized in the liver.


  LUPUS NEPHRITIS


  Pathophysiology of lupus nephritis in native kidneys


     Lupus nephritis arises from the systemic production of autoantibodies against nuclear antigens (eg, double-stranded DNA [dsDNA], ribonucleoproteins, complement factors [eg, C1q]), subsequent immune complex formation and depositions in the glomerular basement membranes, followed by inflammatory response and glomerular injury.


     Classification of lupus nephritis is based on histopathologic findings.


     Among patients with proliferative lupus nephritis, 10% to 30% progressed to end-stage kidney disease (ESKD).33


  Recurrence of lupus nephritis


     The rate of clinical recurrent lupus ranges from 2% to 30% with graft loss rate of <5%.34


     The low rate of recurrence and less severe pathologic findings are associated with the use of immunosuppressive agents in modifying disease.34


     Recurrence can occur early after transplant; most recurrence occurs within 10 years after transplant.


     Disease recurrence may manifest as elevated serum creatinine, varying degrees of proteinuria and hematuria. Serologic testing, however, is not useful in assessing recurrence. If recurrence is suspected, allograft biopsy should be performed.


     Steps to minimize recurrence and optimize outcomes in the allograft kidney


     Attainment of disease quiescence or remission is recommended prior to transplantation, especially among patients who developed rapidly progressive disease. Disease quiescence is defined as


     No need for cytotoxic agents for at least 6 months.


     Good disease control on <10 mg of prednisone per day.


     In patients with rapid progression to ESKD, consider a waiting period of at least 3 months on dialysis.


     Patients should be screened for antiphospholipid antibodies and be treated accordingly prior to transplantation.


     Avoid steroid-free immunosuppressive regimens.


  Treatment


     Patient with mild pathologic changes and proteinuria should be on ACEi or ARB.


     Patients with moderate to severe pathologic changes, worsening renal function, and/or worsening proteinuria (>500 mg/d)


     Pulse dose steroids


     Increase dose of mycophenolate (3 g/d)


     Course of cyclophosphamide


     Metabolite must be discontinued if cyclophosphamide is used.


     Optimal dose of cyclophosphamide in treating recurrence is not known; dose is extrapolated from native kidneys trials.


     Rituximab has also been reported in uncontrolled trials and case reports as a potential treatment in patients who have failed other therapies.


     Dose used is extrapolated from recommended doses for other glomerular diseases (375 mg/m2/wk for four doses).


  ANTI–GLOMERULAR BASEMENT MEMBRANE DISEASE


  Pathophysiology of anti–glomerular basement membrane disease in native kidneys


     Autoimmune disease with antibody formation against the noncollagenous (NC1) domain of type IV collagen chain, α3(IV)NC1, also known as the “Goodpasture antigen” or antibody formation against any other GBM constituents, α3-α5(IV) chains


     It is recommended to have at least 6 months of negative anti-GBM antibody titer prior to proceeding to kidney transplantation.


  Recurrence of anti–glomerular basement membrane disease


     Clinical recurrence is low with current use of triple immunosuppressive therapy.35


     Histologic recurrence is common (reportedly 50%) if kidney transplant is performed while patient still has circulating antibodies.35


     Recurs late after transplant, usually after 1 year


     If recurrence occurs, graft loss is approximately 50%.35


     De novo anti-GBM may develop after transplant in patients whose primary disease is Alport syndrome. High risk for anti-GBM disease in patients with Alport syndrome involves males with X-linked COL5A large deletional mutations.35


  Treatment


     Ensure patient is on triple immunosuppression.


     Consider increase of mycophenolate.


     Pulse dose steroids


     In patients with severe disease or pulmonary involvement, cyclophosphamide and plasmapheresis are recommended.


  ANTINEUTROPHIL CYTOPLASMIC AUTOANTIBODY–ASSOCIATED VASCULITIS


     Antineutrophil cytoplasmic autoantibody (ANCA)-associated vasculitis are a group of small vessel vasculitis that include granulomatosis with polyangiitis, microscopic polyangiitis, eosinophilic granulomatosis with polyangiitis, and renal limited vasculitis (pauci-immune GN with only renal manifestations).


     ANCA target antigens include proteinase 3 (PR3) and myeloperoxidase (MPO), which are located in the azurophilic granules of neutrophils and the peroxidase-positive lysosomes of monocytes.


     About 20% to 30% of patients with ANCA-associated vasculitis develop ESKD within 5 years.36,37


  Pathophysiology of antineutrophil cytoplasmic autoantibody–associated vasculitis


     Primed neutrophils with tumor necrosis factor α (TNF-α) and other cytokines express antigens (PR3 and MPO) on their cell surface. ANCA binds to these antigens causing release of IgG from granules, chemoattractants, and cytotoxic oxygen free-radical species that damage surrounding endothelial cells.


     Primed neutrophils adhere to vascular endothelium attracting other neutrophils that perpetuates the damage of the endothelium.


  Recurrence of antineutrophil cytoplasmic autoantibody–associated vasculitis


     Risk of vasculitis recurrence is lower in transplant patients, thought to be due to the use of immunosuppression.36,37


     With the introduction of triple immunosuppression, patient and graft survival in patients with ESKD secondary to ANCA-associated vasculitis is similar to that of nondiabetic control population.36


     Recurrence of ANCA-associated vasculitis has been reported from 9% to 50%.37


     Time from transplantation to recurrence varies in studies: It has been reported from days to years, with a mean time of 2.5 years.


     Five-year patient survival has been reported between 77% and 96%.36


     Five-year allograft survival has been reported between 60% and 100%.36


     Ten-year allograft survival rate has been reported around 80%.37


     Recurrence rates have decreased in recent times, thought to be due to the use of newer antirejection medications.


     Risks of recurrence


     Recurrence has been suggested to be higher in patients with granulomatosis with polyangiitis than in those with microscopic polyangiitis.


     Recurrence of disease after transplant is the same between PR3 and MPO ANCA-positive patients.36


     Some studies have shown an association between ANCA positivity at the time of transplant and increased risk for relapse, but these studies are not consistent.36,37


     ANCA-positive titer at the time of transplantation is not a contraindication for transplantation if the disease in remission. However, these patients should be followed more closely.36


     There are reports of successful transplantation during active disease, but recommendation is to wait until disease has been in remission for at least 1 year prior to transplantation.36


     ANCA levels after transplant have not been shown to predict recurrence. Monitoring ANCA levels after transplant is not recommended.


  Clinical presentation


     ANCA-associated vasculitis can relapse with extrarenal manifestation (eg, pulmonary hemorrhage).


     Renal manifestations of relapse include hematuria, non–nephrotic-range proteinuria, and elevated serum creatinine.


     A kidney biopsy of the renal allograft is required for diagnosis.


  Treatment


     Induction immunosuppression is recommended. Most experts recommend thymoglobulin induction.


     Treatment of recurrence consists of pulse dose of steroids, cyclophosphamide, and plasmapheresis depending on severity and extrarenal manifestations.


     Treatment options are extrapolated from native kidney disease.36


     Pulse dose of steroids (IV methylprednisolone 500 mg daily for 3 days, followed by prednisone 60 mg daily with a slow taper after 4 weeks)


     IV cyclophosphamide 0.75 g/m2 every 4 weeks


     Note: Once Cyclophosphamide (CYC) is started, antimetabolite has to be discontinued.


     Plasmapheresis 1 to 1.5 plasma volume exchanges, every other day for a total of seven to eight treatments with albumin as a replacement fluid and fresh frozen plasma as needed (Coagulation studies and fibrinogen levels should be checked daily with plasmapheresis. Fresh frozen plasma and cryoprecipitates may be used as needed based on coagulation studies and fibrinogen levels.)


     Plasmapheresis is recommended if there is extrarenal manifestation affecting the lungs (ie, alveolar hemorrhage).


     Rituximab (375 mg/m2/wk for four doses) is used for treatment of native kidney ANCA-associated vasculitis. There are case reports of successful treatment of recurrence after transplant.36
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      CHAPTER 9

    


    Kidney Allograft Biopsy: Banff Classification and Other Transplant Histopathology


    Cynthia C. Nast

  


  GENERAL OVERVIEW


     Banff classification so named because the first International Consensus Meeting on kidney allograft pathology was held in Banff, Canada (in 1991).1


     The updated 2017 Banff classification is categorized into six broad categories.


     Banff classification


     Predominantly refers to categories of transplant rejection (Banff categories 1-5)2,3


     Other changes not considered to be caused by acute or chronic rejection are listed under Banff category 6. These include


     Acute tubular necrosis.


     Polyoma (BK) virus nephropathy.


     Calcineurin inhibitor nephrotoxicity.


     Pyelonephritis.


     Drug-induced interstitial nephritis.


     Posttransplant lymphoproliferative disease.


     Recurrent disease.


     De novo glomerulopathy (other than transplant glomerulopathy [TG]).


     Few lesions are not included in the Banff classification.


  BANFF CLASSIFICATION CATEGORIES


  Banff categories 1 to 6 are discussed in the following text. Banff category 2 is also summarized in Table 9-1.


  
    TABLE 9-1  Banff Category 2


    
      
        
          	
            Antibody-mediated changes

          

          	
            Acute antibody-mediated rejection (ABMR)

          
        


        
          	
            Histologic and other features


            Acute/active antibody-mediated injury


            Microvascular inflammation (glomerulitis or peritubular capillaritis)


            •    Arterial inflammation


            •    Thrombotic microangiopathy without other cause


            •    Acute tubular injury without other cause

          

          	
            1.  One or more histologic features of active antibody-mediated injuryb


            2.  Evidence of antibody-mediated vascular injuryb


            3.  Evidence of donor-specific antibodiesb

          
        


        
          	
            Chronic antibody-mediated injury

          

          	
            Chronic active ABMR

          
        



        
          	
            •    Transplant glomerulopathy (TG); glomerular capillary double contours with new layers of subendothelial basement membrane material


            •    Identified by EM only (cg1a)a


            •    Identified by light microscopy (cg1b-cg3)a


            •    Multilayered peritubular capillary basement membranes (seen by EM)


            •    New onset arterial intimal fibrosis without other cause

          
          
          	
            1.  Histologic features of chronic antibody-mediated injuryb


            2.  Evidence of antibody-mediated vascular injuryb


            3.  Evidence of donor-specific antibodiesb

          
        


        
          	
            Evidence of antibody-mediated vascular injury

          

          	
            Chronic ABMR

          
        


        
          	
            •    Peritubular capillary C4d staining in >10% by IF or >0% by immunohistochemistry


            •    Expression of validated ABMR-associated gene transcripts in renal tissue


            •    Moderate glomerulitis and/or peritubular capillaritis (see reference for details)

          

          	
            1.  Histologic features of chronic antibody-mediated injuryb


            2.  Prior documented active or chronic active ABMR or prior documented DSA

          
        


        
          	
            Evidence of donor-specific antibodies (DSAs)

          

          	
             

          
        


        
          	
            •    Positive test for DSA

          

          	
             

          
        


        
          	
            •    Positive peritubular capillary C4d staining

          

          	
             

          
        



        
          	
            •    Expression of validated ABMR-associated gene transcripts in renal tissue

          

          	
            C4d staining without evidence of rejection (see text)

          
        

      
    


    Abbreviations: IF, immunofluorescence; EM, electron microscopy.


    aQuantitative criteria for glomerular double contour score (also known as cg score) ranges from no glomerular basement membrane double contours by light microscopy or EM (cg0) to double contours affecting >50% of peripheral capillary loops in the most affected glomerulus (cg3). Detailed discussion is beyond the scope of this chapter.


    bSee left column for detailed criteria


    Roufosse C, Simmonds N, Clahsen-van Gronigen M, et al. A 2018 reference guide to the Banff classification of renal allograft pathology. Transplantation. 2018;102(11):1795-1814.

  


     Category 1: normal biopsy or nonspecific changes


     Nonspecific changes


     Inflammation that does not meet any of the following diagnostic criteria


     Mild glomerular injury that does not meet any of the following diagnostic criteria


     Category 2: antibody-mediated changes3,4,5


     Histologic features of antibody-mediated injury (Figure 9-1)


  
    

    Figure 9-1  Features of Antibody-Mediated Rejection
 A, Leukocytes, predominantly monocytes, and swollen endothelial cells within and occluding glomerular capillary lumens (arrows) (glomerulitis, active lesion) (Jones silver). B, Leukocytes and swollen endothelial cells in peritubular capillary lumens (peritubular capillaritis, active lesion) (arrows) (periodic acid-Schiff). C, Immunofluorescence for C4d showing linear staining of peritubular capillary walls (active lesion). D, Glomerular capillary wall double contours (transplant glomerulopathy, chronic lesion) (Jones silver). E, Electron microscopy of transplant glomerulopathy with new subendothelial layers of basement membrane material (arrow). F, Electron microscopy of a peritubular capillary showing multiple subendothelial layers of basement membrane material (arrow).
  

     Acute/active antibody-mediated injury


     Microvascular inflammation which is semiquantitated


     Glomerulitis—glomerular endocapillary leukocytes and swollen endothelial cells


     Peritubular capillaritis—leukocytes and swollen endothelial cells in cortical peritubular capillary lumens


     Thrombotic microangiopathy without other cause


     Acute tubular injury without other cause


     Arterial inflammation


     Chronic antibody-mediated injury


     TG—glomerular capillary double contours with new layers of subendothelial basement membrane material


     Identified by electron microscopy (EM) only (cg1a)


     Identified by light microscopy (cg1b-cg3)


     Multilayered peritubular capillary basement membranes


     New onset arterial intimal fibrosis without other cause


     Evidence of antibody-mediated vascular injury


     Peritubular capillary C4d staining in ≥10% by immunofluorescence or >0% by immunohistochemistry


     Moderate glomerulitis and/or peritubular capillaritis, with conditions


     Expression of validated antibody-mediated rejection (ABMR)-associated gene transcripts in renal tissue


     Evidence of donor-specific antibodies


     Positive test for donor-specific antibody


     Positive peritubular capillary C4d staining


     Expression of validated ABMR-associated gene transcripts in renal tissue


     Acute/active antibody ABMR


     One or more histologic features of active antibody-mediated injury (see earlier discussion)


     Evidence of antibody-mediated vascular injury


     Evidence of donor-specific antibodies


     Chronic active ABMR (Figure 9-2)6


  
    

    Figure 9-2  Chronic Active Antibody-Mediated Rejection
 The glomerulus has many capillary wall double contours (transplant glomerulopathy) in addition to segmental occluding endocapillary inflammation (arrows, glomerulitis) (Jones silver).
  

     Histologic features of chronic antibody-mediated injury (see earlier discussion)


     Evidence of antibody-mediated vascular injury


     Evidence of donor-specific antibodies


     Chronic ABMR


     Histologic features of chronic antibody-mediated injury (see earlier discussion)


     Prior documented active or chronic active ABMR or prior documented donor-specific antibody


     C4d staining without evidence of rejection7


     Positive C4d stain


     No histologic features of active or chronic active ABMR


     No expression of validated ABMR-associated gene transcripts (if done)


     No histologic features of T cell–mediated rejection (TCMR) or borderline lesions


     In an ABO incompatible transplant, this may represent accommodation.


     Categories 3 and 4: T cell–mediated injury (histologic features)2,3


     Evaluated in renal cortex


     Active/acute injury (Figure 9-3)


  
    

    Figure 9-3  Features of T cell–Mediated Rejection
A, Borderline lesion. Tubular inflammation (tubulitis) with one lymphocyte (arrow) in the tubular cross section and ≥25% interstitial inflammation (periodic acid–Schiff [PAS]). B, Banff grade 1A. Tubulitis with 5 to 10 lymphocytes in the tubular cross section (arrows) and ≥25% interstitial inflammation (Jones silver). C, Banff grade 1B. Tubulitis with >10 lymphocytes in the tubular cross section (arrows) and ≥25% interstitial inflammation (Jones silver). D, Banff grade 2A. Artery with endothelial cell swelling and intimal inflammation (arrow) with <25% luminal involvement (PAS). E, Banff grade 2B. Artery with circumferential intimal inflammation involving ≥25% of the artery lumen (hematoxylin and eosin). F, Banff grade 3. Artery with transmural inflammation (arrow) (PAS).
  

     T lymphocytes in tubular walls between epithelial cells in non-atrophied tubules (tubulitis)


     Number of lymphocytes per tubular cross section (up to 10 tubular epithelial cells) in the most affected tubule


     Inflammation in the unscarred interstitium


     Mononuclear inflammation in artery walls


     This may be indicative of antibody-mediated injury.


     Chronic injury


     Mononuclear inflammation in foci of tubular atrophy/interstitial fibrosis (interstitial fibrosis and tubular atrophy [IFTA])


     Tubulitis in mildly or moderately atrophic tubules


     Category 3: borderline changes for TCMR3,8


     Up to 25% interstitial inflammation with any degree of tubulitis


     More than 25% interstitial inflammation and 1 to 4 lymphocytes/tubular cross section


     Considered suspicious for acute TCMR


     Category 4: TCMR2,3


     Acute TCMR (type 1 rejection)


     Banff grade 1A


     More than 25% unscarred interstitial inflammation


     Tubulitis with 5 to 10 lymphocytes


     Banff grade 1B


     More than 25% unscarred interstitial inflammation


     Tubulitis with >10 lymphocytes or any degree of tubulitis with tubular rupture


     Banff grade 2A


     Subendothelial artery inflammation (endarteritis, intimal arteritis, endothelialitis) with <25% vascular luminal occlusion


     Any degree of interstitial or tubular inflammation


     Banff grade 2B


     Subendothelial artery inflammation (endarteritis, intimal arteritis, endothelialitis) with ≥25% vascular luminal occlusion


     Any degree of interstitial or tubular inflammation


     Banff grade 33,4


     Mononuclear arterial inflammation which is transmural and/or with smooth muscle fibrinoid necrosis


     Any degree of interstitial or tubular inflammation


     May reflect ABMR


     Chronic active TCMR (Figure 9-4)


  
    

    Figure 9-4  Chronic Active T cell–Mediated Rejection
 A, The upper half of the renal cortical core (arrow) shows >25% inflamed interstitial fibrosis/tubular atrophy (i-IFTA) (periodic acid–Schiff [PAS]). B, Tubulitis (arrows pointing to some of the intratubular lymphocytes) in moderately and very mildly atrophic tubules (grade 1 lesion) (Jones silver). C, Artery with inflammation in the thickened fibrotic intima (arrows) (grade 2 lesion) (PAS).
  

     Banff grade 1A


     More than 25% IFTA with inflammation (i-IFTA) without other known cause of inflamed fibrosis (chronic pyelonephritis, chronic polyoma virus infection)


     More than 25% inflamed total cortical interstitial area


     Tubulitis with 5 to 10 lymphocytes in preserved to moderately atrophic tubules


     Banff grade 1B


     More than 25% i-IFTA without other known cause of inflamed fibrosis


     More than 25% inflamed total cortical interstitial area


     Tubulitis with >10 lymphocytes in preserved to moderately atrophic tubules


     Banff grade 2


     Artery with mononuclear inflammation in intimal fibrosis (chronic allograft arteriopathy)


     Category 5: IFTA3,9


     Indicate if and how extensive there is associated inflammation (i-IFTA).


     Grade I: ≤25% cortical IFTA (mild IFTA)


     Grade II: 26% to 50% cortical IFTA (moderate IFTA)


     Grade III: >50% cortical IFTA (severe IFTA)


     More than 25% i-IFTA (grade II or III) associated with worse outcome


     Category 6: other changes not considered to be caused by acute or chronic rejection


     Acute tubular injury/necrosis (Figure 9-5)


  
    

    Figure 9-5  Acute Tubular Injury/Necrosis
There is loss of proximal tubular cell brush border staining with epithelial cell simplification, reduction in cytoplasmic volume, and degeneration with sloughing (arrow) into the relatively dilated tubular lumens. Note there is no tubulointerstitial inflammation (periodic acid–Schiff).
  

     Tubular cells are flattened, simplified with loss of proximal cell brush borders, degenerated, or necrotic; there may be mitotic figures with regeneration.


     Tubular lumina appear relatively dilated.


     Interstitial edema with no to minor inflammation


     Polyoma (BK) virus nephropathy (Figure 9-6)10,11


  
    

    Figure 9-6  Polyoma Virus Nephropathy
 A, Tubular cell nuclei (arrows) showing “cytopathic” change including viral inclusions, nuclear enlargement, and tubular cell degeneration with sloughing into tubular lumens (Jones silver). B, Immunohistochemical stain for polyoma virus (SV40 antigen) showing positive staining within enlarged tubular cell nuclei (arrows).
  

     Viral inclusions in tubular cell (and rarely glomerular parietal cell) nuclei with enlarged “ground glass” nuclei and tubular cell necrosis


     Requires immunohistochemical (SV40) staining for confirmation


     May only be identified with SV40 staining


     Tubulointerstitial inflammation, often focal with prominent plasma cells, preferentially in distal tubules and collecting ducts


     Banff polyoma virus histologic classification


     Class 1


     Viral inclusions in ≤1% all tubules/collecting ducts


     0% to 25% interstitial fibrosis


     Class 2


     Viral inclusions in ≤1% of all tubules/collecting ducts and >25% interstitial fibrosis or


     Viral inclusions in >1% to 10% of all tubules/collecting ducts and any extent of interstitial fibrosis or


     Viral inclusions in >10% of all tubules/collecting ducts and 0% to 25% interstitial fibrosis


     Class 3


     Viral inclusions in >10% all tubules/collecting ducts and >25% interstitial fibrosis


     Calcineurin inhibitor nephrotoxicity (Figure 9-7)12


  
    

    Figure 9-7  Calcineurin Inhibitor Nephrotoxicity
 A, Proximal tubule (arrow) with all epithelial cells containing cytoplasmic isometric vacuoles. Note the adjacent tubule (on the right) has no vacuoles in the epithelium (Masson trichrome). B, Arterioles with outer nodular hyalinization (arrows) (periodic acid–Schiff). C, “Striped” interstitial fibrosis and tubular atrophy without significant inflammation (arrows) (Jones silver).
  

     Acute


     Tubular cell isometric vacuolization preferentially in the proximal tubule S3 segment


     Tubular cell flattening and simplification with relative luminal dilatation


     Variable interstitial edema without tubulointerstitial inflammation


     Chronic


     Arteriolar hyalinosis in an outer nodular pattern


     Focal (“striped”) IFTA without inflammation


     Enlarged juxtaglomerular apparatus


     Thrombotic microangiopathy—also may occur with mammalian target of rapamycin (mTOR) inhibitors (Figure 9-8)


  
    

    Figure 9-8  Calcineurin Inhibitor-Induced Thrombotic Microangiopathy
 A, Glomerular capillaries are occluded by fibrin thrombi (arrows) (Masson trichrome). B, Arterioles have muscular hypertrophy, swollen endothelial cells, luminal narrowing, and thrombosis (arrows) (Jones silver). C, Chronic glomerular thrombotic microangiopathy (TMA) changes with capillary wall double contours (arrows). Note the similarity to transplant glomerulopathy. These changes are the same in all forms of TMA including recurrent hemolytic uremic syndrome (HUS) (Jones silver).
  

     Acute


     Muscular hypertrophy, endothelial cell swelling, mucoid intimal thickening, and mural fibrin in arterioles and interlobular arteries


     Thrombosis of glomerular capillaries; arterioles; and less often, interlobular arteries


     Glomerular capillary subendothelial lucent zones with flocculent material and endothelial cell swelling


     Chronic


     Glomeruli with ischemic capillary wall wrinkling and/or capillary double contours with subendothelial flocculent material and new subendothelial basement membrane deposition seen on EM


     This has the same morphology as TG, and assessment for ABMR features is necessary.


     Fibrosing vasculopathy with myointimal thickening, arteriolar hyalinosis, and arterial intimal fibrosis


     Pyelonephritis


     Tubulointerstitial neutrophil infiltrates, which may be more prominent in the medulla


     Drug-induced interstitial nephritis


     Edema and interstitial inflammation, which may be prominent at the corticomedullary junction with or without many eosinophils


     Tubulitis less pronounced relative to interstitial inflammation compared with TCMR


     May be very difficult to differentiate from TCMR; requires clinical correlation


     Posttransplant lymphoproliferative disorder (PTLD) (Figure 9-9)13


  
    

    Figure 9-9  Posttransplant Lymphoproliferative Disorder
 A, Early lesion with lymphocytes, plasma cells, and few immunoblasts without atypia (hematoxylin and eosin [H&E]). B, Epstein-Barr virus in situ hybridization is positive in lymphocyte nuclei (arrows). C, Polymorphic posttransplant lymphoproliferative disorder (PTLD) showing immunoblasts and few plasma cells (H&E). D, Monomorphic PTLD with the appearance of a diffuse large B-cell lymphoma (H&E).
  

     Fifty percent to 72% associated with Epstein-Barr virus (EBV) infection


     Eighty-five percent B cell, 14% T cell, 1% natural killer (NK) cell


     Four categories based on morphology, clonality, and molecular criteria (Table 9-2 and Figure 9-9)


  
    TABLE 9-2  World Health Organization (WHO) Classification of Posttransplant Lymphoproliferative Disorder (PTLD)


    
      
        
          	
            Categories

          

          	
            Histopathology

          

          	
            EBV association/Comments

          
        


        
          	
            Early lesions

          

          	
            •    Plasmacytic hyperplasia: many polyclonal plasma cells with occasional immunoblasts and lymphocytes


            •    Infectious mononucleosis-like: many immunoblasts, with T lymphocytes and plasma cells


            •    Florid follicular hyperplasia (included in the 2016 WHO classification of lymphoid neoplasms)

          

          	
            Usually EBV positive


            No or very focal clonality, no atypical morphology

          
        


        
          	
            Polymorphic PTLD

          

          	
            •    Lymphocytes, plasma cells, and immunoblasts may be Reed-Sternberg–like cells.


            •    Often monoclonal, may have necrosis

          

          	
            Often EBV positive


            Cellular atypia, gene rearrangements may occur

          
        


        
          	
            Monomorphic PTLD

          

          	
            •    Fulfills WHO criteria for non-Hodgkin lymphoma or plasma cell neoplasm


            •    B cell (most common)


            •    Diffuse large B-cell lymphoma, not otherwise specified


            •    Burkitt lymphoma


            •    Plasmacytoma-like lesions and plasmacytoma


            •    Other


            •    T cell/NK cell: EBV negative


            •    Peripheral T-cell lymphoma, not otherwise specified


            •    Hepatosplenic lymphoma


            •    T-cell/NK-cell lymphoma


            •    Other

          

          	
            EBV less often positive


            Uniform population of neoplastic cells with clonality and gene rearrangements

          
        


        
          	
            Hodgkin lymphoma–like PTLD

          

          	
            Rare, usually mixed cellularity type

          

          	
            EBV positive

          
        

      
    


    Abbreviations: EBV, Epstein-Barr virus; NK, natural killer cell.

  


     Recurrent disease14,15


     Risk for recurrent disease after transplant and graft loss from disease recurrence are shown in Table 9-3 (clinical manifestations and treatment are discussed in chapter 8).


  
    TABLE 9-3  Risk for Recurrent and De Novo Disease After Transplant and Associated Graft Loss


    
      
        
          	
            Glomerular disease

          

          	
            Recurrent rates or incidence

          


          	
            Risk of graft loss

          

          	
            Comments

          
        


        
          	
            Recurrent disease

          

          	

          	

          	
        


        
          	
            Primary glomerular disease

          

          	

          	

          	
        


        
          	
            Dense deposit disease

          

          	
            70%-100%

          

          	
            10%-25%

          

          	
        


        
          	
            FSGS

          

          	
            17%-50%

          

          	
            10%-50%

          

          	
            May recur immediately


            Up to 80% recurrence if first graft loss to recurrence


            High level of proteinuria associated with 60% recurrence

          
        


        
          	
            Collapsing FSGS

          

          	
            NA

          

          	
            Up to 100%

          

          	
        


        
          	
            IgA nephropathy

          

          	
            10%-65% (histologic)

          

          	
            2%-16%

          

          	
            Clinical recurrence is 10%-25%.

          
        


        
          	
            Immune complex–mediated MPGN

          

          	
            25%-65%

          

          	
            10%-33%

          

          	
            Recurrence risk varies depending on underlying etiology

          
        


        
          	
            Fibrillary glomerulonephritis

          

          	
            50%

          

          	
            50%

          

          	
        


        
          	
            Membranous nephropathy

          

          	
            3%-50%

          

          	
            5%-30%

          

          	
            Often PLA2R positive, IgG4 dominant


            PLA2R positive 60%-76% recurrence


            Absence of PLA2R <30% recurrence

          
        


        
          	
            C3 glomerulonephritis

          

          	

          	

          	
        



        
          	
            Associated with systemic disease

          

          	

          	

          	
        


        
          	
            Atypical HUS

          

          	
            25%-80%

          

          	
            40%-60%

          

          	
            May be triggered by ABMR


            Very high risk of recurrence in patients with mutations involving circulating factors (particularly complement factor-H and factor-I)

          
        


        
          	
            Cryoglobulinemia

          

          	
            50%

          

          	
            NA

          

          	
        


        
          	
            Monoclonal immunoglobulin deposition disease

          

          	
            50%

          

          	
            NA

          

          	
        


        
          	
            ANCA-associated crescentic glomerulonephritis

          

          	
            9%-50%

          

          	
            Rare

          

          	
            Less recurrence if in sustained remission before transplantation


            Recurrence rates have decreased in recent years, thought to be due to the use of newer antirejection medications.

          
        


        
          	
            Diabetic glomerulosclerosis

          

          	
            40%

          

          	
            17%-40%

          

          	
        


        
          	
            IgA vasculitis (Henoch-Schönlein purpura)

          

          	
            15%-60%

          

          	
            10%

          

          	
        


        
          	
            Lupus nephritis

          

          	
            2%-30%

          

          	
            <5%

          

          	
            May recur as nonspecific immune complex disease

          
        


        
          	
            Anti-GBM antibody nephritis

          

          	
            Clinical recurrence is low

          

          	
            50%

          

          	
        


        
          	
            De novo disease

          

          	

          	

          	
        


        
          	
            Diabetic glomerulosclerosis

          

          	
            20%-50%

          

          	
            20%

          

          	
            Of those with posttransplant DM

          
        


        
          	
            FSGS

          

          	
            2%-5%

          

          	
            24%-40%

          

          	
            Months to years after transplantation

          
        


        
          	
            Membranous nephropathy

          

          	
            2%-9%

          

          	
            NA

          

          	
            Usually PLA2R negative, IgG1 dominant, may be associated with ABMR or HCV, more common in children

          
        


        
          	
            IgA nephropathy

          

          	
            1%-2%

          

          	
            NA

          

          	
            May be transplanted IgA deposits


            Poor outcome associated with crescents

          
        


        
          	
            C1q nephropathy

          

          	
            <1%

          

          	
            NA

          

          	
            Usually >1 y after transplantation with no clinical significance

          
        


        
          	
            Anti-GBM antibody nephritis

          

          	
            3%-12%

          

          	
            Rare

          

          	
            Associated with primary Alport syndrome, may be asymptomatic linear IgG

          
        


        
          	
            Immune complex–mediated MPGN

          

          	
            3%

          

          	
            NA

          

          	
            Associated with HCV

          
        

      
    


    Abbreviations: ABMR, antibody-mediated rejection; ANCA, antineutrophil cytoplasmic antibodies; DM, diabetes mellitus; FSGS, focal segmental glomerulosclerosis; GBM, glomerular basement membrane; HCV, hepatitis C virus; HUS, hemolytic uremic syndrome; IgA, immunoglobulin A; IgG1, immunoglobulin G1; IgG4, immunoglobulin G4; MPGN, membranoproliferative glomerulonephritis; NA, not available; PLA2R, phospholipase A2 receptor.

  


     Primary glomerular lesions (Figure 9-10)


  
    
  

  
    

    Figure 9-10  Recurrent Glomerular Diseases
A, Early recurrence of focal and segmental glomerulosclerosis is heralded by extensive podocyte foot process effacement (arrows) seen by electron microscopy followed by segmental glomerulosclerosis with features often similar to the native kidney disease such as collapsing glomerulopathy (B). In this glomerulus, there is early segmental sclerosis with capillary foam cells (arrowhead) and podocyte hypertrophy (arrows) (Masson trichrome). C, Recurrent immunoglobulin A (IgA) nephropathy often has glomeruli with a normal light microscopic appearance (narrow arrow) with IgA identified only by immunofluorescence. However, there may be mesangial hypercellularity (thick arrows) with or without segmental glomerulosclerosis and infrequently crescent formation (arrowhead) or endocapillary hypercellularity, similar to native kidney IgA nephropathy (periodic acid–Schiff). Figure 9-10 (Continued) D, Recurrent dense deposit disease. The glomerulus is lobular with mesangial (arrows) and endocapillary (arrowheads) hypercellularity (Jones silver). E, electron dense transformation of basement membranes (arrows) with rounded mesangial deposits (arrowheads) seen by electron microscopy.
  

     Glomerular lesions associated with systemic disease (Figure 9-11)


  
    

    Figure 9-11  Diabetic Glomerulosclerosis, Which May Be Recurrent or De Novo
 A, Mild diffuse mesangial matrix expansion (periodic acid–Schiff [PAS]). B, Diffuse and nodular (arrows) mesangial matrix expansion and thickened capillary walls (PAS).
  

     De novo glomerulopathy (other than TG) (see Table 9-3 and Figure 9-12)16,17


  
    

    Figure 9-12  De Novo Membranous Nephropathy, Which Is Often in an Early Stage due to Close Monitoring of Transplant Patients
 A, Glomerulus with early disease and no significant abnormalities by light microscopy (Jones silver). B, Granular capillary wall staining for immunoglobulin G. C, Small electron dense subepithelial deposits (arrows) seen by electron microscopy. Phospholipase A2 receptor is negative but may be positive in de novo or recurrent primary membranous nephropathy in the transplant.
  

     Difficult to determine if native kidney not biopsied


  OTHERS (NOT CLASSIFIED UNDER BANFF CATEGORIES)


     Hyperacute rejection (Figure 9-13)


  
    

    Figure 9-13  Hyperacute Rejection
 A, Glomerulus with extensive capillary thrombi containing entrapped neutrophils (arrows), with single contoured capillary walls (Jones silver). B, Small arteries with bland thrombi containing few neutrophils (arrows). There is severe necrosis of tubular epithelial cells. Note the lack of tubulointerstitial or peritubular capillary inflammation (Masson trichrome).
  

     Form of ABMR


     Vascular thrombosis often with entrapped neutrophils


     May be parenchymal necrosis


     No features of TCMR


     May be C4d negative in the first 48 hours of engraftment


     Cytomegalovirus nephropathy


     Tubulointerstitial inflammation often with prominent plasma cells


     Nuclear and/or cytoplasmic inclusions in tubular epithelium, endothelial cells, and to a lesser extent in monocyte/macrophages


     Immunohistochemistry needed for confirmation


     Hypertensive nephropathy


     May be donor derived


     Intimal fibrosis of arteries without inflammation


     Hyalinization of arterioles other than an outer nodular pattern


     Often prominent in patients with diabetes
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      CHAPTER 10

    


    Common Posttransplant Abnormal Laboratory Findings


    Phuong-Chi T. Pham, Phuong-Mai T. Pham, Phuong-Truc T. Pham, and Phuong-Thu T. Pham

  


  POSTTRANSPLANT ANEMIA


     Etiologies relating to end-stage kidney disease (ESKD) transplant candidates


     Iron (vitamin B12, folate) deficiencies, malnutrition


     Blood loss related to hemodialysis or vascular access repair


     Underlying inflammatory processes


     Occult gastrointestinal (GI) bleeding


     Hyperparathyroidism (due to direct effects of excess parathyroid hormone on erythropoietin synthesis, erythroid progenitors, and red cell survival, and indirect effect via induction of bone marrow fibrosis)


     Etiologies relating to transplantation


     Dilutional anemia due to aggressive perioperative volume expansion


     Discontinuation of Erythroipoiesis-stimulating agents (ESAs): ESA is typically discontinued in the early postoperative period following a successful transplant.


     Drug related


     Angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs)


     Dapsone can cause anemia including hemolytic anemia especially in the presence of glucose-6-phosphate dehydrogenase (G6PD) deficiency. G6PD level should be checked prior to initiation of dapsone.


     Trimethoprim-sulfamethoxazole


     Mammalian target of rapamycin (mTOR) inhibitors: sirolimus, everolimus. Although rare, erythropoietin (EPO)-resistant anemia has been described in patients receiving sirolimus.1


     Antimetabolites: azathioprine, mycophenolic acid derivatives


     The xanthine oxidase inhibitors allopurinol and febuxostat inhibit the metabolism of azathioprine, and their concomitant use should be avoided. However, if azathioprine and xanthine oxidase inhibitor combination therapy must be used, consider azathioprine dose reduction by 25% with close monitoring of complete blood count.2


     The calcineurin inhibitors (CNIs) cyclosporine and tacrolimus do not cause anemia. The presence of unexplained drop in hemoglobin (Hb)/hematocrit (Hct) levels and acute kidney injury should raise the possibility of CNI-induced thrombotic microangiopathy (TMA). The absence of thrombocytopenia or hemolytic anemia does not exclude CNI-associated TMA.3 Diagnosis requires an allograft biopsy.


     Etiologies relating to complications of transplantation


     Intraoperative or postoperative bleeding complications


     Impaired graft function, acute rejection episodes


     Parvovirus B19


     Underlying inflammatory conditions, infections other than parvovirus B19


     Patients returning to dialysis after graft failure were shown to have worse anemia and EPO resistance compared with their transplant-naive counterparts. Amelioration of anemia and ESA sensitivity was observed following graft nephrectomy4 (see chapter 18).


     Management of anemia


     Assessment of baseline iron stores at the time of transplantation is recommended.


     Profound iron deficiency should be treated with intravenous (IV) iron as tolerated. Note: Avoid use of IV iron in patients with systemic infections.


     ESA therapy is effective in the treatment of anemia in kidney transplant recipients. Patients should be iron repleted prior to initiation of ESA therapy. Note: Avoid ESA use in patients with a history of stroke or malignancy, particularly in those with active malignancy when cure is anticipated.5


     Blood transfusion


     Consider leukocyte-reduced blood products (although allosensitization may not be prevented or reduced to any significant degree; see chapter 20).6


     Although continuation of low-dose immunosuppression in patients with a failed transplant has been shown to be associated with reduced human leukocyte antigen (HLA) allosensitization,7 whether the use of immunosuppression in the posttransplant period may reduce transfusion-related sensitization risk remains speculative.


     Use of cytomegalovirus (CMV)-negative blood products should be considered in CMV-seronegative kidney transplant recipients to prevent primary CMV infection.


     The 2012 Kidney Disease: Improving Global Outcomes (KDIGO) anemia guidelines recommend initiating ESA in chronic kidney disease (CKD) patients when Hb values are <9 to 10 g/dL, provided that iron stores are adequate. A target Hb level of 10 to 11 g/dL is recommended.5 Large CKD anemia trials demonstrated a possible harmful effect of higher Hb levels associated with high ESA doses.8


     Observational studies in kidney transplant recipients similarly suggested that mortality may be increased with Hb levels above 12.5 g/dL in association with the use of ESA. This increase was significant at hemoglobin concentrations >14.0 g/dL.9


     Although evidence-based recommendations in the setting of posttransplant anemia are lacking, ESA therapy to keep Hb level in the range of 10 to 11 g/dL seems reasonable (opinion based).


  LEUKOPENIA AND THROMBOCYTOPENIA


     Drug-induced leukopenia/thrombocytopenia


     Immunosuppressive agents (see chapter 2)


     Lymphocyte-depleting agents (eg, the antithymocyte globulin [Thymoglobulin] or alemtuzumab)


     Antimetabolites: mycophenolic acid derivatives (mycophenolate mofetil or mycophenolate sodium), azathioprine, mTOR inhibitors (sirolimus or everolimus), and bortezomib (proteasome inhibitor)


     Prophylactic drugs commonly used posttransplant


     Trimethoprim-sulfamethoxazole


     Acyclovir, ganciclovir, or valacyclovir


     Other commonly used drugs posttransplant


     Heparin


     Inhibitors of the renin-angiotensin system


     Proton pump inhibitors, H2 blockers


     Infection-related leukopenia/thrombocytopenia


     CMV infection


     Diagnostic test: plasma CMV DNA by polymerase chain reaction (PCR)


     Treatment of CMV DNAemia and CMV disease is discussed in chapter 13.


     Parvovirus B19 infection may present with refractory anemia, pancytopenia, and TMA.


     Diagnostic test: parvovirus DNA PCR


     Treatment: IV immunoglobulin (IVIG)


     Upper respiratory viral infections


     Bone marrow suppression (eg, overwhelming systemic infections, tuberculosis [TB], or fungal infections)


     Newly acquired human immunodeficiency virus (HIV) infection


     Others


     TMA (Differential diagnosis of TMA and management of the underlying disorder are discussed in chapters 7 and 8.)


     Disseminated intravascular coagulation


     Other rare causes, particularly in the setting of immunosuppression: posttransfusion purpura, lupus flare


     Management


     Withhold or reduce dose of the offending agent.


     Treat underlying infections if possible.


     Severe leukopenia may be safely treated with granulocyte-stimulating factor.


  POSTTRANSPLANT ERYTHROCYTOSIS


     Defined as persistently elevated Hct to>51% or Hb >17 g/dL after transplant


     Hct and Hb thresholds to define posttransplant erythrocytosis (PTE) may differ among centers due to differences in institutional reference range (and age- and gender-adjusted Hct and Hb levels).


     Incidence appears to have decreased to <10% with the more frequent use of ACE inhibitors and ARBs.


     May develop within the first 2 years posttransplant (usually between 8 and 24 months) and generally affects those with good allograft function


     Spontaneous remission within 2 years of onset is observed in one-fourth of patients but may persist for several years in others.10


     Persistent PTE or PTE occurring late after transplant warrants further evaluation to exclude


     EPO-producing neoplasms: renal cell carcinoma (RCC) in the native or transplanted kidneys, hepatocellular carcinoma, cerebellar hemangioblastoma. Imaging studies of the allograft and native kidneys should be performed particularly when RCC risk factors are present (eg, pretransplant increased dialysis duration or known acquired cystic kidney disease).


     EPO-producing kidney disease/disorder: autosomal dominant polycystic kidney disease, hydronephrosis, renal artery stenosis.


     Hypoxemia-associated increased EPO production: sleep apnea, high altitude, chronic pulmonary disease.


     Drug-related use: androgen, anabolic steroids, or surreptitious exogenous ESA.


     Hemoconcentration associated with diuretic use.


     Risk factors for PTE2


     Presence of native kidneys, male gender, absence of rejection episodes, high baseline Hb before transplant, and hypertension


     Others: polycystic kidney disease and glomerulonephritis as the cause of ESKD


     Smoking and diabetes have been shown to be risk factors for PTE in some but not all studies.


     Renal artery stenosis: Although transplant renal artery stenosis has not consistently been shown to be a risk factor for PTE, imaging studies to evaluate the iliac and renal arteries should be considered in patients with refractory PTE.


     Suggested pathogenic mechanisms


     Defective feedback regulation of EPO metabolism


     Direct stimulation of erythroid precursors by angiotensin II


     Abnormalities in level of circulating insulin-like growth factor 1 (IGF-1) and its binding protein


     Increase in serum-soluble stem cell factors, which stimulate the growth of erythroid progenitor cells. Serum-soluble stem cell factors have been shown to correlate with both Hct values and with the observed and expected EPO values in kidney transplant recipients with PTE.11


     Treatment/management


     The Hb/Hct threshold for treatment may vary depending on gender and institutional reference range.


     Generally, treatment is recommended for Hb levels exceeding 17 to 18 g/dL or Hct levels >51% to 54% because of the associated risk of thromboembolic complications, hypertension, and headaches.


     Treatment with ACE inhibitors or ARBs is often sufficient. Relapse is common and often necessitates long-term ACE inhibitors or ARB treatment.


     Phlebotomy may be considered in severe PTE after optimization/treatment of any associated hypoxia-driven PTE.


     Low-dose aspirin 81 mg daily may be considered if there is no contraindication (opinion based).


     A negative association between the use of sirolimus and PTE has been reported. However, modification of immunosuppressive medications to treat PTE is uncommon in clinical practice.


  COMMON ELECTROLYTE, ACID-BASE, AND CALCIUM AND PHOSPHOROUS ABNORMALITIES


  Electrolyte and acid-base disorders are common posttransplant due to varying requirement for fluid replacement, rapid changes in kidney function, and/or exacerbation of pretransplant disturbances. Common electrolyte abnormalities include hyponatremia, hyperkalemia, hypomagnesemia (discussed in the following text), hypocalcemia, hypercalcemia, and hypophosphatemia (also discussed in chapters 11 and 17). Common etiologies of electrolyte and acid-base disturbances specific to the transplant setting are herein discussed.


  Hyponatremia


     Common posttransplant etiologies


     Extracellular free water shifts in the presence of osmotically active agents or pseudohyponatremia


     Hyperglycemia with the use of high-dose corticosteroids in the early postoperative period


     Administration of high-dose sucrose-containing IVIG. Note: Sucrose-containing IVIG can also cause osmotic nephrosis and should be avoided. Only sucrose-free preparations should be used in the transplant setting.


     IVIG may be packaged in a large volume of free water, which may also lead to dilutional hyponatremia.


     Hyperproteinemia from IVIG infusion may be lead to “pseudohyponatremia” with the old flame photometry sodium measuring technique.


     Hypovolemic hyponatremia


     Inappropriate use of relative hypotonic fluid as replacement fluid for bodily fluid losses (eg, blood loss, diarrheal fluids, high urine output)


     Poor dietary (solute and sodium) relative to free water intake, inadequate saline fluid replacement


     Use of thiazide diuretics


     Euvolemic hyponatremia


     In the postoperative state, patients may have excess antidiuretic hormone (ADH) secretion (syndrome of inappropriate antidiuretic hormone secretion [SIADH]) due to stress, pain, and/or nausea. The use of hypotonic solutions (eg, 5% dextrose water or even 5% dextrose 1/2 normal saline) as maintenance fluid, infusion of multiple IV medications mixed in hypotonic solutions, and/or excessive free water intake can easily contribute to hyponatremia.


     Release of free water intake restriction with the newly functioning allograft may unmask underlying SIADH and other preexisting causes of euvolemic hyponatremia (eg, hypocortisolism, hypothyroidism, nephrogenic syndrome of inappropriate diuresis).


     Hypervolemic hyponatremia


     Nonfunctioning or poor-functioning allograft in association with excess free water relative to sodium administration/intake


     Newly developed cardiopulmonary event (eg, heart failure with postoperative myocardial infarction, acute pulmonary embolism)


     Management


     Hypovolemic hyponatremia


     Normal saline infusion


     Encourage oral intake of both solute and water as tolerated.


     Discontinue thiazide diuretics if applicable.


     Euvolemic hyponatremia


     Evaluate for common underlying etiologies of SIADH, hypocortisolism, hypothyroidism as in nontransplant patient.


     Use normal saline as maintenance fluid (alternate with 1/2 normal saline as dictated by serum sodium level).


     Mix IV medications in normal saline if compatible.


     Replace potassium as needed. Potassium replacement can increase serum sodium exactly as if the same amount of sodium was used to correct hyponatremia.


     Avoid medications that are known to be associated with SIADH if possible (eg, antiepileptics, antidepressants, antipsychotics, narcotics).


     Avoid nonsteroidal anti-inflammatory drugs (NSAIDs):


     Prostaglandins inhibit ADH-activated adenylyl cyclase activity [cAMP] in collecting duct epithelial cells, thereby inhibiting downstream effects of ADH on free water reabsorption. NSAIDS reduce prostaglandin production, thus facilitating ADH-driven free water reabsorption. Additionally, NSAIDS increase the expression of Na+-K+-2Cl− (NKCC) cotransporter (thus build up of medullary osmotic gradient for more efficient water reabsorption) via the release of prostaglandin-cAMP driven tonic inhibitory influence on the expression of the NKCC cotransporter.


     Prostaglandins increase medullary blood flow, which reduces the diffusion of reabsorbed solutes from circulation back into the interstitial fluid and thereby effectively reduces the medullary interstitial osmotic driving force for free water reabsorption. NSAIDS reduce prostaglandin production, thus reduced medullary blood flow, and allows for the build up of the osmotic gradient which leads to more efficient free water reabsorption.


     Hypervolemic hyponatremia


     Consider loop diuretic or vaptan as needed and safely tolerated. Studies on the use of vaptan in the transplant settings are lacking. Calcineurin inhibitors may increase the level or effect of tolvaptan


     Dialysis if nonfunctioning allograft


  Hyperkalemia


     Typically, hyperkalemia is more common in patients with a poor functioning allograft.


     Potential causes of posttransplant hyperkalemia


     High intake: excessive dietary potassium intake (review consumption of fruit/herbal extracts), salt substitute (potassium chloride [KCl]), potassium-containing medications (eg, K-Phos)


     Drug induced


     CNIs: Mild hyperkalemia (potassium level 5.0-5.5 mmol/L) is common in the early posttransplant period when higher doses of CNIs are used. Suggested mechanism(s) of CNI-induced hyperkalemia: hyporeninism, hypoaldosteronism, aldosterone resistance, end-organ defect in potassium excretion, and inhibition of cortical collecting duct potassium secretory channels. More recently, CNIs have been shown to increase thiazide sensitive channel (TSC) abundance at the distal convoluted tubules and result in a Gordon-like syndrome with associated hypertension and hyperkalemia.


     Other commonly used medications: trimethoprim-sulfamethoxazole, pentamidine, inhibitors of the renin-angiotensin-aldosterone system (eg, renin inhibitors, ACE inhibitors, ARBs, aldosterone inhibitors), β-blockers, heparin


     Hyperglycemia, relative insulin deficiency (Hyperkalemia may be more common with fasting blood draws in patients with type 2 diabetes due to the lack of endogenous insulin secretion with fasting.)


     Reduced output


     Severe constipation


     Obstructive uropathy (functional [eg, use of diphenhydramine] or structural [eg, surgical complications, blood clots])


     Other causes that should not be overlooked include hemolysis and rhabdomyolysis.


     Management


     Discontinue offending medications for serum potassium levels >5.5 mEq/L as safely tolerated.


     Selective β1-blockers may cause less hyperkalemia compared with nonselective β-blockers and should be considered in patients prone to recurrent hyperkalemia.


     Commonly used selective β1-blockers include atenolol, esmolol, and metoprolol. Others: acebutolol, bisoprolol, nebivolol


     Commonly used nonselective β-blockers include carvedilol, labetalol (+ α-antagonism), and propranolol. Others: alprenolol, nadolol, timolol


     Caution is advised when potassium-containing phosphorus supplements are prescribed. The potassium content of various phosphorous supplement formulations is shown in Table 10-1.


  
    TABLE 10-1  Phosphorous and Electrolyte Contents in Oral and Intravenous Phosphorous Formulations


    
      
        
          	
            Supplement product

          

          	
            Phosphorus content

          

          	
            Potassium content

          

          	
            Sodium content

          
        


        
          	
            Phos-Nak powder (1.5-g packets)


            Generic: potassium phosphorus/sodium phosphorus (OTC)

          

          	
            250 mg


            (8 mmol)

          

          	
            280 mg


            (7.1 mEq)

          

          	
            160 mg


            (7.1 mEq)

          
        


        
          	
            K-Phos Original dissolvable tablets (100 and 500 count bottles)


            Generic: potassium phosphate (RX)

          

          	
            114 mg


            (3.7 mmol)

          

          	
            144 mg


            (3.7 mEq)

          

          	
            0

          
        


        
          	
            K-Phos Neutral (tablets in 100 count bottle)


            Generic: potassium and sodium phosphate (RX)

          

          	
            250 mg


            (8 mmol)

          

          	
            45 mg


            (1.1 mEq)

          

          	
            298 mg


            (13 mEq)

          
        


        
          	
            Potassium phosphate IV (mL)

          

          	
            3 mmol

          

          	
            4.4 mEq

          

          	
            0

          
        


        
          	
            Sodium phosphate IV (mL)

          

          	
            3 mmol

          

          	
            0

          

          	
            4 mEq

          
        

      
    


    Abbreviations: IV, intravenous; OTC, over the counter; RX, prescription.

  


     Although both high- and standard-dose trimethoprim can cause hyperkalemia via an amiloride-like effect, the routine use of low-dose trimethoprim-sulfamethoxazole prophylactic therapy is seldom the cause of severe or refractory hyperkalemia in kidney transplant recipients. Nonetheless, withholding of trimethoprim should be considered in patients with severe or refractory hyperkalemia.


     Therapeutic options for hyperkalemia are summarized in Table 10-2.12


  
    TABLE 10-2  Therapeutic Options for Hyperkalemia


    
      
        
          	
            Therapeutic options

          

          	
            Mechanism of action

          

          	
            Onset of action

          

          	
            Duration

          

          	
            Comments

          
        


        
          	
            Calcium chloride (or calcium gluconate)

          

          	
            Temporizing measure to stabilize cardiac membrane potential in life threatening hyperkalemia

          

          	
            1-3 min

          

          	
            0.5-1 h

          

          	
            Administration of calcium chloride (or calcium gluconate) should be followed by agents that rapidly and effectively shift potassium into the intracellular space.

          
        


        
          	
            Insulin + dextrose 50 water (D50W)

          

          	
            Increase intracellular K+ shift

          

          	
            15-30 min

          

          	
            4-6 h

          

          	
            D50W may prevent hypoglycemia and further stimulate endogenous insulin production.

          
        


        
          	
            Albuterol (β2-adrenergic agonist)

          

          	
            Increase intracellular K+ shift

          

          	
            15-30 min

          

          	
            4-6 h

          

          	
            Risk of tachycardia, precipitation of myocardial infarction


            Data regarding the efficacy of β-adrenergic agonists to reliably shift potassium are conflicting.

          
        


        
          	
            NaHCO3

          

          	
            Increase intracellular K+ shift

          

          	
            15-30 min

          

          	
            Prolonged

          

          	
            Do not give in calcium line.


            Avoid if high CaxPO4 product, hypocalcemia, or volume overload.


            Data regarding the efficacy of NaHCO3 to reliably shift potassium are conflicting.

          
        


        
          	
            Sodium polystyrene sulfonate

          

          	
            Increase gastrointestinal (GI) K+ excretion

          

          	
            Variable; hours

          

          	
            4-6 h variable

          

          	
            Caution


            Avoid in the early posttransplantation period due to colonic dilation and perforation risk.


            Contraindicated in bowel obstruction or ileus, postanesthesia

          
        


        
          	
            Patiromer

          

          	
            Increase gastrointestinal K+ excretion

          

          	
            

          

          	
            

          

          	
            Avoid taking any other medication within 6 h of taking patiromer.


            May bind magnesium and cause hypomagnesemia

          
        


        
          	
            Volume reexpansion as needed


            Diuretics (loop and/or thiazides)

          

          	
            Increase urinary K+ excretion

          

          	
            Variable

          

          	
            Variable

          

          	
            

          
        


        
          	
            Fludrocortisone in hypoaldosteronism

          

          	
            Increase urinary K+ excretion

          

          	
            

          

          	
            

          

          	
            Studies suggest that fludrocortisone may also enhance intracellular redistribution or augmented GI excretion.


            Higher dose may be required in CKD patients


            May precipitate volume overload/cardiopulmonary complications

          
        


        
          	
            Hemodialysis

          

          	
            

          

          	
            

          

          	
            

          

          	
            Indicated for life-threatening hyperkalemia particularly in anuric or oliguric patients

          
        

      
    


    Abbreviations: CaxPO4, Serum total calcium x serum phosphorus product; CKD, chronic kidney disease; K+, potassium; NaHCO3, sodium bicarbonate.

  


     Nonpharmacologic management should also be emphasized:


     Nutritional consult for low-potassium diet


     Ensure good bowel regimen.


  Hypokalemia


     Hypokalemia is uncommon after transplant.


     Unlike cyclosporine or tacrolimus, the mTOR inhibitor sirolimus has been suggested to be associated with hypokalemia.


     The pathogenic mechanism of mTOR inhibitor–induced hypokalemia remains to be defined.


     Sirolimus-induced hypokalemic nephropathy has been described (isolated case report).


     In the early posttransplant period, hypokalemia may develop due to aggressive diuretic use, high fluid intake/IV fluid infusion, high distal urine flow after a successful living donor kidney transplant, hypercalcemia-associated polyuria, hypomagnesemia, or GI losses (common causes of posttransplant diarrhea are discussed in chapter 13). Others: insulin administration in hyperglycemia, glucose administration in a fasting type 2 diabetic (increased endogenous insulin secretion), previously unrecognized adrenal hyperplasia or adrenal adenomas, metabolic or respiratory alkalosis


     Inadequate potassium intake is rarely the cause of hypokalemia because of the kidneys ability to minimize potassium loss to 5 to 20 mEq/L.


  Hypocalcemia


     Common etiologies posttransplant


     Volume expansion and/or hypoalbuminemia in the early postsurgical period. Ionized calcium should be measured to avoid inappropriate overcorrection particularly given the biphasic pattern of calcium homeostasis in the early posttransplant period (significant decline in the first 1-2 weeks followed by a significant increase the first 3-6 months after transplant; see chapter 11)


     Vitamin D deficiency, poor calcium intake


     Increased fibroblast growth factor (FGF)-23 with associated reduced 1,25-hydroxy vitamin D


     Hypomagnesemia: Hypomagnesemia may reduce parathyroid hormone (PTH) synthesis/release and induce bone resistance to PTH.


     Use of cinacalcet


     Parathyroidectomy without adequate tissue preservation prior to transplant


     Excessive use of loop diuretics


     Management


     Vitamin D and calcium supplements as needed


     Correction of hypomagnesemia if applicable


     Reduce or discontinue cinacalcet as necessary.


  Hypercalcemia


  Common etiologies posttransplant


     Drug induced: vitamin D, calcium supplements (eg, use of calcium carbonate as phosphate-binding agent or for treatment of dyspepsia), thiazide diuretics


     Secondary/tertiary hyperparathyroidism with the new functioning allograft


     Other etiologies to consider long-term posttransplant


     Underlying malignancy (PTH-related peptide, bone metastatic disease, osteolytic bone lesions)


     Infections (TB, fungal infections)


     Management


     Volume repletion, avoid use of calcium-containing fluids in hypercalcemia prone patients (eg, lactated ringers)


     Discontinue offending agents.


     Consider use of cinacalcet with close monitoring of serum calcium level to avoid hypocalcemia.


     Consider evaluation for tertiary hyperparathyroidism (parathyroid adenoma).


     Consider evaluation for malignancy as clinically indicated.


  Hypomagnesemia


     A magnesium level below 1.5 mg/dL (0.62 mmol/L) is common in the early posttransplant period.


     Hypomagnesemia may complicate or contribute to other electrolyte abnormalities including hypokalemia and hypocalcemia.13


     Hypomagnesemia has been suggested to increase CNI toxicity and posttransplantation diabetes mellitus risks.14


     Common etiologic factors posttransplant


     Drug induced


     Immunosuppressive agents: Cyclosporine, tacrolimus, and sirolimus can cause hypomagnesemia by inducing urinary magnesium wasting (thought to be due to downregulation of the Mg2+ transient receptor potential 6 channel at the distal convoluted tubule).13


     Diuretics: carbonic anhydrase inhibitors, loop diuretics, thiazides


     Others: proton pump inhibitors


     Postacute tubular necrosis and postobstructive diuresis, renal tubular acidosis


     Diarrhea (drug-induced or infectious causes; see chapter 13)


     Long-standing diabetes mellitus: The underlying etiologies of hypomagnesemia in diabetic patients are multifactorial and may include chronic renal wasting due to polyuria, use of diuretics, and enhanced filterable load of magnesium due to acidemia in patients with recurrent diabetic ketoacidosis and/or hypoalbuminemia, among others.


     Treatment


     Increasing dietary magnesium intake alone is usually insufficient. Oral magnesium supplementation (ie, 400-800 mg magnesium oxide three times a day) may be required. Persistent hypomagnesemia can occasionally be seen despite aggressive replacement therapy because of ongoing CNI-induced urinary magnesium wasting.


     IV magnesium should be considered in patients with severe hypomagnesemia (<1.0 mg/dL or 0.41 mmol/L), particularly among patients with a prior history of coronary artery disease or cardiac arrhythmias and those taking digoxin.


  Hypophosphatemia


     Common etiologies posttransplant


     Newly functioning allograft in patients with severe secondary or tertiary hyperparathyroidism associated with ESKD


     Persistently elevated levels of FGF-23 associated with ESKD. Note, however, that persistent hypophosphatemia beyond 1 year posttransplant may be associated with persistent hyperparathyroidism rather than elevated FGF-23 levels.


     Poor nutrition, habitually low phosphorus intake


     Vitamin D deficiency or resistance


     Drug induced: corticosteroids, diuretics, bicarbonate (not as pronounced as acute respiratory alkalosis)


     Acute respiratory alkalosis with associated increased intracellular phosphate shift: Acute respiratory alkalosis leads to extracellular carbon dioxide (CO2) diffusion, which in turn leads to increased intracellular pH. The latter increases glycolysis and the need for rapid cellular phosphate uptake for adenosine triphosphate (ATP) production, thus hypophosphatemia.


     Management


     Increase dietary intake.


     Vitamin D supplement if applicable


     Phosphorus supplements as needed. Note that some formulations of phosphorus supplements may contain potassium (see Table 10-1). Caution is advised if used in patients prone to have hyperkalemia.


     Consider evaluation for parathyroid adenoma and treat accordingly.


     Evaluate and treat underlying cause of acute respiratory alkalosis if applicable.


  Acid-base disorders


     Metabolic acidosis (usually mild) is commonly seen in the early posttransplant period.


     Chronic metabolic acidosis (defined as having a serum total CO2 [~ serum bicarbonate] <21-24 mmol/L) has a reported prevalence of 12% to 58%.15 The wide range in the prevalence reported is likely due in part to differences in serum bicarbonate threshold used to diagnose metabolic acidosis, time after transplant, and graft function, among others. Note: A low serum total CO2 may reflect an acute respiratory alkalosis and not necessarily metabolic acidosis. Blood gas evaluation may be necessary if clinically indicated. See below for possible etiologies of respiratory alkalosis pertinent to the posttransplant setting.


     Potential etiologic factors posttransplant


     Drug induced


     CNIs: CNI use is associated with mild hyperchloremic metabolic acidosis, mild hyperkalemia, and an intact capacity to excrete acid urine, changes that are reminiscent of type 4 renal tubular acidosis.


     Other reported drug-induced metabolic acidosis due to type B lactic acidosis (via drug-induced mitochondrial injury)12


     Ganciclovir or valganciclovir (isolated case report)


     Nucleoside reverse transcriptase inhibitors (for HIV and hepatitis B virus [HBV]): didanosine, stavudine, zidovudine


     HIV-1 protease inhibitor saquinavir


     Metformin, salicylates, isoniazid, linezolid, propofol


     Impaired allograft function


     Diarrhea (drug-induced [mycophenolic acid derivatives] or infectious causes [CMV, Clostridium difficile, etc.; see chapter 13])


     Dietary acid load should not be overlooked.


     Management


     Should follow treatment guidelines for CKD patients in the general population. Nonetheless, it should be noted that data on the impact of treatment of chronic metabolic acidosis on patient and graft outcomes are lacking.


     Calculating bicarbonate deficit (mEq of sodium bicarbonate [NaHCO3] needed to correct metabolic acidosis)


     Bicarbonate (HCO3) deficit (mEq) = (0.4 + 2.6 / current serum HCO3) × lean body weight (kg) × (24 − current serum HCO3)


     In less severe cases of acidosis, the term (0.4 + 2.6 / actual serum HCO3) is ~ 0.5.


     Metabolic alkalosis


     Volume depletion (eg, rapid post-acute tubular necrosis diuresis, excessive use of loop diuretics)


     Use of alkalinizing agents, high-dose glucocorticoids, sodium bicarbonate, calcium carbonate


     Hypercalcemia may lead to metabolic alkalosis due to


     Polyuria, resulting volume depletion, thereby chloride sensitive metabolic alkalosis.


     Activation of calcium-sensing receptor, leading to inhibition of renal outer medullary potassium channel (ROMK) and subsequent reduced function of Na+-K+-2Cl− cotransporter in the thick ascending limb of Henle loop.16 Reduced Na+-K+-2Cl− cotransporter function is equivalent to taking loop diuretic, which can lead to metabolic alkalosis (via volume depletion–associated chloride-sensitive metabolic alkalosis and increased aldosterone-driven hydrogen secretion at the collecting tubules).


     Management: volume repletion as needed, discontinue alkalinizing agents or offending agent if possible, treat underlying hypercalcemia if applicable


     Respiratory alkalosis


     Possible etiologies to consider posttransplant


     Early pneumonia (aspiration, opportunistic infections, or hospital acquired)


     Early sepsis, fevers


     Pain, anxiety


     Pulmonary embolism


     Tachyarrhythmias, acute myocardial infarction


     Management


     Treat underlying etiology.


     Respiratory acidosis


     Possible etiologies to consider posttransplant


     Excessive use of narcotics, sedatives


     Postintubation/extubation laryngeal/tracheal injury/tissue edema


     Underlying pulmonary disease (eg, chronic obstructive pulmonary disease, obstructive sleep apnea, obesity-hypoventilation syndrome)


     Management


     Reduce dose of narcotics, sedatives if possible.


     Encourage use of incentive spirometer postoperatively.


  ABNORMAL LIVER FUNCTION TESTS


     Elevation of liver enzymes is common in the early posttransplantation period and is generally caused by drug-related toxicities (Figure 10-1).


  
    

    Figure 10-1  Algorithm for the Management of Elevated Liver Enzymes in Kidney Transplant Recipients
CMV, cytomegalovirus; HBV, hepatitis B virus; HCV, hepatitis C virus; PCR, polymerase chain reaction. aCyclosporine and less commonly tacrolimus may cause transient, self-limited dose-dependent elevations of aminotransferase levels, and mild hyperbilirubinemia secondary to defective bile secretion. bWe advocate antiviral prophylactic therapy in all hepatitis B surface antigen (HBsAg)-positive candidates at the time of transplantation. cAppropriate evaluation and management similar to nontransplant settings.
  

     Cyclosporine and less commonly tacrolimus may cause transient, self-limited, dose-dependent elevations of transaminase levels and mild hyperbilirubinemia secondary to defective bile secretion.


     Elevated liver enzymes caused by drug-related adverse effects generally improve or resolve after drug discontinuation or dose reduction.


     Persistent or profound elevation in liver enzymes should prompt further evaluation to exclude infectious causes including CMV, hepatitis B, and hepatitis C infections.


     CMV infection


     Diagnostic test: CMV DNA PCR. Note: Serum quantitative CMV assays may be negative in invasive CMV disease. Infectious disease or hepatology consult should be obtained at the discretion of the clinicians.


     Treatment of CMV viremia (CMV DNAemia) is discussed in chapter 13.


     Hepatitis B


     Diagnostic test: HBV DNA PCR


     Patients with newly diagnosed HBV infection or evidence of posttransplant HBV reactivation should be treated with entecavir or another nucleotide analogue. Hepatology referral is recommended. The authors advocate antiviral prophylactic therapy in all hepatitis B surface antigen (HBsAg)-positive candidates at the time of transplantation (management of kidney transplant candidates with pretransplant HBV infection is discussed in chapter 4).


     Hepatitis C


     Diagnostic test: hepatitis C virus (HCV) RNA PCR


     Patients with newly diagnosed HCV infection or evidence of posttransplant reactivation of hepatitis C should be referred to hepatology for consideration of treatment with direct-acting antiviral (DAA) combination therapy (management of kidney transplant candidates with pretransplant HCV infection is discussed in chapter 4).


     A suggested algorithm for the management of kidney transplant recipients with elevated liver enzymes is shown in Figure 10-1.
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    Mineral and Bone Disorders After Kidney Transplantation


    Elizabeth A. Kendrick

  


  Mineral and bone disorders frequently complicate management of kidney transplant recipients. Varying severity of abnormalities are likely to exist at the time of transplant related to end-stage kidney disease (ESKD) management; improved renal function after transplantation and management of recipients including immunosuppression drug management significantly impacts these disorders. Although the natural history of bone and mineral disorders after kidney transplantation is reasonably well-defined, optimal management of these abnormalities is less clear based on available evidence.


  CALCIUM


     Serum calcium levels may follow a biphasic pattern with significant decline in the first 1 to 2 weeks posttransplant followed by a significant increase during the first 3 to 6 months after transplantation.1


     Hypercalcemia


     Hypercalcemia occurs in 15% to 60% of patients in the early posttransplant period. Total calcium may underestimate diagnosis of hypercalcemia compared to ionized calcium due to concurrent metabolic acidosis; documented prevalence can vary based on total calcium value used to diagnose hypercalcemia or whether ionized calcium is used. Higher prevalence of hypercalcemia is associated with the use of ionized calcium measurements to diagnose hypercalcemia.1-3


     Posttransplant hypercalcemia is associated with persistence of hyperparathyroidism and most likely caused by parathyroid hormone (PTH)-mediated skeletal calcium release. Increased renal tubular reabsorption due to elevated PTH and increased intestinal calcium absorption due to calcitriol may also contribute. However, decreased urinary fractional excretion of calcium associated with persistent hyperparathyroidism has not consistently been noted; calcitriol levels have not always been shown to differ when compared to transplant recipients without hypercalcemia.


     Hypercalcemia is generally moderate in the range of total calcium 10.5 to 11.5 mg/dL; severe hypercalcemia (total calcium level >12 mg/dL) is uncommon.


     Hypercalcemia prevalence decreases over time. However, hypercalcemia can persist in as much as 15% of patients at 1 year after transplantation but generally is reported to be in the 0.5% to 5.6% range.


     Management of hypercalcemia: Severe hypercalcemia requiring urgent treatment is uncommon in the transplant setting but, if present, can be treated as in the non–chronic kidney disease (CKD) population. Management of hypercalcemia associated with hyperparathyroidism not requiring urgent management is further discussed in the following text.


     Hypocalcemia: Early posttransplant low calcium levels are associated with lower pretransplant parathyroid levels and may not only be associated with low bone turnover but may also be impacted by postsurgical early hypoalbuminemia and volume expansion.1-5


  PHOSPHORUS


     Phosphorus metabolism


     Fibroblast growth factor 23 (FGF-23) is a main regulator of phosphate levels in plasma, along with complex interactions with PTH and activated vitamin D.6


     Filtered phosphorous is nearly completely reabsorbed in the proximal tubule via type IIa and IIc sodium-phosphate cotransporters.


     PTH regulates these cotransporters by stimulating internalization and reducing their availability on the brush border membrane.


     FGF-23 reduces expression of the transporters.


     FGF-23 levels are extremely high in dialysis patients and thus at the time of transplant.6,7


     Hypophosphatemia


     Hypophosphatemia can be seen in 40% to 90% of patients after transplant; majority of cases are mild to moderate (serum phosphorous between 1.5 and 2.3 mg/dL).


     Hypophosphatemia is most pronounced within the first 3 months posttransplant, generally recovering to normal levels by 1 year.


     Etiologies of hypophosphatemia posttransplant: High serum levels of the bone-derived phosphaturic hormone FGF-23 and hyperparathyroidism contribute to renal phosphate wasting causing hypophosphatemia.


     FGF-23 levels gradually decrease in the first few months after transplant in response to low phosphorous levels resulting in decreased phosphaturia and improvement in serum phosphate.7


     Elevated PTH levels can persist beyond improved serum phosphorus, making it appear that FGF-23 may be the more important factor in causing hypophosphatemia; elevated FGF-23 levels more strongly correlate with hypophosphatemia than do PTH.6


     FGF-23 inhibits 1-alpha-hydroxylase, reducing conversion of 25-hydroxy vitamin D3 to 1,25-dihydroxy vitamin D3 resulting in reduced intestinal phosphate absorption.


     Other contributors to hypophosphatemia can include


     Metabolic acidosis stimulates phosphaturia as phosphate serves as a titratable acid.


     Glucocorticoids inhibit intestinal sodium-phosphate transporter activity.


     Mammalian target of rapamycin (mTOR) inhibitors (rapamycin, everolimus) inhibit renal tubular phosphate reabsorption probably through inhibition of Klotho, the cofactor of the FGF-23 receptor on the tubular epithelial cell.


     Treatment


     Mild to moderate hypophosphatemia is not likely to be associated with significant adverse symptoms and does not need to be treated.


     More pronounced hypophosphatemia may be associated with symptoms of muscle weakness.


     Serum phosphate level of 1.5 mg/dL (approximately 0.5 mmol/L) has been suggested as the lower limit to consider initiation of oral phosphate replacement, as symptoms can develop below this level. Patients with symptoms of muscle weakness and phosphate levels between 1.5 and 3.0 mg/dL (0.5 and 1.0 mmol/L) can have treatment initiated to evaluate symptom response (opinion based). Because of potential for adverse effects related to phosphorus supplementation, strict minimum dosing should be used.4,5


     Potential adverse effects of phosphorous supplementation


     Gastrointestinal intolerance


     Worsening existing hyperparathyroidism and elevated FGF-23 levels


     Vascular and kidney allograft calcifications


     Hyperphosphatemia


     Hyperphosphatemia can complicate early or late/long-term renal transplant dysfunction and should be managed similar to CKD patients.


     Hyperphosphatemia seen early after transplant often improves without specific treatment as renal function improves.


     Oral phosphate binders can potentially interfere with the absorption of immunosuppression drugs as in the case of sevelamer and mycophenolate mofetil.


  PARATHYROID HORMONE


     Secondary hyperparathyroidism improves after kidney transplantation with good allograft function with progressive decrease PTH levels in the first 3 to 6 months. Involution of parathyroid hyperplasia occurs very slowly and is associated with persistent hyperparathyroidism.5


     Fifty percent of recipients continue to have elevated PTH levels at 1-year posttransplant; longer term follow-up has shown that only approximately 25% of recipients have normal PTH levels, and 25% continue to have elevated PTH levels >2 times normal at 5 years after transplantation.3,5


     Transplant recipients with history time on dialysis >6 years, calcium-phosphate product >55 (mg/dL), and cinacalcet use prior to transplant had higher risk of persistent hyperparathyroidism posttransplant.


     Higher pretransplant PTH levels, larger gland size and presence of multinodular hyperplasia, and persistent elevation of alkaline phosphatase are other factors found to be associated with persistent hyperparathyroidism after transplantation.


     Adverse effects associated with persistent hyperparathyroidism after transplant include


     Hypercalcemia.


     Development or exacerbation of osteopenia/osteoporosis.


     Fractures.


     Allograft dysfunction.


     Renal calcinosis.


     Vascular calcifications.


     Increased risk of cardiovascular event.


     Treatment


     Clinically significant hypercalcemia due to persistent (tertiary) hyperparathyroidism after transplantation may be managed medically (calcium-sensing receptor agonist) or surgically (parathyroidectomy).


     The use of calcium-sensing receptor agonist


     The use of cinacalcet for the treatment of hypercalcemia after transplant is off-label as has not been approved for this indication by the U.S. Food and Drug Administration (FDA).


     A metanalysis of nonrandomized studies using cinacalcet to treat hypercalcemia in renal transplant recipients8 demonstrated


     Control of hypercalcemia with cinacalcet doses of 30 to 60 mg in most patients.


     Decrease in PTH levels of approximately 20% to 50%; a more pronounced effect on PTH decrease is seen with higher PTH levels.


     PTH levels remain more than 2 times normal value in the majority of patients and above Kidney Disease Outcomes Quality Initiative (KDOQI) PTH goals for CKD patients in a significant proportion.


     Improvement in hypophosphatemia associated with a modest decrease in phosphaturia.


     Inconsistent changes in calciuria.


     No overall effect on renal function (there are anecdotal reports of renal impairment due to nephrocalcinosis or development of kidney stones associated with use of cinacalcet).


     Inconsistent effect on bone density in the few studies assessing this outcome.


     Hypocalcemia is not common and easily managed.


     Gastrointestinal intolerance in <10% of patients, generally managed without treatment cessation.


     A more recent larger randomized controlled study in 114 patients using cinacalcet to treat hypercalcemia in renal transplant recipients with persistent hyperparathyroidism9 showed similar changes in hypercalcemia, hypophosphatemia, and PTH levels as the smaller studies earlier. No effect was seen on renal function; urinary calcium excretion decreased slightly in the cinacalcet group. Markers of bone density (alkaline phosphatase, osteocalcin, urine N-telopeptide) did not differ from placebo group and no significant difference in measured bone mineral density (BMD) at 1 year. Fractures were not assessed.


     Parathyroidectomy


     Observational studies of parathyroidectomy in renal transplant recipients for persistent (tertiary) hyperparathyroidism10 show high success rates in resolving hyperparathyroidism with subtotal parathyroidectomy or total parathyroidectomy with autotransplantation. Limited glandular resection (of only 1 or 2 macroscopically enlarged glands) is associated with significant risk of recurrence of hyperparathyroidism.


     A review of retrospective and prospective cohort studies, case series, and one randomized study comparing treatment of hypercalcemia due to tertiary hyperparathyroidism with parathyroidectomy versus cinacalcet8-12 revealed


     More patients maintaining normocalcemia after parathyroidectomy than with cinacalcet therapy (90-100% vs approximately 80%).


     Resolution of hypophosphatemia in most patients with either therapy.


     Higher proportion of patients with normalization of PTH levels with parathyroidectomy versus cinacalcet therapy (70% vs 0% in the randomized study).


     Significant improvement in BMD after parathyroidectomy versus cinacalcet therapy in the randomized study.


     No apparent difference in vascular calcification progression between treatments.


     Low incidence of persistent hypocalcemia after parathyroidectomy (≤7%).


     Low incidence of discontinuation of cinacalcet therapy for side effects (≤10%).


     A transient or permanent decline in renal function is seen with both treatments but without any decrease in long-term renal graft survival. Changes in renal function are felt to be due to hemodynamic changes related to vasodilatory effect of PTH affecting renal blood flow.


     Parathyroidectomy is estimated to be cost-effective when compared to the cost of approximately 10 to 14 months of cinacalcet therapy.


     Choice of therapy: There are no specific guidelines dictating timing or goals of treatment in choice of therapy due to lack of evidence supporting specific recommendations. KDOQI provides general suggestions regarding management (Table 11-1).13,14 Opinion-based recommendations or considerations that may guide therapy based on available evidence and/or clinical situation include15


     Delaying treatment beyond 6 to 9 months after transplant because hypercalcemia and associated hyperparathyroidism may continue to abate during this time frame.


     Age and medical infirmity, as well as patient preference, may favor medical versus surgical treatment due to potential surgical risks.


     Hypercalcemia that is not controlled with cinacalcet may require parathyroidectomy.


     Cost of cinacalcet may impact treatment decisions.


     Bone biopsy to document high turnover bone disease may impact treatment decisions.


     Treatment goal of improving low bone density may favor parathyroidectomy. Unclear if any benefit on complications of vascular calcification complications.


     Presence of multiple risk factors prior to transplant that significantly decrease the likelihood of avoiding complications of persistent hyperparathyroidism after transplant (ie, use of cinacalcet associated with high calcium-phosphorous product and long dialysis vintage) may favor earlier intervention and consideration of parathyroidectomy or recommendations to perform parathyroidectomy prior to transplantation.


  
    TABLE 11-1  Comparison Treatment Cinacalcet Versus Parathyroidectomy for Hypercalcemia After Transplant


    
      
        
          	
            

          

          	
            Cinacalcet

          

          	
            Parathyroidectomy

          
        


        
          	
            Control of hypercalcemia

          

          	
            80% of patients

          

          	
            90%-100% of patients

          
        


        
          	
            PTH normalization

          

          	
            Minority

          

          	
            Nearly all

          
        


        
          	
            Effect on BMD

          

          	
            No effect

          

          	
            Improved BMD

          
        


        
          	
            Adverse effects

          

          	
            Possible hypercalciuria; nephrocalcinosis and renal stones reported

          

          	
            Surgical risks; risk or recurrent laryngeal nerve injury; early and long-term hypocalcemia; risk of inducing irreversible low bone turnover

          
        


        
          	
            Cost

          

          	
            Open-ended costs of therapy for indefinite duration

          

          	
            Cost equal to approximately 14 mo of cinacalcet therapy

          
        

      
    


    Abbreviations: BMD, bone mineral density; PTH, parathyroid hormone.

  


  VITAMIN D


     Calcidiol (25-hydroxy vitamin D3)


     Calcidiol deficiency is common in transplant recipients in cross-sectional studies and can persist for more than 1 year after transplantation.16,17


     Approximately 80% are insufficient with levels <30 ng/mL.


     Up to 30% are deficient with levels <20 ng/mL.


     Factors associated with calcidiol deficiency can include


     Female sex.


     Ethnicity (African Americans have high incidence of deficiency, but this is associated with lower binding protein; active unbound form may be sufficient).


     Malabsorption or malnutrition.


     Seasonal variation.


     Proteinuria and hypoalbuminemia can decrease levels of binding protein and lower total levels.


     Increased catabolism of calcidiol due to corticosteroids (CS).


     Reduced production from sterol precursors due to recommendations to reduce ultraviolet (UV) light exposure to reduce skin cancer risk after transplantation.


     Calcitriol (1,25-dihydroxy vitamin D3) levels improve after transplantation; levels normalize in the majority of recipients by 3 to 6 months after transplantation. Increases in calcitriol levels are associated with


     1-alpha-hydroxylase activation related to elevated PTH levels and hypophosphatemia.


     1-alpha-hydroxylase inhibited by high levels of FGF-23; FGF-23 levels fall after successful transplant leading to decreased inhibition of the enzyme.


     Vitamin metabolism after kidney transplant


     Low calcidiol levels have been associated with elevated PTH levels and metabolic bone disease after transplant.


     There are few studies informing recommendations, either in dosing, form of replacement, or goals of treatment, for correction of vitamin D deficiency in transplant recipients.


     Management of hypovitaminosis after kidney transplant


     Low-dose cholecalciferol treatment in control arm of studies using bisphosphonates to treat low BMD did not show improvement in bone density.


     Low-dose cholecalciferol treatment (400-800 IU daily) failed to fully correct calcidiol deficiency in some observational studies.


     Higher dosed protocols for vitamin D replacement (100,000 IU cholecalciferol every 2 weeks for 2 months and then monthly for 22 months); maintained calcidiol levels between 30 and 80 mg/mL.18


     Paricalcitol and calcidiol were both effective in reducing PTH levels in a recent study; there was a higher proportion of those receiving paricalcitol with a decrease in PTH level <70 pg/mL raising concern about risk of adynamic bone disease. Protocol biopsies showed more fibrosis and tubular atrophy in the paricalcitol group.19


     Vitamin D has been reported to have effects other than on bone health, with potential effects on immunity and cardiovascular health. Observational studies in transplant recipients have shown an association of low calcidiol levels with


     Increased risk of chronic allograft nephropathy.


     Increased risk of cardiovascular disease.


     Increased risk of malignancy.


     Increased risk of posttransplant diabetes.


     There are randomized control trials currently underway20 assessing effects on correction of vitamin D deficiency on BMD as well as aforementioned nonclassical effects in transplant recipients. Whether to correct deficiency and how best to correct remains opinion based at this time. Those arguing for replacement point toward potential benefits and apparent lack of adverse effects; those arguing against cite lack of benefit noted in PTH levels and bone disease in existing studies of the nontransplant CKD population. Kidney Disease: Improving Global Outcomes (KDIGO) suggests correcting vitamin D deficiency in transplant recipients using treatment strategies recommended for the general population and transplant recipients with advanced CKD and low BMD be managed according to nontransplant CKD recommendations.


     Table 11-2 summarizes the KDIGO clinical practice guidelines for the diagnosis, evaluation, prevention, and treatment of chronic kidney disease-mineral and bone disorder (CKD-MBD): transplant recipients (2009, updated 2017).


  
    TABLE 11-2  Kidney Disease: Improving Global Outcomes Clinical Practice Guidelines for the Diagnosis, Evaluation, Prevention, and Treatment of Chronic Kidney Disease-Mineral and Bone Disorder: Transplant Recipients (2009, Updated 2017)


    
      
        
          	
            CKD stage

          

          	
            Calciuma

          

          	
            Phosphorusa

          

          	
            Parathyroid hormonea

          

          	
            Alkaline phosphatase

          

          	
            Vitamin Db

          
        


        
          	
            1T

          

          	
            Monitor every 6-12 mo.

          

          	
            Measure once with subsequent monitoring intervals based on baseline and CKD progression.

          

          	
             

          

          	
            •    In patients with CKD stages 1-5T, the authors suggest that 25(OH)D (calcidiol) levels might be measured and repeated testing determined by baseline values and interventions.b


            •    In patients with CKD stages 1-5T, the authors suggest that vitamin D deficiency and insufficiency be corrected using treatment strategies recommended for the general population.b

          
        


        
          	
            2T

          

          	
             

          
        


        
          	
            3T

          

          	
            For CKD stages 3-5T, measure alkaline phosphatase annually or more frequently in the presence of elevated PTH.

          
        


        
          	
            4T

          

          	
            Monitor every 3-6 mo.

          

          	
            Monitor every 6-12 mo.

          
        


        
          	
            5T

          

          	
            Monitor every 1-3 mo.

          

          	
            Monitor every 3-6 mo.

          
        


        
          	
            •    In CKD patients receiving treatments for CKD-MBD, or in whom biochemical abnormalities are identified, it is reasonable to increase the frequency of measurements to monitor for efficacy and side effects (not graded).


            •    It is reasonable to manage these abnormalities as for patients with CKD stages 3-5 (not graded).

          

          	
             

          

          	
             

          
        


        
          	
            Comments

          

          	
            •    In CKD patients receiving treatments for CKD-MBD, or in whom biochemical abnormalities are identified, it is reasonable to increase the frequency of measurements to monitor for efficacy and side effects (not graded).


            •    It is reasonable to manage these abnormalities as for patients with CKD stages 3-5 (not graded).

          
        

      
    


    Abbreviations: CKD, chronic kidney disease; CKD-MBD, chronic kidney disease-mineral and bone disorder; PTH, parathyroid hormone; T, transplant.


    aSuggested monitoring intervals are not graded.


    bRecommendations based on level 2C evidence: based on review of cohort studies or outcomes research.

  


  BONE DISEASE


     Bone disease is common after kidney transplantation; the spectrum is complex combining abnormalities from preexisting CKD and changes that can occur after transplant.21


     Both lumbar and femoral neck bone density has been demonstrated to decline as much as 10% to 20% in the first 6 months after transplant; smaller degrees of bone density loss can occur up to 1 year after transplant with stable bone density thereafter. Significant decrease in bone density has been shown to persist at 2 years posttransplant; some studies have shown bone density increased with longer term follow-up at 5 years.22,23


     Some studies show a greater effect of bone loss in the femur when measured by dual-energy x-ray absorptiometry (DXA) bone densitometry; measurement of bone density in the lumbar region may be confounded by vascular calcifications.


     Factors associated with loss of bone density in the transplant setting


     The use of higher doses of CS in the early posttransplant period has traditionally been felt to have the greatest effect on bone density loss. CS can cause bone loss by reducing osteoblast proliferation and function and by inducing apoptosis as well as promoting proliferation of osteoclasts. CS can also decrease intestinal calcium absorption and increase urinary calcium excretion.


     Negative effects of CS on bone metabolism are generally felt to abate when total daily prednisone dose is <7.5 mg/d.


     Other factors associated with loss of bone density


     Traditional factors associated with bone density loss such as aging, tobacco use, alcohol intake, female sex, lack of exercise


     Persistence of hyperparathyroidism after transplantation


     Hypophosphatemia


     Calcineurin inhibitors (CNIs) (tacrolimus and cyclosporine)


     Murine models have shown high bone turnover, bone loss associated with stimulation of osteoclast activity.


     Small studies have shown some improvement in bone density with early and late CS withdrawal as well as conversion to belatacept and CNI discontinuation.


     The mTOR inhibitor sirolimus does not appear to have significant adverse effects on bone metabolism.


  Spectrum of bone disease


     Studies performing bone biopsies on renal transplant recipients demonstrate a variety of histologic abnormalities despite improved renal function: A high prevalence of adynamic bone disease, osteomalacia, and mixed bone disease has been seen in addition to high turnover bone disease. Osteopenia on bone densitometry does not predict osteoporosis alone on bone biopsy. The potential presence of low bone turnover has significant implications in evaluation and management of osteopenia in this setting.3,23


     Complications


     Fractures


     Fractures risk is higher in kidney transplant recipients than the general population; however, reported incidence of fractures after transplantation is variable depending on variation of measured location of fracture and outcome.24


     Reported 5-year cumulative incidence of fractures ranges from approximately 1% to 27%; hip fractures and foot and ankle fractures were the most commonly reported sites. A high incidence of lumbar fractures has been noted when asymptomatic patients were screened by conventional x-ray.


     Risk factors for fractures in transplant recipients include older age, female sex, prior history of fracture, and history of hospitalized fall as in the general population. Presence of diabetes increases fracture risk, particularly in the appendicular skeleton.


     Transplant-related factors for fractures have not consistently been shown to potentially increase fracture risk but may include length of time on dialysis and receiving a deceased donor kidney versus living donor.


     Mortality: Not unsurprisingly, sustaining a major fracture such as a hip fracture posttransplant is associated with an increased mortality risk.


     Avascular necrosis (AVN)


     Historic rates of AVN have been more than 20% of transplant recipients.


     The femoral neck is the most common joint involved and causes significant morbidity and potential need for joint replacement.


     CS are felt to be the cause of AVN,25 causing ischemia due to lipocyte hypertrophy. Cumulative doses of CS decreased significantly with the introduction of CNI and, more recent, steroid-sparing immunosuppression drug protocols. As a result, the prevalence of AVN has decreased to approximately 5%.26 The reduction or early withdrawal of steroids remains the only efficient preventive treatment for AVN.


     Screening


     There are no well-established guidelines for screening for and management of metabolic bone disease in kidney transplant recipients. KDIGO presented recommendations and suggestions for the detection and management of bone disease in this setting in 2009, with updated treatment recommendations in 2017, based on available evidence (Figure 11-1).13,14


  
    

    Figure 11-1  Kidney Disease: Improving Global Outcomes Clinical Practice Guidelines for the Evaluation and Management of Bone Disease in the Transplant Recipients (2009, Updated 2017)
BMD, bone mineral density; CKD, chronic kidney disease; CKD-MBD, chronic kidney disease-mineral and bone disorder; eGFR, estimated glomerular filtration rate; PTH, parathyroid hormone. aKDIGO guideline recommendation ratings: Level 1 “we recommend”; Level 2 “we suggest”; Grade A: Quality of evidence is high; Grade B: Quality of evidence is moderate; Grade C: Quality of evidence is low; Grade D: Quality of evidence is very low.
  

     Noninvasive studies are not clearly dependable in differentiating those patients who may benefit by focused treatment for bone disease to decrease risk of complications. Therefore some recommend performing bone biopsy to more clearly delineate bone pathology prior to initiating treatment.


     Measurement of BMD by bone densitometry alone may be misleading as studies of bone biopsies performed in transplant recipients show a significant prevalence of adynamic bone disease.27


     Serologic markers for metabolic bone disease have not been found to be predictive of high turnover bone disease or fracture risk; this has been shown not only with elevated PTH levels but also with alkaline phosphatase, osteocalcin, vitamin D levels, or calcium and phosphorus levels.


     Newer noninvasive imaging modalities to screen for bone abnormalities that may increase fracture risk, such as trabecular bone score (TBS) recalculated from DXA images28 or high-resolution peripheral quantitative computed tomography (HR-pQCT),29 are being studied but at this time remain investigational, and bone biopsy remains the gold standard for elucidating specific bone disease. A recent study showed good correlation between HR-pQCT findings to bone biopsy parameters.


     There is no recommendation that requires a bone biopsy prior to initiating antiresorptive therapy. However, KDIGO suggests that it is reasonable to consider a bone biopsy to guide treatment. Clinical indications for performing a bone biopsy in CKD patients put forward by expert opinion include unexplained or low-impact fracture, unexplained bone pain prior to parathyroidectomy (to confirm high bone turnover) or initiation of antiresorptive therapy (to exclude low bone turnover), unexplained hypercalcemia or radiologic abnormality, and suspected toxicity from heavy or rare metals.


     Prevention of bone complications


     The goal of treatment of bone disease in transplant recipients is to reduce fracture risk. Randomized studies of therapy for metabolic bone disease have shown benefit in terms of improved bone density but have not shown reduction in fracture risk end point.30 These studies generally involve a relatively modest number of patients with relatively short follow-up time (ie, 12 months) and as such are inadequately powered to demonstrate benefit for a complication that may take years to manifest.


     Bisphosphonates


     The majority of randomized controlled trials of treatment for bone disease compared bisphosphonate antiresorptive therapy with calcium with or without vitamin D.30,31 Subjects are treated based on low bone density on bone densitometry. Oral alendronate or intravenous (IV) pamidronate have been used most frequently. Overall, these studies show a significant improvement in BMD with bisphosphonate use in the lumbar spine but not in the femoral neck. There was increased risk of adverse gastrointestinal effects with the use of oral bisphosphonates, but generally, the drugs were safe and well tolerated. Bisphosphonate treatment was not shown to reduce risk of fractures.


     Generally, use of bisphosphonates in dosing for osteoporosis for renal transplant recipients has a low risk of renal side effects. There are reports of collapsing focal segmental glomerulosclerosis (FSGS) with higher dosing of IV pamidronate used in the oncology setting and acute kidney injury (AKI) with rapid infusion IV bisphosphonates.


     Other therapies


     Randomized controlled studies using vitamin D therapy in this setting also show improvement in bone density30 but are also underpowered to show reduction in fracture risk.


     Denosumab, a monoclonal antibody that binds to receptor activator of nuclear factor κ-Β ligand (RANKL) (a protein essential for osteoclast function and survival), was used in a recent randomized control study to treat transplant recipients with well-preserved graft function with severe osteoporosis within the first year after transplant32,33:


     Significant improvement in BMD was noted at both the lumbar spine and hip; fractures were not assessed. Treatment was well tolerated, but more frequent urinary tract infections were noted in the treatment arm.


     Hypocalcemia has been reported in denosumab use in a series of nonrenal solid organ transplant patients with renal function impairment. A recent noncontrolled study using denosumab to treat low BMD in solid organ transplant recipients (15 simultaneous pancreas kidney/34 kidney only/14 liver) with CKD stages 3 to 4 (CKD stage 5 excluded) demonstrated improved bone density of the lumbar spine and no clinically significant hypocalcemia with concurrent therapy with vitamin D and calcium.


     KDOQI suggests initiating treatment in renal transplant recipients with low BMD within 12 months of transplant with estimated glomerular filtration rate (eGFR) >30 mL/min/1.73 m2 based on available information from randomized studies (see Figure 11-1).13,14 Choice of treatment with vitamin D, calcitriol/alfacalcidol, and or antiresorptive agents can be influenced by abnormal levels of calcium, phosphate, PTH, alkaline phosphatase, and 25-OH vitamin D. KDOQI notes insufficient data to make recommendations for treatment beyond 12 months because studies were short term up to 1-year follow-up.


     KDOQI 2009 recommended that BMD not be performed in transplant recipients with CKD stages 4 and 5 due to the lack of data indicating that BMD predicts fracture risk in this population. More recent data analysis in 2017 revealing correlation of low BMD with fractures in more advanced CKD led to updated recommendations to assess BMD in transplant recipients with CKD stages 4 and 5 if findings will impact treatment decisions. It was recommended that treatment should follow recommendations for nontransplant CKD stages 4 and 5.
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    Urologic Considerations in the Kidney Transplant Patient


    Nick G. Cowan

  


  PRETRANSPLANT UROLOGIC CONSIDERATIONS


     Vascular considerations


     A renal allograft must have three components to function properly: inflow of blood, outflow of blood, and urinary drainage.


     Suitable arterial targets for revascularization may be assessed pretransplant with a thorough vascular examination (pulses), abdominal ultrasound (U/S) with duplex, or computed tomography (CT) abdomen/pelvis.


     Transplant candidates with a history of peripheral vascular disease, amputations, claudication, or long-standing diabetes may warrant a more thorough vascular examination because significant atherosclerosis is more likely.


     Candidates with a history of multiple groin catheters may also warrant a more detailed vascular examination with dedicated venous imaging to ensure a venous target exists because sclerosis of the iliac venous system can occur.


     Urinary drainage


     An ideal bladder for renal allograft drainage is one which has adequate storage volume (at least 300-400 mL), normal compliance (low pressures with filling and voiding), and complete emptying (postvoid residuals <50 mL).


     Bladders that were otherwise healthy but have not been used for many years will typically have a low capacity immediately posttransplant (<200 mL) but will most often return to their predialysis capacity over the course of the first year posttransplant. Patients will often have urinary frequency immediately posttransplant as a result of this diminished capacity.


     Patients with a history of neurogenic bladder, urinary incontinence, or other bladder anomalies must be carefully evaluated preoperatively to ensure their bladders are “safe” for transplantation (ie, normal compliance, capable of emptying).


     Allograft urinary drainage is typically performed with a ureteroneocystostomy (donor ureter is connected to native bladder [Figure 12-1]) but may also be accomplished by connecting the transplant ureter to a native kidney ureter (known as the ureteroureterostomy) if necessary, although the rates of stricture are higher with this approach.


  
    

    Figure 12-1  Standard Kidney Transplant Surgical Procedure
(1) The donor renal artery is anastomosed end to side on a Carrel aortic patch to the recipient external iliac artery. (2) The donor renal vein is anastomosed to the recipient iliac vein. (3) The donor ureter is reimplanted into the recipient bladder, creating a “ureteroneocystostomy.”
  

  THE IMMEDIATE POSTTRANSPLANT PERIOD


     Posttransplant bladder spasm


     Patients may suffer from painful involuntary bladder contractions postoperatively due to the presence of the Foley balloon or ureteral stent.


     A bladder spasm typically manifests as episodic lower abdominal cramping and leakage around the Foley catheter.


     Management


     Initial management involves ensuring the catheter is draining properly and no residual urine remains in the bladder (obtain bladder scan).


     Medical management involves oral anticholinergics (oxybutynin 5 mg orally, three times a day as needed) and/or suppositories (belladonna and opium 16.2 mg/30 mg every 12 hours as needed).


     For severe cases refractory to medical management, consideration may be given to early stent or Foley catheter removal.


     Hydronephrosis


     Allograft hydronephrosis may be reported as mild, moderate, or severe. If present, discussion with the transplant surgeon and/or urologic consultation should be pursued.


     Diagnostic studies


     Allograft hydronephrosis should be assessed in the setting of an empty bladder to rule out urine reflux as the cause of dilation.


     U/S is typically used for initial assessment.


     Technetium-99m mercaptoacetyltriglycine (MAG3) nuclear function testing with furosemide washout and calculation of a t1/2 can be an adjunct test in equivocal cases of hydronephrosis to determine if urinary obstruction is present. This test should be performed with a urinary catheter in place.


     Contrast studies including antegrade or retrograde pyelograms can help elucidate the cause of the hydronephrosis (eg, stricture, stone).


     Management


     Mild hydronephrosis


     Mild hydronephrosis in the setting of a normal or downtrending serum creatinine may represent “physiologic dilation” and can most often be safely observed. A repeat U/S can be obtained in 1 to 3 months to confirm stability of the hydronephrosis.


     Mild hydronephrosis in the setting of an abnormal or uptrending creatinine without an obvious explanation for the renal insufficiency should be followed closely with repeat imaging (1-4 weeks) or additional testing.


     Moderate to severe hydronephrosis


     Should be managed with either percutaneous nephrostomy tube placement or cystoscopy and retrograde stenting.


     Ureteral stricture


     Most common major urologic complication following renal transplantation1


     Occurs in an estimated 3% of transplant recipients2


     Most often results from distal ureteral ischemia leading to fibrosis of the ureteric intima


     Onset of ureteral stricture can occur anytime between a few weeks to months after transplant.


     Ureteral stricture rates are lowest in recipients who are stented at the time of transplant.


     Clinical manifestations


     Patients may be clinically asymptomatic as the allograft is denervated and the diagnosis suspected only due to the presence of a rising creatinine and allograft hydronephrosis.


     Diagnosis


     Suspected in the presence of moderate to severe allograft hydronephrosis (best demonstrated by CT of kidneys, ureter, and bladder [KUB] or allograft U/S) despite the presence of a Foley catheter, which rules out reflux as the cause of hydronephrosis


     The diagnosis may be confirmed with an antegrade nephrostogram via a percutaneous allograft nephrostomy tube or retrograde pyelogram via cystoscopy.


     MAG3 nuclear renal scan with furosemide washout showing an elevated t1/2 (>20 minutes). Note that the result of this test is often equivocal (t1/2 >10 minutes but <20 minutes).


     Management


     Depends on stricture length and suspected etiology (ischemic, external compression, BK viral infection)


     Options include endoscopic stricture incision and/or dilation, stenting, or open reimplantation.


     Urine leak


     Second most common major urologic complication following renal transplantation


     Clinical manifestations


     Patients may present with pain (often severe pain) over the allograft and clear fluid draining from their wound.


     If a surgical drain is present, rising serous output may indicate a urine leak.


     Diagnosis


     Measure creatinine concentration in both drain fluid and serum: Surgical drain fluid with creatinine concentration of at least 1 to 2 mg/dL greater than that measured for serum is suggestive of a urine leak, although drain fluid values are often >20 mg/dL in brisk urine leaks.


     Diagnosis may be confirmed with a CT cystogram, plain film cystogram, or voiding cystourethrogram (VCUG) demonstrating urine extravasation.


     Management


     Low-volume urine leaks (low drain output, minimal extravasation on cystogram) may be successfully managed with prolonged ureteral stenting and Foley catheter drainage (typically 1-3 weeks). A repeat cystogram should be performed to confirm resolution of the leak prior to catheter removal.


     High-volume leaks should be explored without hesitation and a ureteral reimplantation or other urinary reconstruction performed.1,2


     Renal artery stenosis


     Clinical manifestations


     Patients will often be asymptomatic.


     Presence of renal artery stenosis is often suspected when there is/are unexplained allograft dysfunction, new onset or difficult to control hypertension, and/or bruit over the allograft.


     Diagnosis


     Diagnosis is suspected when a duplex U/S shows elevated renal allograft vascular velocities (>200-250 cm/s) or elevated peak systolic velocity ratio between the iliac and renal arteries (>3.0-3.5).


     CT angiogram, magnetic resonance (MR) angiogram, or angiography showing a stenosis of >50% of intraluminal diameter may be used to confirm the diagnosis.


     Note that elevated anastomotic velocities on duplex U/S are typical in the early postperiod but should normalize by approximately 3 months posttransplant. Trending the anastomotic velocity to ensure a decreasing trend may be all that is necessary for an incidental finding of elevated vascular velocities in the early posttransplant period.3


     Management


     Consultation with the surgeon who performed the transplant is essential because he or she may have insight into the specific vascular anatomy of the donor kidney and recipient vasculature.


     Consultation with interventional radiology for angiography, angioplasty, and possible stenting is the most common treatment.


     Open revision of the vascular anastomosis is rarely required.


  LONG-TERM UROLOGIC CONCERNS


     Lower urinary tract symptoms caused by benign prostatic enlargement (BPE)


     Evaluation


     Evaluation in transplant recipients is similar to that in the general population.


     Initial evaluation should include a digital rectal examination.


     Initial studies include a urinalysis to rule out infection and microscopic hematuria and measurement of postvoid residual (ideally <100 mL).


     A prostate-specific antigen (PSA) can be considered if life expectancy is >10 years.


     Management


     Initial management involves assessment of bother of urinary symptoms (consider use of validated questionnaire), occurrence of urinary tract infections (UTIs), and episodes of retention.


     Medical therapy options include α-blockers (eg, tamsulosin) and/or 5α-reductase inhibitors (eg, finasteride). These medications do not interact with the common immunosuppression medications.


     Referral to a urologist should be considered with any atypical findings in the workup or failure to respond to medical therapy.


     If symptom bother is still significant despite maximum medical therapy, then consider surgical options for bladder outlet obstruction (transurethral prostate resection, photovaporization, etc.).


     Avoid bladder outlet procedures in patients who are anuric because the prostatic urethra may heal poorly without urine flow through the channel.


     Recurrent UTIs


     Pathogenesis


     Infection can be due to bacterial persistence (persistent bacteria inside the urinary tract following treatment) or bacterial reinfection (bacteria from outside the urinary tract causing reinfection).


     Risk factors for bacterial persistence include urolithiasis, foreign bodies (ureteral stents, catheters, retained suture or staples), poorly draining area of the urinary tract (bladder diverticulum, transplant reflux, elevated postvoid residuals, hydronephrosis of native kidneys), and bacterial prostatitis.


     Risk factors for bacterial reinfection include prior urinary diversion (ileal conduit or neobladder), need for self-catheterization, poorly controlled diabetes, urinary incontinence, vaginal mucosa atrophy, and immunosuppression.


     Evaluation


     Initial evaluation includes a thorough history focusing on the aforementioned risk factors as well as an examination with special focus on the genitourinary system. Obtain a urinalysis and urine culture (consider catheterized specimen).


     Ensure proper urinary drainage by evaluating postvoid residual and ruling out native kidney and allograft hydronephrosis.


     Evaluate for infection nidus with cross-sectional imaging (CT or MR). Consideration may be given to cystoscopy if suspicion is high that a nidus exists within the bladder not seen on cross-sectional imaging.


     A VCUG should be considered to evaluate for urinary reflux into the allograft.


     Management


     If anatomic abnormalities or significant bladder dysfunction are identified


     Referral to a urologist is warranted.


     Native nephrectomy may be considered if upper urinary tract stasis exists or significant stone burden is identified.


     Transplant ureteral reimplantation may be considered with high-volume urinary reflux and recurrent febrile UTIs.


     In the absence of obvious anatomic abnormalities or bladder dysfunction


     Ensuring daily water intake of 2 L/d is the best initial treatment option.


     Consider initiation of additional low-risk preventative strategies such as vitamin C (acidifies urine), cranberry extract supplements (not juice), probiotics, and topical estrogen in females with vaginal atrophy.


     For recurrent infections resistant to the aforementioned measures


     Consider addition of methenamine or daily low-dose antibiotic suppression for 3 to 6 months to “break the cycle” of infections. Daily antibiotic regimens include trimethoprim/sulfamethoxazole single strength (TMP/SMX SS) daily, cephalexin 500 mg daily, or low-dose fluoroquinolones.


     Note: Coadministration of methenamine and sulfonamides should be avoided. Methenamine hydrolyzes to ammonia and formaldehyde in acidic urine. The latter (formaldehyde) may cause sulfonamide to precipitate in the urine.


     Patient education: Measures to avoid recurrent UTIs are discussed in this chapter.


     Microscopic hematuria


     Microscopic hematuria in the nontransplant patient is typically defined as three or greater red blood cells per high-power field in the absence of an obvious benign cause (indwelling stent, stone, UTI). This definition can also be used in the transplant recipient. A positive urine dipstick for blood must be confirmed with a microscopic examination due to the potential for false-positive dipstick tests.4


     Microscopic hematuria will be present in all transplant recipients for the first few weeks or months posttransplant due to the new ureteral reimplantation and potential presence of a ureteral stent.


     Microscopic hematuria that persists beyond 3 months posttransplant without an obvious source should prompt further evaluation and urologic consultation.


     Management


     Previous urinalysis should be reviewed to determine if a trend is present. Microscopic hematuria that was present prior to transplantation may indicate the source is from the native urinary tract.


     Workup typically includes lower urinary tract imaging with cystoscopy as well as upper urinary tract imaging.


     The ideal upper urinary tract imaging depends on the patient’s kidney function and potential contrast agent allergies but can include a CT urogram, MR urogram, retrograde pyelograms, or renal U/S.


     Persistent microscopic hematuria in a transplant recipient following a negative workup should be reevaluated after 2 to 3 years.


     Urinary incontinence


     Transient posttransplant urinary incontinence


     Patients with a long history of anuria prior to transplant may experience transient urinary frequency and urgency in the months following transplant as their bladder slowly returns to its previous volume.


     These patients can be provided reassurance but may be offered a trial of anticholinergics (oxybutynin 5 mg twice a day or three times a day).


     Persistent urinary incontinence


     May be categorized as


     Stress urinary incontinence (urinary leakage caused by cough, laugh, or sneeze) or


     Urge urinary incontinence (involuntary leakage associated with urgency)


     History will help determine if urinary incontinence is stress predominant, urge predominant, or a mixture of both.


     Evaluation


     Initial workup includes assessment of associated urinary complaints (weak stream, nocturia, and frequency) and physical examination with a thorough genitourinary examination.


     Obtain urinalysis and postvoid residual in all cases of urinary incontinence to rule out UTI and overflow incontinence respectively as the cause of urinary incontinence.


     Management


     Stress urinary incontinence in women and men should be referred to a urologist for consideration of treatment options.


     Urge urinary incontinence which is not rapidly improving following transplantation or has failed anticholinergic therapy should be referred to a urologist.


     Nephrolithiasis


     The most common stone type in the United States is calcium oxalate.


     Dehydration is the most common cause of nephrolithiasis.


     Clinical manifestations


     Native kidney nephrolithiasis is asymptomatic in the absence of obstruction. Urinary obstruction can result in flank pain or abdominal pain radiating to groin, nausea, and hematuria.


     Diagnostic study: CT KUB is the study of choice for diagnosing nephrolithiasis in both native and allograft kidneys because it defines the stone location and overall stone burden.


     Management


     Any nephrolithiasis in a renal allograft should be referred to a urologist due to the potential for renal failure in the setting of obstruction.


     Small (<1 cm) nonobstructing stones in nonfunctional native kidneys can most often be safely observed.


     Larger stone burden in native kidneys or stones occurring in the setting of infection or intractable pain should be referred to urology.


     Stones in the bladder indicate urinary stasis and should be referred to urology.


     Prostatitis


     Prostatitis may be classified as acute bacterial, chronic bacterial, and nonbacterial.


     Escherichia coli is the most common cause of bacterial prostatitis.


     Clinical manifestations


     Acute bacterial prostatitis manifests with fever, urinary urgency, urinary frequency, and/or weak stream.


     Chronic bacterial prostatitis is more common in older men and can result in lower urinary tract symptoms in addition to pelvic pain. Symptoms are typically milder than those with acute bacterial prostatitis.


     Nonbacterial prostatitis may have similar symptoms as chronic bacterial prostatitis, but only white blood cells (WBCs) are noted on urinalysis. Urine should be sent for fungal and acid-fast bacilli to rule out other causes of sterile pyuria.


     Evaluation


     Workup includes history, examination, urinalysis, and postvoid residual.


     Avoid digital rectal examination in acute febrile infections.


     Management


     Acute bacterial prostatitis


     Admission is warranted when sepsis is present.


     Digital rectal examination should be avoided in patients suspected of having this diagnosis.


     Treatment involves 4 to 6 weeks of antibiotics, most often fluoroquinolones or TMP/SMX.


     Chronic bacterial and nonbacterial prostatitis


     Treatment includes a prolonged course of antibiotics (up to 3 months).


     α-Blockers and 5α-reductase inhibitors may also be considered.


  OTHER UROLOGIC CONSIDERATIONS


     Management of transplant candidates with preexisting urologic issues


     A safe bladder (or urinary diversion) is one which stores urine at a low pressure and can be emptied completely (either spontaneously or with self-catheterization).


     Patients with abnormal bladder function or anatomy warrant an especially thorough evaluation prior to transplantation. Consultation with urology and/or transplant surgery is critical.


     The primary goal in evaluation of these patients is to determine if the bladder or current method of urine storage and drainage is “safe” for transplantation.


     A history focusing on prior urologic surgeries, urinary infections, urinary or fecal incontinence, self-catheterization, and urolithiasis is mandatory.


     The term neurogenic bladder can be applied to a variety of urinary conditions in which patients lack bladder control in association with a neurologic lesion (eg, Parkinson disease, stroke, multiple sclerosis, spina bifida, diabetes). If a neurologic lesion is not present, then an alternative diagnosis must be considered (such as overactive bladder and urinary incontinence).


     Transplant candidates with an ileal conduit, bladder augment, Mitrofanoff, or neobladder urinary diversion can often be safely transplanted with ureteral reimplantation into the existing urinary diversion. A loopogram (contrast injected into the ileal conduit under fluoroscopy) or cystogram may be obtained pretransplant to define the anatomy and function of the urinary diversion.


     Postvoid residual, VCUG, and urodynamics are tests that can be utilized to determine if a bladder is safe when history and examination are insufficient to make this determination.


     Allograft dysfunction in these patients posttransplant should prompt reevaluation of the bladder or urinary diversion to ensure it has not deteriorated in function.


     Native nephrectomy


     The indications for native nephrectomy are shown in Table 12-1.


  
    TABLE 12-1  Indications for Native Nephrectomy


    
      
        
          	
            Indications for native nephrectomy

          

          	
            Comments

          
        


        
          	
            Chronic renal parenchymal infections in the setting of infected stones, reflux nephropathy, ureteropelvic junction obstruction, recurrent infections thought to originate from the upper urinary tract

          

          	
            •    The risk of hastening dialysis initiation and/or reducing daily urine production in the pretransplant patient must be weighed against the potential benefits of a native nephrectomy


            •    Pretransplant nephrectomy should be done 2-3 mo before transplantation, preferably by laparoscopic techniques


            •    In patients with massively enlarged kidneys, transplant nephrectomy to accommodate the kidney allograft can be performed pretransplant or at the time of transplantation at the discretion of the surgeon


            •    Most symptomatic patients who still make urine can undergo transplantation followed by native nephrectomy as soon as 6-8 wk posttransplant


            •    Deferring native nephrectomy until after transplantation minimizes the risk of being anuric in the case of delayed graft function or early graft failure

          
        


        
          	
            Massive proteinuria

          
        


        
          	
            Suspected renal malignancy (solid lesion or complex cyst)

          
        


        
          	
            Large kidney stone burden, recurrent stone formation

          
        


        
          	
            Massively enlarged kidneys preventing adequate space in the pelvis for placement of a renal allograft

          
        


        
          	
            Symptomatic adult polycystic kidney disease (APKD) causing recurrent bleeding, recurrent infections, chronic pain requiring narcotic use, early satiety

          
        

      
    

  


     Involvement by urology and/or transplant surgery in the decision to proceed with native nephrectomy is critical.


     Graft intolerance syndrome


     Occurs in failed renal allografts and is thought to result from immunologic intolerance


     Symptoms can include graft swelling, abdominal pain, and fever. Allografts will typically be quite tender to palpation and enlarged on examination.


     Infection must be excluded as the cause of graft swelling and tenderness prior to consideration of medical management. Cross-sectional imaging is useful to confirm the diagnosis.


     Allografts that are not dramatically enlarged may respond to treatment with pulse steroids followed by a steroid taper (see chapter 18).


     If patients are unresponsive to the aforementioned medical treatment, allograft nephrectomy is indicated. Consultation with a transplant surgeon or urologist with transplant experience should also be obtained.


     Urologic studies in renal transplantation


     VCUG—provides both anatomic and functional information about the bladder and ureters. It can be used to assess bladder capacity, emptying ability (residual urine), bladder neck function, reflux into transplant or native ureters, and bladder diverticula.


     Urodynamics—a functional study that details bladder capacity, bladder compliance, bladder over- or underactivity, and incontinence. It is most commonly performed in patients with a history of neurogenic bladder to ensure their bladder is “safe” for urinary drainage of a transplant.


     Cystoscopy—can most often be performed without anesthesia and allows for direct visualization of the lower urinary tract; commonly used to work up microscopic hematuria in transplant candidates or recipients


     CT KUB—a noncontrast CT of the abdomen and pelvis, which is the study of choice to evaluate arterial vascular calcifications prior to renal transplantation. It is also the study of choice to evaluate nephrolithiasis. Solid masses in the native kidneys or renal allograft are not well seen with this study.


     CT urogram—a contrast-enhanced study requiring multiple passes through the CT scanner at different time points, which produces an arterial or venous phase as well as an excretory phase. The arterial or venous phase is useful to delineate vascular anatomy in potential kidney donors. The excretory phase requires functioning kidneys and results in opacification of the upper urinary tract which helps identify urothelial-based lesions.


     Duplex U/S—an anatomic and functional study, which is often the initial imaging of choice for allograft dysfunction; evaluates for hydronephrosis, stones, parenchymal lesions, and vascular flow
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  VACCINATIONS


     General considerations


     All kidney transplant candidates should receive vaccinations for hepatitis B, pneumococcus, and other standard vaccinations appropriate for age and presence of end-stage kidney disease.


     Household members, close contacts, and health care workers should also be fully immunized.


     Vaccinations using inactivated or killed microorganisms, components, and recombinant moieties are safe for transplant recipients.


     Live vaccines are contraindicated posttransplant.


     Seasonal influenza vaccine (injectable) is safe and effective; both quadrivalent and high-dose trivalent can be used.


     Ensuring adequate response to hepatitis B vaccination is important to prevent transmission of donor-derived infection (from organ or blood donors).


     Timing of vaccinations


     Vaccinations should be administered ≥4 weeks before transplant to achieve optimal response and to minimize the possibility of live vaccine-derived infection in the posttransplant period.


     Vaccinations during the first 3 months after transplantation may result in suboptimal response and protection because of heavy immunosuppression. Most centers restart vaccinations 6 to 12 months after transplantation, 3 months posttransplant for influenza during outbreaks.


     Recommended vaccinations before and after transplantation are shown in Table 13-1.1


  
    TABLE 13-1  Recommended Vaccinations Before and After Transplant


    
      
        
          	
            Vaccines

          

          	
            Before transplant

          

          	
            After transplanta ≥3 mo posttransplant

          

          	
            Commentsb

          
        


        
          	
            Measles-mumps-rubella

          

          	
            Yes

          

          	
            No

          

          	
            Should be administered ≥4 wk prior to transplant/onset of immunosuppression

          
        


        
          	
            Diphtheria-tetanus-pertussis

          

          	
            Yes

          

          	
            See comments.

          

          	
            Diphtheria and tetanus: booster every 10 y

          
        


        
          	
            Varicella-live (Varivax)

          

          	
            Yes

          

          	
            No

          

          	
            Should be administered ≥4 wk prior to transplant if nonimmune

          
        


        
          	
            Poliovirus

          

          	
            Yes

          

          	
            Inactivated polio

          

          	
            For travelers to endemic areas (eg, some parts of Asia, Africa)

          
        


        
          	
            Haemophilus influenzae type b

          

          	
            Yes

          

          	
            Yes

          

          	
            Especially important for patients who have undergone splenectomy

          
        


        
          	
            Inactivated influenza vaccine

          

          	
            Yes

          

          	
            Yes

          

          	
            Annually


            All patients who are >3 mo posttransplant should receive seasonal influenza vaccine.


            May be administered in the immediate posttransplant period during an outbreak

          
        


        
          	
            Pneumococcal conjugate PCV13

          

          	
            Yes

          

          	
            Yes

          

          	
            For those who have not received either pneumococcus vaccine, PCV13 should be administered first, followed 8 wk later by PPSV23.


            Patients who have already received one dose of PPSV23 should receive PCV13 at least 1 y after PPSV23.

          
        


        
          	
            Pneumococcal polysaccharide PPSV23

          

          	
            Yes

          

          	
            Yes

          

          	
            Recommended posttransplant if not administered pretransplant. Patients who have already received one dose of PPSV23 should receive an additional dose 5 y after the first dose of PPSV23.

          
        


        
          	
            Hepatitis A

          

          	
            Yes

          

          	
            Yes

          

          	
            Recommended posttransplant if not administered pretransplant.


            For travelers to endemic areas, men who have sex with men, other risks factors

          
        


        
          	
            Hepatitis B

          

          	
            Yes

          

          	
            Yes

          

          	
            Recommended posttransplant if not administered pretransplant. High dose often more effective than standard dose; can accelerate series if needed before transplant


            Monitor titers for response to vaccination and repeat vaccination series if needed.

          
        


        
          	
            Human papillomavirus

          

          	
            Yes

          

          	
            Yes

          

          	
            Nonpregnant female candidates aged 11-26 y, males aged 11-21 y

          
        


        
          	
            Neisseria meningitides (both quadrivalent and group B vaccines)

          

          	
            Yes

          

          	
            Yes

          

          	
            Recommended for patients before/after splenectomy, those with functional asplenia, with properdin terminal component deficiencies or receiving eculizumab therapy


            Others: military members, travelers to high-risk areas, college freshman living on campus

          
        


        
          	
            Zoster–nonlive viral particle (Shingrix)

          

          	
            Yes

          

          	
            Yes

          

          	
            Recommended over Zostavax; limited safety data patients posttransplant, contains adjuvant, moderately reactogenic

          
        


        
          	
            Zoster-live (Zostavax)

          

          	
            Yes

          

          	
            No

          

          	
            Should be administered ≥4 wk prior to transplantc/onset of immunosuppression

          
        

      
    


    Abbreviations: PCV13, pneumococcal conjugate vaccine; PPSV23, pneumococcal polysaccharide vaccine.


    aLive vaccines are contraindicated posttransplant.


    bVaccinations <3 months posttransplant may result in suboptimal response and protection.


    cIf inadvertently given within 4 weeks before transplant, consult infectious disease specialist and administer acyclovir to prevent reaction of vaccine-strain virus.

  


  INTERNATIONAL TRAVEL VACCINATION RECOMMENDATIONS/WEBSITE


     Destinations—look up country of destination for travel medicine recommendations


     https://wwwnc.cdc.gov/travel/destinations/list/


     Information on immunocompromised hosts and travel


     https://wwwnc.cdc.gov/travel/yellowbook/2018/advising-travelers-with-specific-needs/immunocompromised-travelers


     Traveler’s diarrhea


     Transplant patients traveling abroad should bring ciprofloxacin or azithromycin for self-treatment in case of severe or bloody travel-related diarrhea.


  RISK FACTORS FOR POSTTRANSPLANTATION INFECTIOUS COMPLICATIONS


     Donor-derived infections


     Recipient-related risks


     Net state of immunosuppression: intensity and duration of immunosuppression


     Surgical instrumentation, wound, abdominal fluid collections


     Underlying medical risks (eg, diabetes mellitus, uremia)


     Increased patient age


     Hypogammaglobulinemia: Although prospective controlled trials are lacking, currently available literature suggests that posttransplant monitoring of immunoglobulin G (IgG) levels and Ig replacement therapy may reduce infection rates in patients with hypogammaglobulinemia (especially IgG <400 mg/dL).2,3


     Neutropenia and leukopenia


     Drug-induced (see chapter 2): thymoglobulin, mycophenolate mofetil (MMF), azathioprine, sirolimus, valganciclovir, trimethoprim-sulfamethoxazole, dapsone, or possible idiosyncratic drug-drug reaction


     The use of granulocyte colony-stimulating factor (GCSF) is considered safe and effective in kidney transplant recipients.


     Infections with immunomodulating viruses


     Environmental exposures: nosocomial, immediate living surrounding, endemic/epidemic, colonization, travel


  TIMETABLE OF POSTTRANSPLANTATION INFECTIOUS COMPLICATIONS


  Both the type and occurrence of infections in the immunocompromised transplant recipient follow a timetable pattern (Table 13-2).4,5 However, the timing of infections may be altered by intensity of immune suppression, use of antimicrobial prophylaxis, and patient exposures.4,5 All transplant recipients should be counseled to minimize environmental exposure (primarily avoidance of pigeon droppings and areas of active building construction).


  
    TABLE 13-2  Timetable of Infections


    
      
        
          	
            Time after transplant

          

          	
            Infectious agents

          

          	
            Comments Preventive measures

          
        


        
          	
            Month 1

          

          	
            Bacterial (sites and sources)


            Urinary tract


            Respiratory


            Bacteremia


            Surgical wound or intra-abdominal sources (lymphoceles, hematomas, urine leak)


            Vascular access or instrumentation (catheters, drains, urinary stents)


            Anatomic or functional genitourinary tract abnormalities (ureteral stricture, vesicoureteric reflux, neurogenic bladder)


            Clostridium difficile or center-specific multidrug-resistant species


            Viral


            Uncommon except for HSV


            Fungal


            Candida species predominate (recipient pretransplant colonization or donor derived).


            Organisms transmitted with donor organs

          

          	
            Common nosocomial bacterial pathogens and Candida species predominate.


            Risk can be mitigated by appropriate prophylaxis (see Tables 13-3 and 13-4).


            Minimize or avoid environmental exposure at all time after transplant (primarily avoidance of pigeons and areas of active building construction).

          
        


        
          	
            Month 1-6

          

          	
            Viral


            CMV, HSV, VZV, EBV, HBV, HCV,a BK virus (exogenous infection or reactivation of latent disease due to immunosuppression)


            Others: HHV-6, HHV-7, influenza, parainfluenza, RSV, adenovirus


            Fungal


            Aspergillus species, Cryptococcus, agents of mucormycosis


            Bacterial


            Recurrent urinary tract infections or pyelonephritis


            Nocardia, Listeria, Mycobacterium species (tuberculous and nontuberculous), Legionella


            Parasitic


            Pneumocystis jiroveci, Toxoplasma, and Strongyloides species

          

          	
            Unconventional or opportunistic infections due to immunosuppression


            Risk can be mitigated by appropriate prophylaxis (see Tables 13-3 and 13-4).


            Minimize or avoid environmental exposure (noted above).

          
        


        
          	
            More than 6 mo posttransplant

          

          	
            Stable patients on low-dose immunosuppressants


            Community-acquired respiratory and GI viral pathogens


            History of multiple rejection episodes requiring intensification of immunosuppression


            Viral infections (invasive CMV such as CMV colitis or pneumonitis, VZV, parvovirus B19), late opportunistic infections (Pneumocystis, Cryptococcus, Listeria, nocardiosis), tuberculosis


            Persistent infections: HBV, HCV,a papillomavirus, BK virus


            Geographically restricted (eg, coccidioidomycosis, histoplasmosis, blastomycosis, paracoccidioidomycosis)


            Deep-seated infections (eg, osteomyelitis, paravertebral abscess). Predisposing risk factors: chronic skin infections, long-standing poorly controlled diabetes, peripheral vascular disease


            Associated with malignancies: EBV (PTLD), papillomavirus (squamous cell carcinoma), HSV (cervical cancer), HHV-8 (Kaposi sarcoma)

          

          	
            Infection risks associated with duration and intensity of immunosuppression and epidemiologic exposures


            Minimize or avoid environmental exposure (noted above).

          
        

      
    


    Abbreviations: CMV, cytomegalovirus; EBV, Epstein-Barr virus; GI, gastrointestinal; HBV, hepatitis B virus; HCV, hepatitis C virus; HHV-6, human herpes virus 6; HHV-7, human herpes virus 7; HHV-8, human herpes virus 8; HSV, herpes simplex virus; PTLD, posttransplant lymphoproliferative disease; RSV, respiratory syncytial virus; VZV, varicella zoster virus.


    aIncidence should decrease with the use of the newer interferon- and ribavirin-free anti-HCV protease inhibitor combination therapy.

  


     Month 1 after transplantation


     Donor- and recipient-derived infections with common nosocomial bacterial microorganisms and Candida species predominate.


     Most bacterial infections involve wounds, catheters, and drainage sites.


     Aspiration pneumonia and urinary tract infections (UTIs) are common.


     UTI preventive measures: early urethral catheter removal and antibiotic prophylaxis


     Infections caused by multidrug-resistant bacteria are center specific.


     Month 1 to 6 after transplantation


     Unconventional or opportunistic infections secondary to immunosuppression are most common.


     Viral infections


     Common viral infections including cytomegalovirus (CMV), herpes simplex virus (HSV), varicella zoster virus (VZV), Epstein-Barr virus (EBV), hepatitis B virus (HBV), and hepatitis C virus (HCV) may occur de novo or reactivation of latent disease.


     Community-acquired respiratory viruses are a common hazard.


     Viral infections may further impair immunity and increase the risk for additional opportunistic infections.


     BK virus (BKV) infection is an important cause of allograft loss (discussed later).


     Fungal infections


     Repeated courses of antibiotics and corticosteroid therapy increase the risk of fungal infections.


     After 6 months


     Patients can be arbitrarily divided into three categories in terms of infection risks:


     Category 1 (70%-80% of patients) consists of patients with satisfactory or good allograft function, on relatively low doses of immunosuppressants, and no history of chronic viral infection.


     The risk of infection is similar to that of the general population.


     Community-acquired respiratory viruses constitute the major infective agents.


     Opportunistic infections are unusual unless environmental exposure has occurred.


     Category 2 (approximately 10% of patients) consists of those with chronic viral infection (eg, HBV, HCV, CMV, EBV, BKV, papillomavirus).


     In the setting of immunosuppression, chronic viral infections may accelerate disease progression or give rise to associated complications (eg, liver cirrhosis with HBV and HCV, BK nephropathy [BKN], posttransplant lymphoproliferative disease [EBV], or squamous cell carcinoma [papillomavirus]). The advent of the direct-acting anti-HCV antiviral agents should result in a decrease in the incidence of chronic HCV infection and cirrhosis.


     Category 3 (approximately 10% of patients) consists of those who experience multiple rejection episodes requiring repeated exposure to potent immunosuppression.


     These patients are the most likely to develop chronic viral infections and superinfection with opportunistic infections.


     Other considerations


     New infections occurring after 6 months often reflect recent exposures (eg, Listeria monocytogenes [dietary exposure], Lyme disease [tick exposure], and malaria [travelers to endemic areas]).6


  Suggested antimicrobial prophylactic therapy in kidney transplant recipients is shown in Table 13-3.


  
    TABLE 13-3  Posttransplantation Antimicrobial Prophylaxis


    
      
        
          	
            Prophylaxis

          

          	
            Regimen

          

          	
            Comments

          
        


        
          	
            Pneumocystis jirovecii

          

          	
            First line: trimethoprim-sulfamethoxazole (TMP-SMX) × 6-12+ moa (lifelong in some, especially thoracic organs)


            Second line (sulfa allergies)b: atovaquone, dapsone, or aerosolized pentamidine

          

          	
            TMP-SMX also reduces the incidence of Toxoplasma gondii, Listeria monocytogenes, and Nocardia asteroides and reduces the incidence of UTI in kidney transplant recipients.


            Check glucose-6-phosphate dehydrogenase prior to initiation of dapsone.


            Be aware of the risk of methemoglobinemia on dapsone.

          
        


        
          	
            Fungal

          

          	
            Nystatin S&S or fluconazolec

          

          	
            Fluconazole recommended in high-risk recipients (eg, simultaneous pancreas-kidney or simultaneous liver-kidney transplant recipients, history of coccidioidomycosis, or patients who live in endemic areas)

          
        


        
          	
            CMV

          

          	
            Acyclovir, valganciclovir, ganciclovir (see Table 13-5)

          

          	
            Acyclovir for HSV and VZV prophylaxis for patients not on CMV prophylaxis

          
        

      
    


    Abbreviations: CMV, cytomegalovirus; HSV, herpes simplex virus; UTI, urinary tract infection; VZV, varicella zoster virus.


    aRestart trimethoprim-sulfamethoxazole (TMP-SMX) prophylaxis × 3 months after any Solu Medrol pulse or antibody treatment. Duration of prophylactic therapy may vary among centers (see chapter 2).


    bListed in order of preference. Consider adding fluoroquinolones or other agents for antibacterial activity for higher risk recipients.


    cWe advocate lifelong therapy in patients with history of coccidioidomycosis or in those who live in endemic areas.

  


  RECURRENT URINARY TRACT INFECTION WORKUP AND MANAGEMENT


     Symptomatic UTIs with pyuria and positive urine cultures: Treatment is indicated.


     Asymptomatic bacteriuria without pyuria: no clear need to treat. However, some centers may choose to treat in the first few months after transplant as a cautionary measure.


     Evaluation of recurrent UTIs


     Rule out urinary retention: Measure postvoid residuals (by ultrasound or catheter); if elevated (>100 mL), may need intermittent catheterization or other measures


     Preventive measures


     Avoid constipation. Refer to gastroenterologist as needed.


     Educate patients in measures to avoid recurrent UTIs (Table 13-4).


  
    TABLE 13-4  For Patients: Behavioral Therapies to Improve Bladder Emptying and Reduce the Risk of Urinary Tract Infections


    
      
        
          	
            •    Urinate every 2-3 h during the day. Consider using a smart phone or timer as a reminder to urinate frequently.


            •    Double void (take time to empty bladder fully) by changing position after first void. For women: Lean forward for first void, lean back for second void. For men: Stand for first void, sit for second void.


            •    Note: The best time to urinate is prior to having the urge.


            •    Ensure daily bowel movements. If necessary, consider taking fiber supplement (eg, Metamucil) or laxative (eg, Miralax). Follow directions on product package for optimal results.


            •    Avoid decongestants or antihistamines if poor bladder emptying (having sensation of incomplete voiding). These medications may increase the risk of urinary retention.


            •    For women: Urinate before and at least once after intercourse.


            •    Stay well hydrated with water. Limit intake of juice, soda (high sugar content), and caffeinated beverages.


            •    For postmenopausal women with frequent UTIs, consider use of vaginal estrogen cream if no history of estrogen-related cancers (eg, breast, ovarian).


            •    Call transplant clinic for any new urinary symptoms (frequency, urgency, pain/burning, fever/chills, transplanted kidney pain, blood in urine) for prompt and appropriate medical management.


            •    If poor bladder emptying is a problem, consider clean intermittent catheterization. Urinate and catheterize frequently throughout the day to keep the combined urine volume (from both urination and catheterization) under 350 mL at all times.

          
        


        
          	
            The following foods may increase bladder overactivity and contribute to lower urinary tract symptoms as well as urinary incontinence. Take the following in moderation: alcohol, coffee, tea (chamomile or peppermint teas are OK), citrus fruits and juices, tomatoes, spicy foods, sugar, honey, chocolate, onions, artificial sweeteners (especially NutraSweet), vinegar, aged or fermented foods, and highly acidic foods. Some fruits may contribute as well: apples, cantaloupes, strawberries, cranberries, grapes, guavas, peaches, pineapples, and plums.

          
        

      
    

  


     For refractory cases, urology may be able to do weekly antibiotic intravesical instillations to avoid gut microbiome alterations. Patients who self-catheterize may be able to perform these instillations themselves.


     Medical interventions


     In postmenopausal women, consider treatment with vaginal estrogen.


     Consider cranberry extract supplement, rather than juice, especially if recurrent Escherichia coli UTIs.


     Consider methenamine hippurate 1,000 mg by mouth twice daily. Note: Coadministration of methenamine hippurate and sulfonamides should be avoided (see chapter 12).


     Consider vitamin C to acidify urine if no contraindications such as history of kidney stones.


     Urecholine and D-mannose are not thought to be effective.


  SCREENING AND MANAGEMENT OF COMMON POSTTRANSPLANTATION VIRAL INFECTIONS


  Cytomegalovirus


     CMV infection generally refers to asymptomatic CMV seroconversion detected during CMV surveillance.


     CMV infection categorization


     Primary infection: donor seropositive (D+), recipient seronegative (R−)


     Reactivation of endogenous latent virus: D+/R+ or D−/R+


     Superinfection with a new virus in a seropositive recipient: D+/R+


     Clinical presentations


     Primary CMV infection is usually more severe than reactivated infection or superinfection.


     CMV disease refers to acute symptomatic CMV infection associated with various signs and symptoms including


     CMV syndrome (fever, fatigue, leukopenia, and/or thrombocytopenia and evidence of CMV viremia).


     Invasive CMV disease involving various organ systems including the liver, gastrointestinal (GI) tract, lung, or the kidney allograft. Clinically, patients may present with hepatitis, esophagitis, colitis, pneumonitis, pancreatitis, or acute kidney injury.


     CMV diagnosis


     Screening for CMV is best performed using polymerase chain reaction (PCR)-based methods for CMV DNA. Whole blood may result in higher CMV DNA results than plasma. It is best to use one specimen type for comparison.


     CMV DNA assay is highly specific and sensitive for the detection of CMV viremia, whereas pp65 antigenemia is a semiquantitative fluorescent assay in which circulating neutrophils are stained for nonspecific uptake of CMV early antigen (pp65). With the widespread availability of nucleic acid testing (NAT), antigen-based method has largely been replaced by CMV DNA testing.


     PCR results may vary significantly among laboratories. CMV quantitative NAT (QNAT) calibration based on the World Health Organization (WHO) International Reference Standard is recommended.


     Serum quantitative CMV assays in patients with invasive colitis and gastritis or neurologic disease including chorioretinitis are often negative. Patients suspected to have tissue-invasive CMV disease but with negative QNAT or pp65 antigenemia should have tissue biopsy and histopathology to confirm the clinical suspicion of CMV disease.


     CMV prevention can be achieved by prophylaxis or preemptive therapy.


     Prophylactic therapy involves antiviral beginning in the immediate postoperative period and continuing for a finite period (ie, 3-6 months).


     Preemptive therapy entails close CMV surveillance weekly for 12 weeks after transplant and initiation of treatment only in patients who are found to reach a certain threshold of positive CMV DNA by PCR (threshold to treat may differ among centers).


     Both approaches are recommended in the 2018 International Consensus Guidelines for at-risk kidney transplant recipients.7


     Suggested CMV prophylaxis protocol is shown in Table 13-5.


  
    TABLE 13-5  Suggested Cytomegalovirus Prophylaxis Protocola


    
      
        
          	
            For CMV (−) recipient of a CMV (+) organ donor (D+R−)

          
        


        
          	
            After antibody induction: valganciclovir 900 mg orally once a day × 6 mo


            If no antibody induction: valganciclovir 900 mg orally once a day × 3 mo


            After the end of prophylaxis, consider CMV DNA weekly × 3 mo.

          
        


        
          	
            For CMV (+) recipient of a CMV (−) organ donor (D−R+) or a CMV (+) organ donor (D+R+)

          
        


        
          	
            Valganciclovir 900 mg orally once a day × 3-6 mo


            Lung transplant, composite tissue—valganciclovir 900 mg orally once a day × 6 mo

          
        


        
          	
            For CMV (−) recipient of a CMV (−) organ donor

          
        


        
          	
            Acyclovir 400 mg twice a dayb (for herpes prophylaxis) × 3 mo


            CMV DNA screening when clinically indicated (or if exposure to high volume of blood products)

          
        

      
    


    Abbreviations: CMV, cytomegalovirus; D, donor; R, recipient.


    aAcyclovir, valganciclovir, ganciclovir, famvir, valacyclovir: dose adjustment for renal function necessary.


    bMay use acyclovir, famvir, or valacyclovir (center dependent).

  


     Management of CMV


     For mild clinical symptoms: oral valganciclovir 900 mg twice daily (adjusted for glomerular filtration rate [GFR])


     For severe disease, high viral load, significant GI disease, or life-threatening disease or in those intolerant to oral medication, intravenous (IV) ganciclovir 5 mg/kg every 12 hours adjusted for GFR should be used (2018 International Consensus Guidelines)7.


     Treatment duration (2013 American Society of Transplantation [AST] Infectious Diseases Community of Practice Guidelines):8 Therapy should be continued until clearance of viremia. Generally, CMV disease should be monitored once weekly using CMV QNAT (or pp65 antigenemia) to assess virologic response.


     Patients with CMV disease should remain on full therapeutic dose of antiviral therapy until CMV DNA load (or antigenemia) is undetectable (or very low, with ultrasensitive diagnostics). After completion of full-dose treatment, consider continuing weekly monitoring for CMV DNA for 8 to 12 weeks, primarily in those at higher risk for relapse.


     Other considerations in the management of CMV disease


     Cautious reduction of immunosuppression should be considered in moderate to severe disease, in slow or nonresponders, and in those with high viral load or leukopenia.


     Monitor graft function closely during CMV disease. Late-onset CMV disease occurring >2 years after transplant has been shown to be associated with poor transplant outcome.


     The beneficial effect of adding IV immunoglobulin (IVIG) or CMV Ig to existing antiviral therapy is unclear but may be considered for patients with life-threatening disease, CMV pneumonitis, resistant virus, or other severe forms of disease.


     Ganciclovir-resistant strains: Consider high-dose ganciclovir or foscarnet (potential for nephrotoxicity and synergistic nephrotoxic effect with calcineurin inhibitors). Obtain genotypic resistance testing (UL97 or UL54 gene mutation).


     Measuring anti-CMV cell-mediated immunity (using QuantiFERON-CMV or T-SPOT.CMV assays to measure the level of T-cell interferon-γ [IFN-γ] production after CMV antigen exposure) to assess the risk of CMV infection or disease and to guide therapeutic duration/management is a subject of ongoing clinical research.9,10


  BK polyomavirus


     BKV is a ubiquitous human polyomavirus with a seroprevalence rate of >80% to 90% among the adult population worldwide.


     After primary infection, BKV preferentially establishes latency within the genitourinary tract and frequently reactivates in the setting of immunosuppression.


     BK-associated clinical syndromes: asymptomatic viruria with or without viremia, BK allograft nephropathy (BKN), and less commonly interstitial nephritis and ureteral stenosis and obstruction


     BK viruria generally precedes BK viremia by a median of 4 weeks; BK viremia commonly precedes BKN by a median of 8 weeks.


     BKN


     BKN is an important cause of allograft dysfunction and graft loss.


     BKN most commonly presents with an asymptomatic rise in serum creatinine between 2 and 24 months after transplantation (median 9 months).


     Urinalysis is usually unremarkable but may reveal pyuria, hematuria, and/or cellular casts consisting of renal tubular cells and inflammatory cells.


     A definitive diagnosis of BKN requires allograft biopsy.


     Histopathologic findings of BKN (Figure 13-1)


  
    

    Figure 13-1  Histopathologic Findings of BK Nephropathy
Polyomavirus infection in tubular epithelial cells with “ground glass” nuclear inclusions and focal nuclear clearing (arrows).
  

     BK viral inclusions in renal tubular cell nuclei and occasionally in glomerular parietal epithelium


     Interstitial mononuclear inflammation, often with many plasma cells, degenerative changes in tubules, and focal tubulitis (may mimic acute rejection)


     BK infection and acute rejection may occur simultaneously, and distinguishing between BKN and acute rejection or the presence of both can be a diagnostic challenge.


     The 2017 Banff Working Group on BKN proposed using interstitial fibrosis and intrarenal BK load levels to diagnose “definitive BKN.” BKN can be further categorized into three classes based on the percentage of tubules/ducts with evidence of viral replication as well as Banff scores of interstitial inflammation and tubulitis. Class 1 denotes early-stage BKN with favorable outcome. Classes 2 and 3 have more pronounced adverse impact on graft function, with graft failure rate reaching 50% in class 3.11


     Posttransplantation BK screening


     Currently, most centers routinely screen kidney transplant recipients for BK viruria or viremia or both. In the authors’ opinion, monitoring for plasma BK alone appears to be cost-effective because BKN is seldom found in the absence of BK viremia.


     Screening strategies


     2009 Kidney Disease: Improving Global Outcomes (KDIGO) Clinical Practice Guidelines12: Quantitative plasma NAT screening should be performed (1) monthly for the first 3 to 6 months after transplant and then every 3 months until the end of the first posttransplant year, (2) whenever there is an unexplained rise in serum creatinine, or (3) after treatment of acute rejection.


     Authors’ suggested approach to BK screening is shown in Figure 13-2.


  
    

    Figure 13-2  Suggested Approach for Screening and Management of BK Virus-Associated Clinical Syndromes (Practice May Vary Among Centers)
aNo standardized polymerase chain reaction (PCR) assays for BK viral load are currently available. Cutoff levels for viral detection should be based on PCR assays used at individual institutions. Viral load of 500 copies per milliliter is the lowest detection level at the authors’ institution. bIS reduction strategies: Authors’ institution: (1) Decrease or hold MPA derivatives followed by decrease in CNI target levels based on viral load and immunologic risk. AST 2013: Strategy 1: CNI dose reduction by 25%-50% in one or more steps, followed by a 50% reduction in antimetabolite, followed by discontinuation of the latter. Strategy 2: 50% reduction in antimetabolite, followed by CNI dose reduction by 25%-50%, followed by discontinuation of antimetabolite. KDIGO 2010: immunosuppression reduction when plasma BK is persistently >10,000 copies per milliliter (IS reduction algorithm not specified). Other less common practice (center dependent): (1) decrease prednisone ± decrease CNI, (2) CNI to mTOR inhibitor switch, (3) tacrolimus to cyclosporine switch. cSee text and Table 13-6. dSee text. eEvidence-based recommendations are lacking (may avoid long-term CNI nephrotoxicity; not recommended in patients with baseline proteinuria ≥500 mg/d or at the discretion of the clinician). AST, American Society of Transplantation; CNI, calcineurin inhibitor; DSA, donor-specific antibody; IVIG, intravenous immunoglobulin; KDIGO, Kidney Disease: Improving Global Outcomes; mTOR, mammalian target of Rapamycin; PCR, polymer chain reaction.
  

     Treatment


     Reduction in immunosuppression has been accepted as the mainstay of therapy.


     Optimal reduction of immunosuppressive therapy may allow sufficient reconstitution of BKV-specific T cells to control BKV replication, while maintaining adequate immunosuppression to prevent allograft rejection.


     KDIGO Clinical Practice Guidelines12: reduction in immunosuppression when plasma BKV DNA is persistently >104 copies per milliliter (It should be noted that BK PCR assays are not standardized across centers, and the sensitivity and specificity of the assays may vary.)


     Authors’ opinion: There has been no consensus on the level of BK viral load at which immunosuppression should be reduced. In the authors’ opinion, steadily rising serum BK viral load on serial measurements warrants immunosuppression reduction because early intervention prevents progression to BKN. However, it should also be noted that although immunosuppression reduction may improve BK viremia and subsequent development of BKN, it may increase the risk of de novo donor-specific antibody (DSA) development, underscoring the need for routine DSA surveillance. Treatment should best be individualized based on patient’s immunologic risk. Suggested approach to the management of BK viremia/BKN is shown in Figure 13-2.


     Reduction in immunosuppression is not universally effective, suggesting that the balance between viral replication and virus-specific immune surveillance determines the clinical course of BK-associated clinical syndromes. Nonetheless, routine BK screening and early intervention (ie, reduction in immunosuppression) may prevent the development of BKN.13


     The effectiveness of currently available antiviral agents is unclear:


     Cidofovir, leflunomide, IVIGs, fluoroquinolones, and sirolimus alone or in combination therapy with leflunomide have been used with variable success. Note: Recent randomized controlled trials showed no beneficial effect of fluoroquinolones as a prophylactic or therapeutic agent for BK viremia.14 Authors’ opinion: not recommended


     Although antiviral therapy may reduce viral load, viral clearance may require continuous immune control.15 In nearly all case series reported, antiviral agents were initiated in conjunction with immunosuppression reduction, making it difficult to evaluate the contribution of the antiviral agent.


     IVIG therapy may be considered for persistent BK viremia particularly in patients with13


     DSAs (which may be seen arising in association with BK viremia).


     Concomitant BKN and acute rejection (acute antibody-mediated or cellular rejection).


     Histopathologic changes that are indistinguishable from those of rejection.


     Tacrolimus to cyclosporine or sirolimus conversion therapy resulted in resolution of BKN and viremia/viruria in anecdotal case reports and cannot be routinely recommended (see Table 13-6 for ongoing clinical trials).


  
    TABLE 13-6  Intervention Targeting BK Virus Infection Posttransplant


    
      
        
          	
            Intervention

          

          	
            Potential mechanism(s) of action

          

          	
            Adverse effects

          

          	
            Comments

          
        


        
          	
            Manipulation of immunosuppression

          
        


        
          	
            Reduction in immunosuppression

          

          	
            Reconstitution of BKV-specific immune response

          

          	
            Acute/chronic rejection Increased risk of de novo DSA

          

          	
            Immunosuppression reduction is the mainstay of therapy

          
        


        
          	
            Tacrolimus to cyclosporine switch

          

          	
            Experimental studies demonstrated that CSA may exert an antiviral effect on BKV via suppression of viral replication, whereas tacrolimus may activate BKV replication.

          

          	
             

          

          	
            Currently cannot be routinely recommended. Ongoing clinical trial (NCT02758288)

          
        


        
          	
            Calcineurin inhibitor to mTOR inhibitor switcha

          

          	
            mTOR inhibitors inhibit phosphorylation of the 70 kDa ribosomal protein S6 kinase and reduce BKV large T-antigen expression; may promote differentiation of antiviral memory CD8 T lymphocytes

          

          	
             

          

          	
            Effectiveness varies among studies; may have the added benefit of avoiding the long-term nephrotoxic effect of CNI therapy


            Clinical trial (NCT01649609): Substitution of tacrolimus for sirolimus vs immunosuppression reduction for the treatment of BK viremia and prevention of BKN. Study completed; results pending at the time of this writing

          
        


        
          	
            Mycophenolate mofetil to mTOR inhibitor switch

          

          	
             

          

          	
             

          

          	
            Preliminary phase 4 clinical trial results (NCT01624948): MMF to everolimus switch vs 50% MMF dose reduction in the clearance rates of viruria and/or viremia at 3 mo postrandomization: MMF to everolimus switch did not result in improvement in BKV clearance at 3 mo. There was a nonstatistically significant trend toward improved clearance with everolimus conversion at 1 y

          
        


        
          	
            Antiviral agents


            May consider adjunctive antiviral agents in BKV-associated disease refractory to reduction or manipulation of immunosuppression, although benefit is unclear

          
        


        
          	
            Cidofovir

          

          	
            Inhibits BK viral replication by an unknown mechanism

          

          	
            Potentially nephrotoxic; severe uveitis

          

          	
            Effectiveness varies among studies.

          
        


        
          	
            Intravenous immunoglobulin (IVIG)

          

          	
            BKV neutralizing antibodies. Others: steric hindrance to receptor-binding, complement-dependent cytotoxicity, viral agglutination, and antibody-facilitated phagocytosis

          

          	
             

          

          	
            Effectiveness varies among studies. IVIG may be beneficial in patients with concomitant rejection and BKN or in those with histopathologic changes that are indistinguishable from those of rejection.

          
        


        
          	
            Leflunomide

          

          	
            Tyrosine kinase inhibitor: inhibits BKV genome replication and early gene expression

          

          	
             

          

          	
            Effectiveness varies among studies.

          
        


        
          	
            Quinolones

          

          	
            Inhibit BK DNA topoisomerase and SV40 large tumor antigen helicase

          

          	
             

          

          	
            NOT EFFECTIVE (based on recent randomized trials)


            Authors’ opinion: not recommended

          
        


        
          	
            Antiviremic and antifibrotic combination therapy

          
        


        
          	
            Leflunomide and sirolimus combination therapy

          

          	
             

          

          	
             

          

          	
            The BK: KIDNI trial: standard immunosuppression reduction alone vs replacement of antimetabolite with leflunomide and sirolimus in patients with BK viremia (trial ended March 31, 2018)a

          
        

      
    


    Abbreviations: BKN, BK nephropathy; BKV, BK virus; CNI, calcineurin inhibitor; CSA, cyclosporine A; DSA, donor-specific antibody; KIDNI, kinase inhibition to decrease nephropathy intervention; MMF, mycophenolate mofetil; mTOR, mammalian target of rapamycin; SV40, simian virus 40.


    aStudy results are pending at the time of this writing.

  


     Future directions (Detailed discussion is beyond the scope of this book.)


     Monitoring BKV-specific T-cell response might prove useful in guiding therapeutic intervention.


     Monitoring BKV genotype-specific neutralizing antibodies as a potential novel predictive marker of BKV replication16


     Development of BKV-specific T cell for adoptive transfer or antibody-based vaccines against BKV is a subject of ongoing research.


     Current practice


     Routine BK screening after kidney transplantation is standard of care in most transplant centers. Reduction in immunosuppression is the mainstay of therapy.17


     In patients with sustained high-level BK viremia despite reduction of immunosuppression, antiviral agents may be considered. However, it should be noted that the effectiveness of currently available antiviral agents is of uncertain benefit. Suggested mechanisms of action of various antiviral agents are shown in Table 13-6.


     The authors’ suggested approach for screening and management of BK viremia and BKN is shown in Figure 13-2. Practice may vary among centers and among clinicians.


     Patients with graft loss due to BKN can safely undergo retransplantation (preferably following BK viral clearance).


  Commonly encountered viral infections


     HSV 1 and 2


     Results primarily from reactivation of endogenous latent virus, causing clinical infection within the first few months after transplantation (without prophylaxis)


     The routine use of acyclovir prophylaxis in the early posttransplantation period is recommended (see Table 13-5) (also covered by valganciclovir for those on CMV prophylaxis).


     Clinical manifestations: oral mucocutaneous lesions or gingivostomatitis with or without odynophagia and dysphagia


     Treatment (KDIGO guidelines)12


     Superficial HSV 1 and 2 infection: oral antiviral agent (eg, acyclovir, valacyclovir, or famciclovir) until all lesions are crusted


     Systemic HSV 1 and 2 infection: IV acyclovir and reduction in immunosuppression. IV acyclovir should be continued until the patient has a clinical response and then switch to an appropriate oral antiviral agent to complete a total treatment duration of 14 to 21 days.


     In patients with frequent recurrences of HSV 1 and 2 infection, prophylactic antiviral agent is recommended.


     Varicella zoster (KDIGO guidelines)12


     Primary VZV infection (chickenpox): IV or oral acyclovir or valacyclovir and temporary reduction in immunosuppression. Treatment should be continued until all lesions have crusted.


     Uncomplicated herpes zoster (shingles): oral acyclovir or valacyclovir (better bioavailability) until all lesions have crusted


     Disseminated or invasive herpes zoster should be treated with IV acyclovir and temporary reduction in immunosuppression until all lesions have crusted.


     Prevention of primary varicella zoster should be instituted to varicella-susceptible patients after exposure to individuals with active varicella infection (discussed further under “Potential exposure to infectious agents: What to do” section).


     Adenovirus


     Occurs in 4% to 5% of kidney transplant recipients


     Risk factors: intensity of immunosuppression. Supporting evidence


     Higher incidence in the first 3 months after transplantation


     Infection occurs in association with treatment of acute rejection.


     Resolution of the infection with immunosuppression reduction


     Clinical manifestations


     Vary with the transplanted organ, with the allograft itself being the most frequent organ involved


     Kidney transplant recipients frequently present with hemorrhagic cystitis, fever, dysuria, frequency, urgency, and gross hematuria.


     Hemorrhagic cystitis is frequently accompanied by graft dysfunction, and kidney function generally returns to baseline after resolution of the adenovirus disease.


     Treatment


     Reduction of immunosuppression is the mainstay of therapy.


     Cidofovir is used for the treatment of adenovirus disease by some centers, although its use is not supported by any prospective randomized clinical trials. Additionally, routinely suggested dosing may not achieve therapeutic levels against adenovirus.


     Hepatitis B


     Recipients who are hepatitis B core total antibody positive should either be monitored after transplant by periodic HBV viral load testing or given antiviral prophylaxis for a period of time after transplant.


     Evidence of posttransplant HBV reactivation should be treated with entecavir or another nucleotide analogue.


     The authors advocate antiviral prophylactic therapy in all hepatitis B surface antigen (HBsAg)-positive candidates at the time of transplantation.


     Hepatitis C


     Kidneys from hepatitis C–positive donors may be offered to hepatitis C–positive transplant candidates (who are viremic) who have consented to receive such kidney.


     Active viral replication at the time of transplant has been shown to be associated with a higher incidence of long-term clinical liver disease and worse allograft function and survival compared with HCV-positive recipients with persistently negative viremia.


     Patients who are not viremic at the time of transplant but become viremic posttransplant have inferior outcomes compared with those who remain free of viral replication.


     Treatment


     Stable kidney transplant recipients with HCV viremia detected by PCR are routinely referred to hepatology for treatment.


     Currently available fixed-dose combination direct-acting antiviral agents (DAAs) that have been approved for use in kidney transplant recipients18


     Ledipasvir (90 mg) and sofosbuvir (400 mg) combination therapy is approved for the treatment of HCV genotype 1 or 4 infection.


     Glecaprevir (300 mg) and pibrentasvir (120 mg) combination therapy is approved for the treatment of HCV genotypes 1 to 6 infections.


     Sofosbuvir (400 mg) and daclatasvir (60 mg) plus a low initial dose of ribavirin (600 mg)


     Elbasvir/grazoprevir or glecaprevir/pibrentasvir: recommended drug regimens for severe renal impairment (sustained viral response rates >90%)19


     The introduction of DAA may improve outcomes in hepatitis C–positive transplant recipients; some programs are using these agents to treat after transplant from HCV-seropositive donors to seronegative recipients.


     IFN-based therapy increases the risk of allograft rejection. However, with the advent of DAA, IFN-based therapy has become obsolete.


  Posttransplantation diarrhea and common gastrointestinal infections


     Posttransplantation diarrhea is common and can be noninfectious (commonly drug related) or infectious in etiology.


     Drug-related diarrhea


     MMF is the most common cause of diarrhea in the early posttransplant period. Other GI side effects include nausea, vomiting, dyspepsia, anorexia, and flatulence.


     Dose reduction or transient discontinuation of the drug often ameliorates or resolves GI symptoms.


     Mycophenolate sodium (Myfortic, the enteric-coated formulation of mycophenolic acid) has not been consistently shown to be better than the original formulation in ameliorating GI symptoms. Nonetheless, MMF to enteric-coated mycophenolate sodium conversion therapy can be considered in patients with GI intolerance associated with MMF use.


     Sirolimus, tacrolimus, and cyclosporine have all been suggested to cause diarrhea to variable extent.


     Diarrhea may cause elevation in tacrolimus levels due to decreased metabolism.


     Infectious causes of diarrhea


     Most commonly encountered bacterial pathogen: Clostridium difficile


     Diagnostic testing: stool toxin or PCR


     Treatment: First episode: oral vancomycin 125 mg four times a day for 10 to 14 days or fidaxomicin 200 mg twice a day for 10 days. First relapse: treatment same as for first episode. Second relapse: oral vancomycin. Third or more relapses: prolonged oral vancomycin taper (125 mg four times per day for 10-14 days, two times per day for a week, once per day for a week, and then every 2 or 3 days for 2-8 weeks). May consider fecal microbiota transplantation or the monoclonal antibody bezlotoxumab.20 Note: Metronidazole 500 mg three times a day for 10 to 14 days is no longer considered a first-line regimen due to risk of recurrence after treatment.


     Most commonly encountered viral pathogen: CMV


     Diagnostic testing: plasma CMV PCR; colonoscopy may be required for diagnosis.


     Treatment (see CMV section)


     Norovirus is increasingly recognized as a cause of diarrhea after solid organ transplantation.


     Can cause both acute and chronic diarrhea in solid organ transplant recipients


     Diagnostic testing: norovirus PCR


     Treatment: supportive (volume repletion, antimotility agents), reduction in immunosuppression (inconclusive evidence), nitazoxanide, or IVIG in conjunction with immunosuppression reduction (anecdotal case reports)21


     Other pathogens: bacterial (Salmonella, Campylobacter); parasitic infections (Giardia, Cryptosporidium, Strongyloides)


     Detected by stool culture, bacterial PCR panel, parasite-specific antigen testing, or ova and parasite examination


     Cryptosporidium may result in very high tacrolimus levels.


     Posttransplantation infections of the GI tract may be viral, fungal, or bacterial in etiology.


     Common viral infections: CMV, HSV (discussed earlier)


     Common opportunistic fungal infection: Candida


     Common bacterial pathogens: C. difficile (discussed earlier), Helicobacter pylori


     Clinical disease spectrum of H. pylori includes chronic gastritis, duodenal and gastric ulcers, mucosa-associated lymphatic tissue (MALT) lymphoma, and gastric carcinoma.


     Treatment includes a triple-drug regimen consisting of two antibiotics and an acid-suppressive agent such as an H2-blocker or a proton pump inhibitor (PPI). The first-line H. pylori regimen is shown in Table 13-7.


  
    TABLE 13-7  First-line Treatment Regimens for Helicobacter pylori as Recommended by the American College of Gastroenterology


    
      
        
          	
            Penicillin allergies

          

          	
            Regimen

          
        


        
          	
            Yes

          

          	
            Standard-dose PPIa twice daily + clarithromycinb 500 mg twice daily + amoxicillin 1,000 mg twice daily for 10-14 d

          
        


        
          	
            Yes

          

          	
            Standard-dose PPIa twice daily + clarithromycin 500 mg twice daily + metronidazole 500 mg twice daily for 10-14 d

          
        


        
          	
            Penicillin allergies and failed aforementioned therapy

          

          	
            Bismuth subsalicylate 525 mg orally four times daily + metronidazole 250 mg orally four times daily + tetracycline 500 mg orally four times daily + standard-dose PPIa twice daily for 10-14 d


            or


            Bismuth subcitrate 420 mg orally four times daily + metronidazole 375 mg orally four times daily + tetracycline 375 mg orally four times daily + standard-dose PPIa twice daily for 10-14 d

          
        

      
    


    Abbreviation: PPI, proton pump inhibitor.


    aPPI options: omeprazole 20 mg twice daily, pantoprazole 40 mg twice daily, lansoprazole 30 mg twice daily, or rabeprazole 20 mg twice daily.


    bClose monitoring of cyclosporine or tacrolimus or mammalian target of rapamycin (mTOR) inhibitor is required when starting or stopping clarithromycin.

  


     In kidney transplant recipients infected with H. pylori, MALT lymphoma may be less aggressive than other lymphomas, and the disorder may be cured by eradication of H. pylori.


  POTENTIAL EXPOSURE TO INFECTIOUS AGENTS: WHAT TO DO


     Exposure to persons who have chickenpox or herpes zoster


     If the transplant recipient is already immune to varicella/chickenpox by either history of disease, vaccination, or serology positive for varicella IgG, there is no need for concern or additional measures.


     If nonimmune, consider a course of acyclovir 400 mg orally three times a day for 2 to 3 weeks or varicella zoster immunoglobulin (VARIZIG). The latter can be expensive and difficult to obtain.


     Exposure to persons with influenza


     Prophylaxis with oseltamivir 75 mg a day (renally adjusted if needed) can be given for 10 days.


     Administer influenza vaccination if not yet given for the season.


     Tick bite


     Regional variations in tick-borne disease exist.


     Figure 13-3 provides a clinical algorithm that may be useful in regions endemic for tick-borne disease.


  
    

    Figure 13-3  Tick Bite Protocol
PCR, polymerase chain reaction. aIt is unnecessary to keep the tick and send it out for identification. bNote that doxycycline may cause nausea and vomiting.
  

     Cat or dog bite


     The wound should be irrigated and cleaned.


     Consider antibiotic prophylaxis with an agent such as amoxicillin/clavulanate that covers Pasteurella and anaerobes.


     Tetanus booster given if needed


     Close clinical observation is warranted.
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      CHAPTER 14

    


    Posttransplantation Cardiovascular Disease


    Phuong-Thu T. Pham, Phuong-Mai T. Pham, Phuong-Anh T. Pham, Hai V. Pham, Phuong-Chi T. Pham, and Son V. Pham

  


  Cardiovascular disease (CVD) is the most frequent cause of death with a functioning graft. Although kidney transplantation ameliorates cardiovascular (CV) risk by restoring renal function, it introduces new CV risks, including impaired glucose tolerance or diabetes mellitus, hypertension, and dyslipidemia due in part to immunosuppressive medication-related adverse effects. CV risk factors in kidney transplant recipients encompass both conventional and unconventional risk factors (summarized in Table 14-1). Treatment and management of selected CV risk factors are discussed.


  
    TABLE 14-1  Posttransplantation Conventional and Unconventional Cardiac Risk Factors


    
      
        
          	
            Conventional

          

          	
            Unconventional

          
        


        
          	
            Modifiable or potentially modifiable

          

          	
            Nonmodifiable

          

          	
            Modifiable or potentially modifiable

          

          	
            Nonmodifiable

          
        


        
          	
            Hypertension


            Dyslipidemia


            Diabetes


            Obesity or metabolic syndrome


            Smoking

          

          	
            Age


            Family history


            Pretransplant diabetes


            Male gender


            History of pretransplant and posttransplant cardiovascular disease

          

          	
            Proteinuria


            Posttransplant diabetes mellitus


            Left ventricular hypertrophy


            Anemia


            Hyperuricemia


            Vitamin D deficiency


            Cytomegalovirus infection


            Delayed graft function


            Hyperhomocysteinemia


            Dialysis vintage


            Posttransplant chronic kidney disease


            Low albumin level


            Obstructive sleep apnea


            Prothrombotic state


            Low physical activity


            Increased inflammatory markers such as inflammatory cytokines, C-reactive protein

          

          	
            Recipient factors


            Prior acute rejection episodes


            Chronic kidney injury from any cause


            Preexisting coronary calcification


            Cardiac troponin T

          
        


        
          	
            Donor factors (donor quality)


            Donor age


            Donor hypertension


            Donor recipient size mismatch


            Donor APOL1 gene polymorphism (may be associated with early graft dysfunction)

          
        

      
    


    Abbreviation: APOL1, apolipoprotein L1.

  


  POSTTRANSPLANTATION HYPERTENSION


     Posttransplantation hypertension is common and is present in 50% to 90% of kidney transplant recipients. In one single-center study, ambulatory blood pressure (BP) measurements demonstrated that only 5% of kidney transplant recipients were normotensive (defined as BP <130/80 mm Hg).1


     Hypertension is a risk factor for both CVD and kidney graft failure.


     Risk factors for posttransplantation hypertension


     Recipient-related factors


     Preexisting hypertension


     High body mass index or excess weight gain


     Sodium intake after transplantation


     Excess renin output from the native kidneys may play a contributory role in some patients. In kidney transplant recipients with severe hypertension refractory to medical therapy, bilateral native nephrectomy has been reported to ameliorate BP control.2


     Note: In the immediate postoperative period, elevated BP may be due to hypervolemia, postoperative pain, high-dose corticosteroid, discontinuation of home antihypertensive medications, and/or anxiety. Overly aggressive BP lowering may increase the risk for acute tubular necrosis or delayed graft function and should be avoided. In the acute setting, a systolic BP <180 mm Hg is acceptable because blood flow to the newly transplanted kidney is dependent on an adequate mean systemic BP.3


     Immunosuppressive agents


     Corticosteroids


     Cyclosporine and, to a lesser degree, tacrolimus


     Donor-related factors


     Donor age, hypertension, and donor family history of hypertension


     Donor factors associated with reduced graft function may indirectly increase posttransplantation hypertension risk (eg, donor apolipoprotein L1 [APOL-1] or CYP3A5 gene variants; the former is associated with early graft failure and the latter with calcineurin inhibitor [CNI] nephrotoxicity).4


     Kidney allograft–related factors


     Delayed graft function


     Chronic allograft injury


     Acute rejection episodes


     Recurrent or de novo glomerulonephritis


     Transplant renal artery stenosis


     Management of posttransplantation hypertension should include


     Identification and treatment of the underlying cause.


     Lifestyle modifications and treatment of associated CV risk factors. Dietary approach is discussed in chapter 17.


     Home BP monitoring may be invaluable in guiding therapy.


     BP goal


     The Kidney Disease Improving Global Outcome (KDIGO) guidelines suggest a BP goal of <130/80 mm Hg for kidney transplant recipients irrespective of the level of albuminuria (recommendations based solely on epidemiologic data).5


     A BP goal <125/75 mm Hg for patients with proteinuria is of uncertain benefit.


     Selection of antihypertensive agents


     Currently available literature shows no conclusive evidence to suggest that one class of antihypertensive agent is superior to another in the transplant setting. Treatment should be individualized based on efficacy, tolerability, concomitant comorbidity, and drug-drug interactions with immunosuppressive agents. Examples6


     β-Blockers


     Should be considered in patients with ischemic heart disease or atrial fibrillation with rapid ventricular rate


     Perioperative β-blocker use reduces coronary heart disease events in transplant candidates with history of coronary artery disease.


     Nondihydropyridine calcium channel blockers


     Increase CNI blood levels and permit CNI dose reduction


     At the authors’ center, unless contraindicated, diltiazem is used in all kidney transplant recipients to boost CNI drug levels.


     Diuretics


     Use in the early posttransplant period is beneficial in patients who are volume expanded.


     Thiazides may improve both hypertension and hyperkalemia commonly seen in CNI-treated kidney transplant recipients (CNIs have been shown to induce a Gordon-like syndrome via activation of thiazide sensitive channels at the distal convoluted tubules).


     Angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs)


     May cause acute changes in renal function as well as hyperkalemia


     These agents are generally not started until allograft function is stable.


     Randomized controlled trials in the general population demonstrated that ACE inhibitors, ARBs, β-blockers, and aldosterone receptor antagonists improve symptoms, reduce hospitalization, and/or provide survival benefit in chronic heart failure with reduced ejection fraction (HFrEF with ejection fraction ≤40%).7 Similar studies in the transplant settings are lacking. Limited studies in kidney transplant recipients demonstrated that renin-angiotensin-aldosterone blockade reduced CV events and ameliorated CNI-induced interstitial fibrosis and tubular atrophy.8 However, the favorable impact on patient and graft survival has not been consistently demonstrated.9


     Potential advantages and disadvantages of different classes of antihypertensive agents in kidney transplant recipients are shown in Table 14-2.


  
    TABLE 14-2  Potential Advantages and Disadvantages of Different Classes of Antihypertensive Agents


    
      
        
          	
            Classes of drugs

          

          	
            Advantages/beneficial effects

          

          	
            Disadvantages/adverse effects

          
        


        
          	
            Angiotensin-converting enzyme (ACE) inhibitors


            Angiotensin receptor inhibitors

          

          	
            Beneficial in patients with proteinuria, DM, LVH


            Potential renoprotective and cardioprotective effects


            Beneficial in posttransplant erythrocytosis

          

          	
            Potential worsening anemia


            GFR decline, hyperkalemia

          
        


        
          	
            Aldosterone receptor blockers (eg, spironolactone, eplerenone)

          

          	
            May improve outcome in patients with HFrEF. Data are lacking (see text).


            May improve blood pressure control in patients with difficult-to-treat hypertension

          

          	
            Severe hyperkalemia when used in combination with ACE inhibitor or ARB, particularly in patients with poor kidney function

          
        


        
          	
            α-Blockers (eg, prazosin)

          

          	
            Beneficial in patients with benign prostatic hypertrophy or neurogenic bladder

          

          	
            Orthostatic hypotension

          
        


        
          	
            β-Blockers (eg, carvedilol, metoprolol, bisoprolol)

          

          	
            Beneficial in patients with CAD or ischemic heart disease

          

          	
            Blunting of hypoglycemic unawareness, erectile dysfunction, hyperlipidemia, bronchospasm, hyperkalemia (nonselective > selective β1-blockers)

          
        


        
          	
            Calcium channel blockers (dihydropyridine: amlodipine, nifedipine)

          

          	
            Amlodipine may be used in patients with HFrEF.

          

          	
            Nifedipine, amlodipine (peripheral edema)


            Nifedipine (reflex tachycardia)

          
        


        
          	
            Calcium channel blockers (nondihydropyridine: diltiazem, verapamil)

          

          	
            Ameliorate CNI-induced vasoconstriction


            Increase CNI level, allowing CNI dose reduction: Diltiazem may permit CNI dose reduction by up to 40% and verapamil by 30%-50%.

          

          	
            Increased risk of bradycardia when used with β-blockers (verapamil > diltiazem)

          
        


        
          	
            Central α-agonist (eg, clonidine, methyldopa)

          

          	
            Beneficial in patients with diabetic autonomic dysfunction

          

          	
            Depression

          
        


        
          	
            Diuretics (loop and thiazide diuretics)

          

          	
            Beneficial in patients who are volume expanded


            Thiazide may improve hyperkalemia commonly seen in CNI-treated patients. Its use may also increase BMD and decrease fracture risk (beneficial in osteoporosis).

          

          	
            Hyperuricemia, gout


            Thiazides generally ineffective when GFR <30 ml/min/1.73m2

          
        


        
          	
            Direct vasodilators (eg, hydralazine, minoxidil)

          

          	
            Minoxidil: may be beneficial in difficult to treat hypertension


            Hydralazine/isosorbide dinitrate combination: may be beneficial in HFrEF among African Americans

          

          	
            Minoxidil (peripheral edema, reflex tachycardia, hirsutism), hydralazine (lupus syndrome and anti-neutrophilic cytoplasmic antibody [ANCA] vasculitis)

          
        

      
    


    Abbreviations: ARB, angiotensin receptor blocker; BMD, bone marrow density; CAD, coronary artery disease; CNI, calcineurin inhibitor; DM, diabetes mellitus; GFR, glomerular filtration rate; HFrEF, heart failure with reduced ejection fraction; LVH, left ventricular hypertrophy.

  


  POSTTRANSPLANTATION DYSLIPIDEMIA


     Dyslipidemia is common after transplantation. Similar to the nontransplant settings, dyslipidemia is an important risk factor for coronary artery disease.


     Risk factors6


     Immunosuppressive agents: Corticosteroids, the mammalian target of rapamycin (mTOR) inhibitors sirolimus and everolimus, and the calcineurin inhibitors cyclosporine and tacrolimus.


     Of all immunosuppressive agents, tacrolimus has the least adverse effect on the lipid profiles whereas mTOR inhibitors are associated with the worst lipid profiles (particularly hypertriglyceridemia).


     CV risk has not consistently been shown to be higher in kidney transplant recipients treated with mTOR inhibitors compared with CNI-treated patients.


     The antiproliferative and cardioprotective effects of mTOR inhibitors and the reduction in CNI-related risk factors may offset the adverse effects of hyperlipidemia.


     Limited data in heart transplant recipients suggests that CNI to sirolimus conversion therapy may attenuate cardiac allograft vasculopathy (CAV) progression and CAV-related events compared with CNI continuation.10


     Nonimmunosuppressive medications: β-blockers, diuretics


     Others: diet, rapid weight gain, hyperinsulinemia, hypothyroidism, preexisting hypercholesterolemia, allograft dysfunction, proteinuria, genetic predisposition


     Management of hyperlipidemia


     Lipid goals for patients at risk for atherosclerotic CVD in the general population (2017 American Association of Clinical Endocrinologists and American College of Endocrinology)


     Total cholesterol levels <200 mg/dL


     Low-density lipoprotein cholesterol (LDL-C) levels


     LDL-C <130 mg/dL (low risk)


     LDL-C <100 mg/dL (moderate and high risk)


     LDL-C <70 mg/dL (very high risk)


     LDL-C <55 mg/dL (extreme risk)


     Triglyceride (TG) levels <150 mg/dL


     Kidney transplantation is regarded as a risk factor for coronary heart disease similar to other conventional cardiac risk factors. Hence, despite the lack of evidence-based recommendations, most transplant centers assess and treat dyslipidemias aggressively with lifestyle modification and statin therapy (or other lipid-lowering agents if intolerant or refractory to statin therapy).


     Lifestyle changes play a critical role in CVD risk reduction and should not be overlooked. Heart-healthy diet, regular exercise, weight reduction or maintaining a healthy weight, and tobacco avoidance should be emphasized. Referral to a registered dietitian should be considered at the discretion of the clinician. Suggested Therapeutic Lifestyle Changes (TLC) diet for adults is discussed in chapter 17.


     Adherence to lifestyle modification should be regularly assessed prior to or in conjunction with statin therapy (or other lipid-lowering agents).


     Pharmacologic therapy


     Statins


     In addition to their lipid-lowering effect, statins may protect against CVD via their antiproliferative and anti-inflammatory properties and ability to reduce circulating endothelin-1, C-reactive protein levels, systolic and diastolic BP, and pulse pressure.


     The clinical benefits of statins in the general population have been demonstrated in several large randomized controlled trials. There has been only one single prospective randomized trial in transplant recipients comparing statins (fluvastatin) with placebo—the Assessment of LEscol in Renal Transplantation (ALERT) trial11:


     A prospective, multicenter, double-blind, placebo-controlled trial involving 2,102 renal transplant recipients with total cholesterol 4.0 to 9.0 mL/L.


     Patients were randomized to receive either statin (fluvastatin) or placebo.


     Primary end points: first occurrence of a major adverse cardiac event, defined as cardiac death; nonfatal myocardial infarction (MI) verified by hospital records; or coronary revascularization procedure, including coronary artery bypass graft or percutaneous coronary intervention


     Results


     Mean follow-up of 5.1 years


     Fluvastatin lowered LDL-C concentrations by 32%.


     Risk reduction with fluvastatin for the primary end point (risk ratio 0.83 [95% CI, 0.64-1.06], P = .139) was not significant, although there were fewer cardiac deaths or nonfatal MI (70 vs 104, risk ratio 0.65 [0.48-0.88] P = .005) in the fluvastatin group than in the placebo group.


     Coronary intervention procedures and other secondary end points did not differ significantly between groups.


     Further analysis demonstrated a beneficial effect of early initiation of fluvastatin on outcome. The earlier the initiation of therapy, the greater the reduction in cardiac events. Patients who received statin therapy within the first 4 years after transplantation had a risk reduction of 64% compared with 19% for those who received therapy after 10 years.


     Caution: The concomitant use of statins and CNIs, particularly cyclosporine, often results in a several-fold increase in statin blood level and an increased risk for myopathy and rhabdomyolysis. Rhabdomyolysis associated with tacrolimus and statin use is generally seen in patients on concomitant diltiazem therapy (see chapter 2 for drug-drug interactions).


     Nonstatin therapy: ezetimibe


     Ezetimibe and statin combination therapy has been suggested to improve cholesterol control because of their complementary mechanisms of action. Ezetimibe blocks intestinal absorption of dietary cholesterol, whereas statin inhibits hepatic cholesterol synthesis.


     Study of Heart and Renal Protection (SHARP) trial12


     Chronic kidney disease (CKD) patients were randomized to receive either simvastatin 20 mg plus ezetimibe 10 mg or placebo.


     Statin and ezetimibe combination therapy conferred a 17% CV risk reduction compared with placebo at a median follow-up of 4.9 years.


     Limited studies suggest that statin and ezetimibe combination therapy is safe and effective in the treatment of dyslipidemia in kidney transplant patients who are refractory to statin therapy.13


     Currently available data do not support the routine addition of nonstatin drug to statin therapy for CVD risk reduction in the general population or in the transplant setting. However, based on the safety and efficacy data of ezetimibe use among CKD patients, ezetimibe may be used as second-line treatment option for high-risk kidney transplant recipients who are intolerant of statin or who are refractory to statin therapy.


     Proprotein convertase subtilisin/kexin type 9 inhibitors


     Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a proprotein convertase involved in the degradation of LDL receptors in the liver.


     PCSK9 inhibitors are human monoclonal antibodies that inhibit the binding of PCSK9 to the LDL receptors.


     PCSK9 inhibitors


     Reduce the degradation of LDL receptors and increase the clearance of LDL-C from the circulation. Their use has been shown to reduce LDL-C levels over and beyond those achieved by statin therapy with favorable short-term outcomes over 1 to 2 years.


     Randomized, placebo-controlled trials demonstrated that PCSK9 inhibitors significantly reduced LDL-C levels by up to 60% to 70% when administered as monotherapy or as an add-on treatment to statins and other lipid-lowering agents.14


     Approved by the U.S. Food and Drug Administration (FDA) for use as an adjunct to diet and maximally tolerated statin therapy in patients with heterozygous familial hypercholesterolemia or those with atherosclerotic CVD who require additional LDL-C lowering


     The role of PCSK9 inhibitors in the treatment of dyslipidemia in CKD patients and in kidney transplant recipients remains to be studied.


     Management of hypertriglyceridemia


     First-line treatment


     Therapeutic Lifestyle Changes (TLC): increased physical activity, aerobic exercise, weight reduction in obese individuals, dietary counseling, smoking cessation


     Treat or correct secondary causes: glycemic control in diabetics, avoidance of excessive alcohol intake and/or drugs that can exacerbate hypertriglyceridemia.


     KDIGO dietary modification guidelines15,16: low-fat diet (<15% total calories), reduction of monosaccharide and disaccharide intake, reducing the total amount of dietary carbohydrates, and use of fish oils to replace some long-chain triglycerides (TGs). Dietary modification should be used judiciously, if at all, in individuals who are malnourished.


     Adult treatment panel (ATP) III dietary recommendations for patients with fasting TG >1,000 mg/dL (11.3 mmol/L): diet very low in fat (<15% total calories), medium-chain TGs, and fish oils to replace some long-chain TGs


     Severe hypertriglyceridemia associated with mTOR inhibitor use: Management includes dose reduction; pharmacologic therapy; and, in refractory cases, switching of mTOR inhibitors to mycophenolic acid derivatives or tacrolimus (consultation with transplant center is recommended).


     Pharmacologic therapy


     Fibrates


     Of currently available lipid-lowering agents, fibrates have the most pronounced effect on lowering plasma TG levels.


     Fibrates should be avoided in those with CKD stage 5. Fenofibrate is contraindicated in patients with an eGFR <30 mL/min/1.73 m2. Data on the safety of gemfibrozil in patients with advanced CKD are lacking.


     Although all fibrates in combinations with statins have been associated with creatinine kinase elevations with or without overt rhabdomyolysis and myopathy, gemfibrozil may have a greater risk for the development of myopathy compared with fenofibrate or bezafibrate.


     Ezetimibe


     Limited studies (small case series) demonstrated that ezetimibe has TG-lowering effects and is safe and effective in transplant settings.13,17


     There are currently no data to suggest that adding fibrates to statin therapy is superior to adding ezetimibe to statin therapy in the treatment of posttransplantation hypertriglyceridemia.


     Bile acid resins


     Bile acid sequestrants must be used with caution because of their potential interference with the absorption of CNIs and mycophenolic acid derivatives. Coadministration of bile acid sequestrants and mycophenolic acid products is not recommended.


     Studies in the general population suggest that bile acid sequestrants may increase TG levels. Their use is contraindicated in individuals with TGs >400 to 500 mg/dL.18


     Niacin


     Niacin lowers TG and LDL-C levels and has pronounced effects on increasing high-density lipoprotein (HDL) concentration.


     Niacin monotherapy has not been reported to cause myopathy, but its combined use with lovastatin, pravastatin, or simvastatin may be associated with rhabdomyolysis.


     Guidelines for the treatment of dyslipidemia in adult kidney transplant recipients


     KDIGO Clinical Practice Guidelines for Lipid Management in CKD15,16


     Statin therapy in all adult kidney transplant recipients. However, the age at which statin treatment should begin remains to be defined.


     The expert panel suggested that in the absence of traditional CV risk factors, kidney transplant recipients younger than 30 years of age could choose not to receive statin treatment if priority is placed on minimizing polypharmacy and drug toxicity over the small absolute CV risk reduction (rationale for recommendations: risk of coronary events is age dependent, and the ALERT trial did not enroll participants younger than 30 years).


     Hypertriglyceridemia: TLC are advisable. Fibrate use to prevent pancreatitis or reduce CV risk is not recommended. An elevated serum creatinine has been reported to be associated with its use, potentially outweighing its clinical beneficial effect (observational study in patients ≥ 66 years of age); of note, however, whether the increase in serum creatinine reflects a decline in eGFR remains to be studied.


     American College of Cardiology/American Heart Association (ACC/AHA) guidelines19


     There is insufficient randomized controlled trial evidence for guiding clinical recommendations for solid-organ transplant recipients.


     Clinical judgment weighing potential benefits and risks and patient preferences is suggested.


     Treatment of hypertriglyceridemia to reduce CVD risk in the transplant settings is not addressed by the ACC/AHA.


     KDIGO and ACC/AHA suggested guidelines for the management of posttransplantation dyslipidemia are shown in Table 14-3.


  
    TABLE 14-3  KDIGO and ACA/AHA Guidelines for the Management of Posttransplantation Dyslipidemia


    
      
        
          	
            Pharmacologic therapy

          
        


        
          	
            KDIGO guidelines

          

          	
            ACC/AHA guidelines

          
        


        
          	
            •    Statin in all kidney transplant recipients (see text for recommendations for patients <30 y of age)


            •    Ezetimibe for those intolerant to statin


            •    Follow-up lipid profile not required


            Elevated triglyceride


            •    Therapeutic lifestyle changes


            •    Low-fat diet (<15% total calories), reduction of monosaccharide and disaccharide intake, reducing the total amount of dietary carbohydrates, and use of fish oils to replace some long-chain triglycerides


            •    Fibrate use to prevent pancreatitis or reduce CV risk is not recommended (see text)

          

          	
            •    Statin therapy should be based on


            •    Clinical judgment (weigh risks and benefits)


            •    Patient preferences


            •    Follow-up lipid profile at 4 and 12 wk after treatment to assess medical adherence and then every 3-12 mo as clinically indicated


            Statin: Benefits outweigh risks in patients with


            •    Clinical ASCVD


            •    Primary elevation of LDL-C >190 mg/dL


            •    Diabetes, age 40-75 y, LDL-C 70-189 mg/dL, and without clinical ASCVD


            •    Clinical ASCVD or diabetes, LDL-C 70-189 mg/dL, and estimated 10-y ASCVD risk >7.5%


            Elevated triglyceride


            •    Not addressed by ACC/AHA

          
        

      
    


    All kidney transplant recipients (kidney transplantation is considered coronary heart disease risk equivalent). Initial assessment of lipid profile (total cholesterol, LDL-C, high-density lipoprotein cholesterol, triglyceride). Therapeutic lifestyle changes (first-line treatment).


    Abbreviations: ACC, American College of Cardiology; AHA, American Heart Association; ASCVD, atherosclerotic cardiovascular disease; KDIGO, Kidney Disease: Improving Global Outcomes; LDL-C, low-density lipoprotein cholesterol.

  


     Management of posttransplantation dyslipidemia (authors’ opinion)


     TLC in all patients (discussed earlier)


     Statins should be the first-line therapy.


     Consider atorvastatin or rosuvastatin for patients with mixed dyslipidemia.


     Ezetimibe should be considered in those intolerant to statins (despite dose reduction or despite switching to a less potent agent).


     Adding ezetimibe to statin therapy seems reasonable in mild to moderate hypertriglyceridemia (TG <500-1,000 mg/dL or 5.65-11.29 mmol/L). Correction of secondary causes should not be overlooked (eg, glycemic control in diabetics, avoidance of excessive alcohol intake and/or drugs that can exacerbate hypertriglyceridemia).


     Although fibrates have a more pronounced TG-lowering effect than ezetimibe, fibrate use may require statin dose reduction due to increased myopathy and rhabdomyolysis risk—hence, potentially lowering the beneficial effect of maximizing statin therapy. In patients with severe hypertriglyceridemia (TG >1,000 mg/dL or 11.29 mmol/L), adding fibrate to statin therapy should be individualized. Close monitoring of allograft function is recommended because of the unclear effect of fibrate on renal function. Patients should be informed of potential drug-related adverse effects and drug-drug interactions. Consider lipid specialist referral.


     Simvastatin and gemfibrozil combination therapy is associated with an increased risk for rhabdomyolysis and should be avoided.


  POSTTRANSPLANTATION DIABETES MELLITUS


  General overview


     Posttransplantation diabetes mellitus (PTDM), also known as new-onset diabetes after transplantation (NODAT), occurs in 4% to 25% of kidney transplant recipients.20


     The variation in PTDM incidence may be due to the historical lack of a standard definition, duration of follow-up, undiagnosed pretransplant diabetes mellitus, type of organ transplant, and the presence of both modifiable and nonmodifiable risk factors.20,21


     In 2014, the International Expert Panel recommended changing the terminology NODAT back to PTDM, excluding transient posttransplantation hyperglycemia (posttransplant day 0-45).22


     Utilizing the term NODAT is thought to be misleading because it seemingly excludes patients with pretransplant diabetes.


     Preexisting diabetes is often undiagnosed because of the effect of CKD on insulin metabolism and clearance and the lack of effective pretransplant screening.


     The diagnostic criteria for posttransplantation diabetes and prediabetes should follow those set forth by the American Diabetes Association expert panel (Table 14-4).


  
    TABLE 14-4  American Diabetes Association Diagnostic Criteria for Prediabetes and Diabetes


    
      
        
          	
            Testa

          

          	
            Prediabetes

          

          	
            Diabetes

          

          	
            Comments

          
        


        
          	
            Random glucose plus classic hyperglycemia symptoms or crisis

          

          	
            

          

          	
            ≥200 mg/dL


            ≥11.1 mmol/L

          

          	
            Random glucose: anytime of the day without regard to time since last meal


            Symptoms: polyuria, polydipsia, unexplained weight loss

          
        


        
          	
            Fasting plasma glucose

          

          	
            Impaired fasting glucose


            ≥100 and <126 mg/dL


            ≥5.6 and <7.0 mmol/L

          

          	
            ≥126 mg/dL


            ≥7.0 mmol/L

          

          	
            No caloric intake for at least 8 h

          
        


        
          	
            2-h plasma glucose (during an oral glucose tolerance test)

          

          	
            Impaired glucose tolerance


            ≥140 and <200 mg/dL


            ≥7.8 and <11.1 mmol/L

          

          	
            ≥200 mg/dL


            ≥11.1 mmol/L

          

          	
            Using glucose load of 75 g anhydrous glucose dissolved in water

          
        


        
          	
            HbA1c

          

          	
            Increased diabetes risk


            HbA1c 5.7%-6.4%

          

          	
            ≥6.5 %

          

          	
            HbA1c should be measured in an NGSP-certified laboratory. The purpose of the NGSP is to standardize HbA1c test results to those of the Diabetes Control and Complications Trial (DCCT) and United Kingdom Prospective Diabetes Study (UKPDS) which established the direct relationships between HbA1c levels and outcome risks in patients with diabetes.

          
        

      
    


    Abbreviations: HbA1c, hemoglobin A1c; NGSP, National Glycohemoglobin Standardization Program.


    aResults must be confirmed by repeat testing.

  


     Risk factors


     PTDM may arise from both transplant-related and traditional risk factors.


     The diabetogenic effect of corticosteroids, CNIs (tacrolimus > cyclosporine), and mTOR inhibitors have been well described.


     The antimetabolites azathioprine and mycophenolic acid derivatives (mycophenolate mofetil, mycophenolate sodium) are not diabetogenic.


     Belatacept is a humanized fusion protein that inhibits the costimulatory pathway. Its use in kidney transplant recipients has not been shown to increase PTDM risk.


     Risk factors for PTDM are summarized in Table 14-5. They may be loosely categorized into those that are nonmodifiable, potentially modifiable, and modifiable.20,21


  
    TABLE 14-5  Risk Factors for Posttransplantation Diabetes Mellitus


    
      
        
          	
            Nonmodifiable

          

          	
            Potentially modifiable

          

          	
            Modifiable

          
        


        
          	
            African American, Hispanic


            Age >40-45 y


            Recipient male gender


            Family history of diabetes mellitus


            HLA A30, B27, B42


            HLA mismatches


            Acute rejection history


            Deceased donor


            Male donor


            Polycystic kidney diseasec


            Genetic polymorphisms (eg, TCF7L2 rs7903146)

          

          	
            Hepatitis Ca


            CMV infectionb


            Pretransplant IFG/IGT


            Hypomagnesemia


            Proteinuriac

          

          	
            Manipulation of immunosuppression (Clinicians must be familiar with patient’s immune history [see text].)


            Obesity or other component of the metabolic syndrome


            Vitamin D deficiency

          
        

      
    


    Abbreviations: CMV, cytomegalovirus; HLA, human leukocyte antigen; IFG, impaired fasting glucose; IGT, impaired glucose tolerance.


    aAntiviral therapy with direct-acting antiviral (DAA) agents is discussed in chapters 4 and 13.


    bPosttransplant CMV prophylactic and preemptive therapy is discussed in chapter 13.


    cThe association between polycystic kidney disease (or proteinuria) and posttransplantation diabetes mellitus (PTDM) has not been consistently observed.

  


     Complications of PTDM


     Negative impact on patient and graft survival (in some but not all studies)21


     Nephropathy, retinopathy, neuropathy, increased CV, and infectious disease risk (Complications are similar to those seen in the general population.)


  Screening and management of posttransplantation diabetes mellitus


     The 2014 updated international consensus guidelines on the screening, diagnosis, and management of early posttransplant hyperglycemia and PTDM are shown in Figure 14-1.22


  
    

    Figure 14-1  The 2014 International Consensus Guidelines on Screening, Diagnosis, and Management of Posttransplantation Diabetes Mellitus
aHbA1c alone <365 days may underestimate PTDM and require confirmatory testing. HbA1c, hemoglobin A1c; OGTT, oral glucose tolerance test; PTDM, posttransplantation diabetes mellitus.
  

     Authors’ suggested screening and management of PTDM are discussed in the following text and summarized in Table 14-6.


  
    TABLE 14-6  Screening and Management of Posttransplantation Diabetes Mellitus (Opinion Based)


    
      
        
          	
            Screening and Management of PTDM

          

          	
            Comments

          
        


        
          	
            PTDM screening


            Baseline A1c at 3 mo after transplant, then at 6 mo, 9 mo, 12 mo, and then annually


            Treat vitamin D deficiency if applicable.

          

          	
            If screening A1c is in the prediabetic range, patients should be counseled on dietary and lifestyle modification and A1c monitored every 3 mo.

          
        


        
          	
            Newly diagnosed PTDM


            Dietitian and/or diabetic educator referral recommended

          

          	
        


        
          	
            Dietary modification


            Dietary modification with carbohydrate controlled diet


            For diabetic dyslipidemia: Diet low in saturated fats and cholesterol and high in complex carbohydrates and fibers


            AHA guidelines (in nontransplant settings)


            Limit cholesterol intake to <200 mg/d for individuals with diabetes mellitus


            <7% of calories from saturated fats: 2%-3% of calories from trans fatty acids


            ≤2,400 mg of sodium per day


            >25 g of dietary fiber per day and 2 servings of fish per week

          

          	
            Dietary guidelines for vegetarians are lacking. Flaxseeds (or flaxseed oil) and chia seeds are alternative sources of ω-3 fatty acid.

          
        


        
          	
            Lifestyle modification


            Exercise, weight reduction or avoidance of excessive weight gain, smoking cessation

          

          	
            Define realistic goals (eg, target weight loss of 5%-10% of total body weight)

          
        


        
          	
            Pharmacologic therapy


            Target A1c 7.0%-7.5%, not to fall below 6% particularly if hypoglycemic reactions are common (2009 KDIGO guidelines)


            Treatment options: oral agents, GLP-1 agonist, DPP-4 inhibitors, insulin (see text and Table 14-7)


            Consider diabetologist referral if A1c remains at 9.0% or higher.

          

          	
            Acute, marked hyperglycemia generally requires inpatient management. Consider insulin drip when glucose ≥400 mg/d.

          
        


        
          	
            Adjustment or modification of immunosuppression (see comments)


            Safe rapid prednisone taper to 5 mg daily maintenance dose


            Routine corticosteroid withdrawal is not recommended.


            Consider cyclosporine-based immunosuppression if multiple PTDM risk factors are present.


            Tacrolimus to cyclosporine switch may be considered in low-immunologic risk patients (variable results).

          

          	
            Clinicians must be familiar with the patient’s immune history before manipulating immunosuppressive therapy. Immunosuppression adjustment to reduce PTDM risk in high immunologic risk patients is not recommended.

          
        


        
          	
            Monitoring PTDM


            A1c every 3 mo


            Screening for microalbuminuria, regular ophthalmologic examination, aggressive treatment of hyperlipidemia and hypertension, regular foot care

          

          	
            

          
        

      
    


    Abbreviations: AHA, American Heart Association; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagonlike peptide-1; KDIGO, Kidney Disease: Improving Global Outcomes; PTDM, posttransplantation diabetes mellitus.

  


     New-onset perioperative hyperglycemia


     Perioperative hyperglycemia is common and may develop in the context of high-dose corticosteroid or as a consequence of postsurgical stress or both.


     Insulin is commonly used to control hyperglycemia during that time period.


     Monitoring hyperglycemia after hospital discharge


     At the authors’ institution, fasting and premeal glucose monitoring is routinely recommended for patients with new-onset posttransplant hyperglycemia particularly those requiring insulin therapy in the immediate posttransplant period. Note: Monitoring a 2-hour postprandial blood glucose may be a better indicator of diabetes and its control, particularly in steroid-treated patients.


     Glycemic control may improve with corticosteroid taper, thereby permitting discontinuation of insulin or transition of insulin to oral hypoglycemic agents. The latter is usually not done until graft function is stable because of the unpredictability of glycemic control associated with fluctuating graft function and steroid taper.


     Persistent hyperglycemia with premeal plasma glucose levels ≤140 to 150 mg/dL (or A1c ≤6.5%-6.9%) can be managed conservatively with dietary modification and lifestyle changes.


     If glycemic control does not reach therapeutic targets after 3 months, pharmacologic therapy is recommended.


     Note6


     A1c cannot be accurately interpreted within the first 3 months after transplantation for several reasons:


     Anemia and impaired graft function can directly interfere with the A1c assay.


     Recent blood transfusion or the use of dapsone may alter A1c levels.


     Although oral glucose tolerance test (OGTT) is widely accepted as gold standard, screening all patients with OGTT may be impractical in clinical practice and should be individualized and reserved for those with multiple risk factors.


     Pharmacologic management of PTDM


     It has been suggested that insulin therapy in the immediate or perioperative period may prevent β-cell exhaustion and progression to overt PTDM. In contrast, sulfonylureas have been shown to be associated with β-cell apoptosis and β-cell exhaustion, raising theoretical concern about their use in PTDM, particularly in the early posttransplant period.23 Further studies are needed.


     Evidence-based studies recommending one oral agent over the other in the context of transplantation are lacking. The choice of individual agents should be based on the potential advantages and disadvantages of different classes of agents (Table 14-7).


  
    TABLE 14-7  Potential Advantages and Disadvantages of Various Classes of Antihyperglycemic Agents


    
      
        
          	
            Agents

          

          	
            Advantages

          

          	
            Disadvantages/comments

          
        


        
          	
            Insulin sensitizers

          
        


        
          	
            Biguanides (eg, metformin,a buformin)

          

          	
            Weight neutral or weight loss, no hypoglycemia, cardioprotection (metformin)

          

          	
            Gastrointestinal intolerance, lactic acidosis with renal impairmenta

          
        


        
          	
            Thiazolidinedione derivatives (eg, pioglitazone)

          

          	
            Low hypoglycemic risk, does not depend on renal excretion

          

          	
            Fluid retention: worsen CHF, edema (especially with insulin), weight gain, accelerated bone loss, decrease bone formation, increase fracture risk


            Contraindicated in NYHA functional classes III and IV, CHF or hepatic impairment

          
        


        
          	
            Insulin secretagogues

          
        


        
          	
            Sulfonylureas (eg, glipizide, glyburide)

          

          	
            

          

          	
            Weight gain, edema, hypoglycemia (particularly in elderly and patients with renal allograft impairment)


            Glyburide may accumulate in renal insufficiency.


            SMZ-TMP coadministration increases hypoglycemia risk.b

          
        


        
          	
            Glinides (eg, repaglinide, nateglinide)

          

          	
            Rapid onset and offset. Best suited for patients whose food intake is erratic (best taken before meals, and the dose may be omitted if a meal is skipped).

          

          	
            Weight gain, hypoglycemia (lower risk than sulfonylureas)

          
        


        
          	
            Glucagonlike peptide-1 analogues

          
        


        
          	
            Examples: Dulaglutide, liraglutide, exenatide (renal dosing)

          

          	
            Weight loss (delayed gastric emptying, early satiety), low risk of hypoglycemia

          

          	
            GI intolerance, risk of pancreatitis


            Thyroid cancerc

          
        


        
          	
            Dipeptidyl peptidase-4 inhibitors

          
        


        
          	
            Examples: Vildagliptin, sitagliptin,d linagliptin

          

          	
            Weight neutral, low risk for hypoglycemia


            Possible β-cell preservation

          

          	
            Renal dosing except linagliptin


            Risk of pancreatitis, ketoacidosis

          
        

      
    


    Abbreviations: CHF, congestive heart failure; GI, gastrointestinal; NYHA, New York Heart Association; SMZ-TMP, sulfamethoxazole-trimethoprim.


    aKDIGO guidelines: Reduce dose if estimated glomerular filtration rate (eGFR) <45 mL/min/1.73 m2. Discontinue if eGFR <30 mL/min/1.73 m2.


    bFrom Parekh TM, Raji M, Lin YL, et al. Hypoglycemia after antimicrobial drug prescription for older patients using sulfonylureas. JAMA Intern Med. 2014;174(10):1605-1612.


    cContraindicated in patients with personal history or family history of thyroid cancer or multiple endocrine neoplasia (MEN) type 2.


    dSitagliptin may prolong QT interval particularly when used with cyclosporine.

  


     Special considerations


     Metformin


     Metformin has not been widely used in the setting of transplantation due to the concern for lactic acidosis in the presence of dynamic kidney allograft function particularly in the early posttransplant period.


     Nonetheless, the potential beneficial effects of metformin including weight neutral or weight loss, cardioprotection, and lack of significant drug-drug interactions renders metformin an attractive treatment option for solid organ transplant recipients.


     KDIGO guidelines regarding the use of metformin


     Reduce dose if eGFR <45 mL/min/1.73 m2.


     Discontinue if eGFR <30 mL/min/1.73 m2.


     Newer glucose-lowering agents: dipeptidyl peptidase-4 (DPP-4) inhibitors (eg, vildagliptin, sitagliptin, linagliptin) and glucagonlike peptide-1 (GLP-1) receptor agonists (eg, liraglutide)


     Limited studies demonstrated that these agents are safe and effective in the treatment of PTDM in kidney transplant recipients.24,25


     Combination drug therapy can be considered when monotherapy fails to achieve target A1c level.


     Failure to achieve glycemic control despite oral antihyperglycemic agent combination therapy generally necessitates initiation of insulin therapy. Conversely, adding an oral antihyperglycemic agent to insulin therapy may decrease exogenous insulin requirement.


     Sodium-glucose cotransporter type 2 (SGLT2) inhibitor


     SGLT2 treatment is associated with increased risks for urinary tract infection and genital candidiasis, potentially limiting its use in kidney transplant recipients.


     Authors’ opinion: Not recommended until safety data are available.


     Manipulation of immunosuppression


     Tacrolimus-to-cyclosporine conversion or steroid avoidance or withdrawal has variably been shown to improve glycemic control.26 However, such practice is not without rejection risk and should not be done for the sole purpose of preventing PTDM. Clinicians must be familiar with the patients’ immune history. Consultation with transplant center is recommended.


     Note: Mycophenolate exposure is lower with cyclosporine than with tacrolimus immunosuppression; hence, mycophenolic acid derivative dosage adjustment or drug level monitoring may be necessary (ie, mycophenolate dosing may need to be increased with tacrolimus-to-cyclosporine conversion).


  POSTTRANSPLANTATION OBESITY


     Definition of obesity and transplant consideration of the obese kidney transplant candidates are discussed in chapters 4 and 17.


     Management of posttransplantation obesity


     Lifestyle and dietary modification


     Corticosteroid reduction or withdrawal must be balanced against the risk of graft rejection and graft loss. Clinicians must be familiar with patient’s immune history (consultation with the transplant center is recommended).


     The use of pharmacologic agents for weight reduction in the posttransplantation period is currently not recommended because of unknown potential drug-drug interactions.


     Data are inadequate regarding the safety and efficacy of posttransplantation gastric bypass surgery or adjustable gastric banding in ameliorating comorbid conditions such as hypertension, diabetes mellitus, and dyslipidemia. All studies reported to date were limited by lack of suitable comparison group, short follow-up and heterogeneity in type of bariatric procedure and approach. However, with the refinement in surgical techniques and advancement in postoperative care, posttransplantation bariatric surgery for morbid obesity should be explored. The advantages and disadvantages of the different types of bariatric surgery are discussed in chapter 4.


  The effect of individual immunosuppressive agent on posttransplant hypertension, dyslipidemia, and PTDM is shown in Table 14-8.


  
    TABLE 14-8  Effect of Immunosuppressive Agents on Posttransplantation Hypertension, Dyslipidemia, and Posttransplantation Diabetes Mellitus


    
      
        
          	
            

          

          	
            Corticosteroid

          

          	
            CSA vs. Tac

          

          	
            mTOR inhibitor

          
        


        
          	
            Hypertension

          

          	
            Yes

          

          	
            CSA > Tac

          

          	
            No

          
        


        
          	
            Dyslipidemia

          

          	
            Yes

          

          	
            CSA > Tac

          

          	
            mTOR inhibitor > CSA > Tac

          
        


        
          	
            PTDM

          

          	
            Yes

          

          	
            Tac > CSA

          

          	
            Yes

          
        

      
    


    Abbreviations: CSA, cyclosporine; mTOR, mammalian target of rapamycin; PTDM, posttransplantation diabetes mellitus; Tac, tacrolimus.

  


  CIGARETTE SMOKING


     As in the general population, cigarette smoking is associated with increased CVD morbidity and mortality in kidney transplant recipients.


     Smoking cessation 5 years before transplantation reduces the risk of death by 29%.27


     Every effort should be made to encourage patients to stop smoking.


     A multifaceted approach including behavioral and pharmacologic strategies appears to be most effective.


  POSTTRANSPLANTATION PROTEINURIA


     Proteinuria occurs in 9% to 40% of kidney transplant recipients with a functioning graft. Proteinuria from native kidneys typically decreases rapidly after transplantation and resolves within 3 months (generally within the first month) after transplant.6


     Persistent or worsening proteinuria is usually indicative of allograft pathology. Allograft biopsy should be performed in kidney transplant recipients with persistent or worsening proteinuria and in those whose primary kidney disease is focal segmental glomerulosclerosis to monitor for disease recurrence. Urine protein to creatinine ratio should also be closely monitored at each clinic visit.


     As in the nontransplant setting, posttransplantation proteinuria increases the risk of CV events, graft loss, and mortality.


     mTOR inhibitor-induced proteinuria


     The effect of mTOR-induced proteinuria on CVD risk is currently not known.


     Although proteinuria generally increases the risk of CV events, mTOR inhibitor use has also been shown to have antiproliferative and cardioprotective effects. Hence, the independent effect of mTOR inhibitor-induced proteinuria on CVD risk is difficult to delineate and remains to be studied.


     The use of ACE inhibitor or ARB


     The favorable effect of ACE inhibitor or ARB on patient and graft survival has not been consistently demonstrated. Nonetheless, ACE inhibitor or ARB should be considered in transplant recipients with proteinuria because of their well-established antiproteinuric and cardioprotective effects.


     The 2009 KDIGO clinical practice guidelines recommend ACE inhibitor or ARB as first-line therapy for patients with hypertension and proteinuria of ≥1 g/d.
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  GENERAL OVERVIEW


     Recipients of organ transplants are at increased risk for developing certain neoplasms compared with the general population.


     Posttransplant malignancy is an important cause of death in long-term kidney transplant recipients.


     The overall incidence of de novo malignancies is two- to fourfold greater in solid organ transplant recipients compared with that of the general population.1


     Compared with the general population, kidney transplant recipients have a substantially higher risk for


     Nonmelanoma skin cancers.


     Kaposi sarcoma (KS).


     Posttransplant lymphoproliferative disorder (PTLD).


     Note: Nonmelanoma skin cancers (particularly squamous cell carcinoma [SCC]) have the highest standardized incidence ratios in transplant recipients.


     The mean time to diagnosis of different neoplasms varies with the type of organ involved.


     KS, PTLD, testicular cancer, cancer of the small intestine, and thyroid cancer occur early after transplantation (defined as <800 days after transplantation in one study).2


     By 20 years after kidney transplant, nearly 50% have one or more skin cancers, and 10% to 27% have nonskin cancers.3


     Common cancers in the general population, including breast, colon, prostate, lung, bladder, stomach, and pancreas were found to occur more frequently in kidney transplant recipients in some but not all studies.


     Suggested risk factors


     Duration and intensity of immunosuppressive agents due to their presumed ability to promote replication of oncogenic viruses.


     The Australia and New Zealand Dialysis and Transplantation Registry analysis demonstrated that among all cancers known to occur at increased rates in kidney transplant recipients, the pattern of incidence after allograft failure was highly variable. Nonetheless, risk reversal was generally observed for cancers known to be associated with an infectious cause.4 Examples include


     KS and human herpes type 8.


     Non-Hodgkin lymphoma and Epstein-Barr virus (EBV).


     Well-described virus-associated cancers are shown in Table 15-1.


  
    TABLE 15-1  Virus-Associated Cancers


    
      
        
          	
            Oncogenic viruses

          

          	
            Specific virus-associated cancers

          
        


        
          	
            Epstein-Barr virus

          

          	
            PTLD, non-Hodgkin lymphomas, Hodgkin lymphoma, and plasma cell neoplasms

          
        


        
          	
            Human herpes virus 8

          

          	
            Kaposi sarcoma

          
        


        
          	
            Hepatitis B and hepatitis C

          

          	
            Hepatocellular carcinoma

          
        


        
          	
            Human papillomavirus (HPV)

          

          	
            Vulva, vagina, cervix, penis, anus, oral cavity, and pharynx

          
        


        
          	
            Possibly HPV related

          

          	
            Non–melanocytic-related skin cancer

          
        

      
    


    Abbreviation: PTLD, posttransplant lymphoproliferative disorder.

  


     The precise cause of increased risk of lip cancer has not been well-defined. The Transplant Center Match Study database demonstrated a strong association of lip cancer with white race and prior history of skin cancer, suggesting that ultraviolet radiation exposure is an important risk factor. A higher incidence of lip cancer was also found among transplant recipients receiving cyclosporine/azathioprine compared with tacrolimus/mycophenolate mofetil maintenance immunosuppression. The contributory role of cyclosporine and azathioprine was thought to be due to their photosensitizing or DNA damaging effects.5


     Although melanoma has no known infectious etiology, a causal relationship between immunosuppression and its development in recipients of kidney transplants has been suggested.


     Others: older age, male gender, Caucasian race, pretransplant dialysis duration, smoking history, deceased donor organ, cumulative exposure to radiation from repeated medical imaging studies, antecedent use of immunosuppressive agents to treat primary kidney diseases


  SKIN CANCERS


     Most common de novo posttransplant malignancy in the adult transplant population


     Incidence of SCC > basal cell carcinoma (BCC)


     SCC in organ transplant recipients


     Most common cutaneous malignancies in solid organ transplant recipients, with a 65- to 100-fold greater incidence compared with the general population6


     More clinically aggressive disease and worse tumor histology compared with that of the general population7


     Metastatic disease occurs in 3% to 8% of patients.


     Risk factors for skin cancers


     Pretransplant history of SCC


     Actinic keratoses and viral warts (increased risk for keratinocyte carcinoma)


     Duration of follow-up after transplant


     Light-skin color (easily sunburned)


     Intensity of sun (ultraviolet radiation) exposure (eg, high-altitude residence)


     Older age at transplant


     Patients who develop SCC after transplantation are at increased risk for subsequent SCC, whereas those with a first posttransplant BCC are at risk for subsequent BCC.


     Azathioprine-based immunosuppression was found to be associated with a significantly increased risk for subsequent SCC but not subsequent BCC.


     Note: Voriconazole (a commonly used antifungal agent to treat invasive fungal infection in organ transplantation) use is associated with increased cutaneous SCC risk in organ transplant recipients, particularly in recipients of lung transplants. Voriconazole-associated increased risk of skin malignancy has been suggested to be due to increased skin photosensitivity.8


     Mammalian target of rapamycin (mTOR) inhibitor in posttransplant cutaneous malignancies


     The mTOR inhibitors sirolimus and everolimus have antiproliferative and antitumoral effects.


     The Sirolimus Renal Conversion Trial (CONVERT) in which patients were randomized to sirolimus conversion or calcineurin inhibitor (CNI) continuation demonstrated that9


     Sirolimus-based, CNI-free immunosuppression was associated with a significant reduction in nonmelanoma skin cancers at 2 years postconversion (1.2 vs 4.3, P < .001).


     Sirolimus-treated patients had a significantly lower incidence of melanoma, although the incidence of melanoma was low (1.1% in the CNI continuation group and 0% in the sirolimus conversion group, P = .06).


     There was a nonstatistically significant lower rate of all other cancers (1.0 vs 2.1, P = .058).


     Both “de novo” mTOR inhibitor use and CNI to mTOR inhibitor “conversion therapy” were found to be associated with decreased nonmelanoma skin cancer risks. Its use is effective in both primary and secondary skin cancer prevention. Furthermore, the earlier the conversion after an initial diagnosis of cutaneous SCC, the greater the efficacy.10


     Meta-analyses and randomized trials evaluating mTOR inhibitor use in secondary prevention of SCC showed a reduction in cumulative tumor load, suggesting that most benefit is gained by early conversion to an mTOR inhibitor–based maintenance regimen.11


     It is suggested that the protective effect of mTOR inhibitors against skin cancer is a result of its inhibition of several ultraviolet-induced mechanisms involved in skin carcinogenesis.


     Dermatology surveillance (guidelines drawn from evidence-based skin cancer surveillance program, United Kingdom)


     High risk (aged older than 55 years at transplant and light-skin color): annually for the first 2 years and then every 6 months thereafter


     Low risk (Asian or black): every 2 years


     Increased surveillance recommended after first cancer


     Authors’ center practice (see chapter 20)


  POSTTRANSPLANT LYMPHOPROLIFERATIVE DISORDER (PTLD)


     PTLD encompasses a wide spectrum of lymphoid proliferations ranging from reactive polyclonal lesions to frank malignant monoclonal lymphomas.


     The World Health Organization (WHO) histologic classification of PTLD can be divided into four subtypes based on morphology, clonality, and molecular criteria (for a detailed discussion, see chapter 9).


     Early lesions


     Polymorphic PTLD


     Monomorphic PTLD


     Classical Hodgkin lymphoma-type PTLD


     Most common type of posttransplantation malignancy in children


     Second or third most common posttransplantation malignancy in adults (follows only nonmelanoma skin cancers and KS)


     Incidence: varies with the type of organ transplanted12


     Kidney (1%-2%); liver (1%-4%); simultaneous kidney pancreas (2%-3%); heart, lung, and heart-lung transplants (2%-10%); small bowel and multivisceral transplantation (up to 33%)


     The high incidence of PTLD in intestinal and multiorgan transplants has been attributed to the use of more intensive immunosuppression and the amount of donor-derived lymphoid tissue transferred at organ transplantation.


     The majority of PTLD are non-Hodgkin lymphoma of B-cell origin and are CD20-positive.


     Although PTLD was originally thought to be uniformly linked to EBV infection, an increased incidence of EBV-negative PTLD has been reported. In some series, EBV-negative PTLD may occur in up to 30% to 50% of cases. EBV-associated PTLD appear to vary with PTLD subtypes (Table 15-2).


  
    TABLE 15-2  Incidence of Epstein-Barr Virus–Associated Posttransplant Lymphoproliferative Disorder by Posttransplant Lymphoproliferative Disorder Subtypes and Time of Onset After Transplant


    
      
        
          	
            PTLD subtypes

          

          	
            EBV association

          

          	
            Onset after transplant

          
        


        
          	
            Early lesions

          

          	
            Almost 100% EBV positive

          

          	
            Most early PTLD

          
        


        
          	
            Polymorphic PTLD

          

          	
            >90% EBV positive

          

          	
            Variable

          
        


        
          	
            Monomorphic PTLD

          

          	
            Both EBV positive and EBV negative

          

          	
            •   EBV positive: Most occur within the first 3 y after transplantation.


            •   EBV negative: late-occurring PTLD (>5 y after transplant)

          
        


        
          	
            Hodgkin lymphoma–like PTLD

          

          	
            >90%

          

          	
            

          
        

      
    


    Abbreviations: EBV, Epstein-Barr virus; PTLD, posttransplant lymphoproliferative disorder.

  


     EBV-positive versus EBV-negative PTLD13


     Pathogenesis


     Immunosuppression-related decrease in T-cell immune surveillance has been suggested to play a major contributory role in EBV-positive PTLD. In immunocompetent hosts, EBV-specific CD8+ effector and memory T cells are responsible for controlling EBV-infected B cells from uncontrolled proliferation and transformation.


     The pathogenesis of EBV-negative PTLD remains speculative. Proposed hypotheses include hit-and-run EBV infection (disappearance of EBV following an initial infection that leads to PTLD), viral infection other than EBV (eg, cytomegalovirus [CMV]), persistent antigen stimulation by the graft, and long-term immunosuppression.


     Molecular-genomic studies revealed that EBV-negative PTLD share many genomic and transcriptomic features with diffuse large B-cell lymphoma (DLBCL) in immunocompetent patients, whereas EBV-positive PTLD have fewer genomic abnormalities.


     Although the molecular genetic separation between EBV-positive and EBV-negative PTLD is well-defined, EBV status is not prognostic or predictive with respect to treatment response. In a subset of patients, reduction in immunosuppression alone is effective regardless of EBV status.


     EBV-positive PTLD is typically considered to result from EBV infection of recipient B cells but may be of donor origin.


     PTLD may also develop in donor organs (allograft PTLD).


     Generally occurs in the first 2 years after transplant


     Suggested pathogenic mechanisms: development of lymphoproliferations from donor passenger lymphocytes, chronic antigenic stimulation, EBV proliferation


     Mortality is greater with PTLD than with lymphomas in the general population.


     Risk factors12


     EBV donor–recipient mismatch (donor seropositive, recipient seronegative at transplant)


     EBV donor–recipient mismatch is the most well-established risk factor.


     There is an 8- to 15-fold increase in PTLD risk and up to 300-fold in the presence of multiple risk factors (such as children or recipients of intestinal transplant).


     Extreme of age (children and advanced age). The increased incidence of PTLD in children is attributed to their pretransplant EBV-naive status.


     Immunosuppression


     Induction with T cell-depleting antibodies or degree of T-cell immunosuppression. (Note, however, that studies showed no consistent association between PTLD and any individual immunosuppressive agent, suggesting that the overall degree of immunosuppression may play a more important role than any individual agent)


     Clinical trials showed an increase in the incidence of PTLD with central nervous system involvement among EBV-seronegative transplant recipients who received belatacept. Its use is contraindicated in recipients with pretransplant EBV-naive or unknown status.


     Higher degree of HLA mismatches and individual recipient HLA type (eg, recipient HLA-B38 has been shown to be associated with a 1.48-fold increased risk of DLBCL). In contrast, recipient HLA-B58 and HLA-DR13 have been reported to be associated with reduced DLBCL risk.14


     Other risks: white compared with African American race, male gender, pretransplant malignancy, infections with human herpes virus 8 (HHV-8) and simian virus 40, CMV seronegative status at transplant (conflicting data), CMV disease (conflicting data, may be a risk factor), recipient with monoclonal gammopathy of undetermined significance


     Clinical manifestation


     Time of occurrence after transplant


     PTLD occurs at a median of 18 months posttransplant.


     Most EBV-positive PTLD occur within the first 3 years after transplant.


     Bimodal distribution with time after transplant has been reported: The first peak occurs in the first year posttransplant and the second peak 5 to 15 years posttransplant.


     Registry studies and the United Network for Organ Sharing (UNOS)/Organ Procurement and Transplantation Network (OPTN) database demonstrated that EBV-negative PTLD generally presents later after transplant (>5 years) and has been suggested to account for the bimodal distribution pattern of PTLD occurrence, with early cases being predominantly EBV positive and late cases being EBV negative. A French registry study suggests that late-occurring PTLD (between 8 and 10 years) is less likely to be due to EBV lymphoproliferation and more likely to be a consequence of aging and duration of immunosuppression exposure.15


     An increasing number of very late cases occurring >20 years has been reported.


     Clinical presentation


     Clinical manifestation spectrum spans from incidental asymptomatic findings or constitutional symptoms (eg, fevers, night sweats, malaise, weight loss) to symptomatic organ involvement (see in the following text) and spontaneous tumor lysis.


     Localized signs and symptoms of the respiratory tract (eg, upper respiratory tract symptoms or symptoms mimicking infectious mononucleosis, pulmonary infiltrate or lung mass), gastrointestinal tract (eg, diarrhea, pain, perforation, bleeding, mass), or central nervous system (eg, headache, seizure, or confusion).


     Extranodal involvement is common, and multiple sites are often involved. Gastrointestinal tract involvement has been reported to occur in 20% to 30% of cases, solid graft organs in 10% to 15%, and the central nervous system in 5% to 20%.


     Others: symptoms related to allograft dysfunction or compression of surrounding structures


     Clinical presentation of PTLD based on the German multicenter pediatric PTLD registry16


     Early PTLD (<1 year) development was associated with younger age, extranodal disease, graft organ involvement, and was often of B-cell lymphoma histology and tended to be EBV positive.


     Burkitt lymphoma and Hodgkin disease were only observed in late PTLD (>1 year) and were more likely to be associated with nodal disease.


     Treatment


     Treatment strategies include immunosuppression reduction or discontinuation, surgical resection with or without local radiation for localized disease, rituximab, and chemotherapy. Adoptive immunotherapy using EBV-specific cytotoxic T cells has been reported to be effective in relapsed or refractory PTLD. However, such therapy requires specialized techniques and is not readily available (discussion is beyond the scope of this chapter). For PTLD involving the central nervous system, whole-brain radiation is a therapeutic option for those who cannot undergo chemotherapy due to specific contraindications.


     Reduction or discontinuation of immunosuppression


     Immunosuppression reduction to restore EBV-specific cellular immunity should be the first line of treatment.


     The antimetabolites azathioprine or mycophenolic acid derivatives are generally discontinued, although their use has not been consistently demonstrated to increase PTLD risk. A lower or no increased risk has been observed. Nonetheless, it is common practice to discontinue the antimetabolites because of the theoretical risk of net protumor effect of over immunosuppression.


     CNI dose reduction by 50% to 75% at the discretion of the clinician. Prednisone can be continued to prevent allograft rejection. For critically ill patients, those with monoclonal tumors, or those with extensive disease, immunosuppression should be drastically reduced or discontinued.


     Patients with polyclonality are most likely to respond to immunosuppression reduction.


     EBV-negative disease is less responsive to immunosuppression reduction alone than EBV-positive disease.


     Suggested factors predictive of a poor response to reduction in immunosuppression alone include12


     Elevated lactate dehydrogenase, organ dysfunction at diagnosis, multiple organ involvement, bulky disease (largest tumor deposit >7 cm in diameter), advanced stage (Ann Arbor stage III or IV), and older age (older than 50 years).


     Other poor prognostic factors include WHO performance status score of 3 or 4 (a score of 3 is defined as confined to bed or a chair for more than 50% of waking hours, and a score of 4 as completely disabled), late onset of disease (>1 year after transplant), central nervous system disease, severe organ dysfunction, acute kidney injury at diagnosis, and T-cell disease.


     Restaging should be performed 2 to 4 weeks after immunosuppression reduction.


     Failure to respond to immunosuppression reduction alone


     Rituximab, a chimeric monoclonal antibody targeting CD20 on the surface of B cells, is currently considered as standard therapy for CD20-positive PTLD that fails to respond to manipulation of immunosuppression alone (recommended dose: rituximab at 375 mg/m2 body surface area weekly for 4 weeks; extended treatment with four additional doses may increase complete response rate).


     Chemotherapy13,17


     Indicated in patients refractory to reduction in immunosuppression and/or rituximab, in those with aggressive disease at presentation, and in those not amenable to surgery


     Other indications: peripheral T-cell lymphoma, Hodgkin lymphoma, Burkitt lymphoma, primary central nervous system lymphoma, and other uncommon lymphoma. All CD20-positive subtypes should also receive rituximab.


     Cyclophosphamide, Hydroxydaunorubicin or doxorubicin, Oncovin or vincristine, Prednisone (CHOP)-based chemotherapy is the most widely used regimen. Currently, reduced immunosuppression and risk-stratified sequential treatment with rituximab followed by CHOP (R-CHOP) are considered standard of care for polymorphic and monomorphic DLBCL-like PTLD irrespective of EBV status (rituximab at 375 mg/m2 weekly for 4 weeks, followed by CHOP every 3 weeks with granulocyte-stimulating factor support).


     Antiviral therapy


     The use of acyclovir and ganciclovir are of unproven benefit because their activity is dependent on intracellular phosphorylation by virally coded thymidine kinase. EBV-driven lymphomas do not express thymidine kinase.18


     Although arginine butyrate (a thymidine kinase-inducing agent) and ganciclovir combination therapy appears to have a promising role in EBV-associated PTLD, clinical trials evaluating the safety and efficacy of such therapy have not been further developed.


     Some centers continue to use antiviral therapy based on limited studies suggesting that lytic viral DNA (not just latent viral DNA) is also present in established PTLD.


     mTOR inhibitors


     Although sirolimus has antiproliferative effects, there are insufficient data to recommend or refute its use in the treatment of PTLD. Although a direct antitumor effect cannot be excluded, it is speculated that the beneficial effect of conversion to sirolimus monotherapy (or sirolimus and prednisone dual therapy) may be due to a reduction in overall immunosuppression.


     EBV monitoring for preemptive therapy


     Rationale


     Transplant recipients with PTLD have a significantly higher viral load than those without PTLD.


     A higher or rapidly increasing viral load is associated with increased PTLD risk.


     Limitations


     Lack of standardized time points for monitoring, cutoff values, sources of samples


     Cell-free plasma EBV DNA has been suggested to be a better marker of EBV-positive disease than EBV from peripheral blood mononuclear cells.


     Preemptive strategies


     Preemptive strategies may include immunosuppression reduction, rituximab therapy, and/or adoptive transfer of EBV-specific T cells.


     Consensus has not yet been defined. Currently, preemptive therapy cannot be routinely recommended.


     Retransplantation after PTLD


     Re-allograft transplant candidates should be disease free for at least 1 to 2 years prior to retransplantation. Consultation with hematology/oncology is recommended.


     French cohort study (n = 52 patients who underwent 55 retransplantation after PTLD)19


     Of the 52 patients, 27 had EBV-positive PTLD and 13 EBV-negative PTLD. EBV status was unknown in 12.


     Median time between PTLD and the registration on the waiting list: 65 months (range, 6-186 months). One patient was relisted during the first year after PTLD, and three were relisted within the first 2 years.


     Median time from PTLD to retransplantation: 90 months (range, 28-224 months).


     Comparison of the subgroups of patients who were retransplanted or relisted for transplantation (n = 43) versus those who were not relisted (n = 43) showed that the former group was younger, had a PTLD that is more likely to be localized to the allograft, and had a lower likelihood to have a PTLD in the central nervous system (n = 1 vs 8, in the former and latter group, respectively).


     One patient underwent retransplantation 28 months after the diagnosis of PTLD and developed recurrent PTLD 18 months after retransplantation (recipient EBV seronegative, second graft donor EBV seropositive).


     PTLD treatment modalities are summarized in Table 15-3.


  
    TABLE 15-3  Posttransplant Lymphoproliferative Disorder Treatment Modalities


    
      
        
          	
            Treatment

          

          	
            Indications

          

          	
            Comments

          
        


        
          	
            Immunosuppression reduction

          

          	
            Mainstay of therapy in all PTLD subtypes

          

          	
            

          
        


        
          	
            Rituximab

          

          	
            First-line treatment for CD20-positive PTLD not responsive to IS reduction alone

          

          	
            

          
        


        
          	
            Chemotherapy

          

          	
            •    For those who fail to achieve complete remission despite IS reduction and rituximab therapy


            •    Currently, IS reduction and risk-stratified sequential treatment with rituximab followed by CHOP (R-CHOP) are considered standard of care for polymorphic and monomorphic diffuse large B-cell lymphoma.


            •    Other indications: aggressive disease at presentation, lesions not amenable to surgery among others (see text)

          

          	
            CHOP-based therapy is the most widely used regimen.


            Increased infectious risk. G-CSF use may decrease morbidity and mortality.

          
        


        
          	
            Surgery

          

          	
            •    For localized disease in conjunction with IS reduction


            •    Palliative care (symptomatic relief)

          

          	
            

          
        


        
          	
            Radiation therapy

          

          	
            •    For localized disease in conjunction with surgery and IS reduction


            •    Palliative care (symptomatic relief)

          

          	
            

          
        


        
          	
            Antiviral therapy

          

          	
            Acyclovir and ganciclovir are of unproven benefit because their activity is dependent on intracellular phosphorylation by virally coded thymidine kinase. EBV-driven lymphomas do not express thymidine kinase.

          

          	
            Some centers continue to use antiviral therapy based on limited studies suggesting that lytic viral DNA (not just latent viral DNA) is also present in established PTLD.

          
        


        
          	
            mTOR inhibitors

          

          	
            Insufficient data to recommend or refute its use in the treatment of PTLD

          

          	
            

          
        


        
          	
            Adoptive immunotherapy (adoptive transfer of EBV-specific cytotoxic T cells)

          

          	
            •    Relapse or refractory PTLD


            •    Preemptive therapy (see text)

          

          	
            EBV-positive PTLD only


            Expensive, not readily available, time-consuming

          
        


        
          	
            Retransplantation

          

          	
            Should be disease free for at least 1-2 y prior to retransplantation (see text); consultation with hematology/oncology recommended

          

          	
            

          
        

      
    


    Abbreviations: CHOP, cyclophosphamide, hydroxydaunorubicin or doxorubicin, Oncovin or vincristine, prednisone; EBV, Epstein-Barr virus; G-CSF, granuclocyte-colony stimulating factor; IS, immunosuppression; mTOR, mammalian target of rapamycin; PTLD, posttransplant lymphoproliferative disease; R-CHOP, rituximab followed by cyclophosphamide, hydroxydaunorubicin or doxorubicin, Oncovin or vincristine, prednisone.

  


  KAPOSI SARCOMA


     Incidence: 80 to 500 times more frequent in transplant recipients compared with the general population


     Clinical presentation


     Occurs early after transplantation with a mean time to development of KS after transplant of 13 months


     Similar to classic KS, cutaneous involvement affecting the distal lower extremity is common (angiomatous skin lesions with or without accompanying lymphedema). Visceral involvement occurs in 25% to 30% of patients. In one series, skin involvement was universal and visceral involvement occurred in 29.4% of patients. The sites of cutaneous involvement were lower extremities in 52.9%, upper extremity in 29.4%, and trunk in 23.5% of patients. Hard palate involvement occurred in 11.7% of patients.20


     Risk factors


     Intensity of immunosuppression


     Pretransplant HHV-8 seropositivity


     More commonly found in patients of Mediterranean, Jewish, Caribbean, Arabic, or African descent, in line with the geographic distribution of HHV-8 infection


     Male > female (male to female ratio of 3.3:1 in some series)


     Lung transplant versus kidney transplant recipients21


     Older age at transplant21


     Cutaneous squamous cell carcinoma21


     Calcineurin inhibitor–based immunosuppression (in some but not all studies)


     Treatment strategies


     Immunosuppression reduction


     CNI to mTOR inhibitor conversion therapy


     For those who fail immunosuppression reduction and/or CNI to mTOR inhibitor switch, further treatment algorithm generally follows that of classic KS.


  RENAL CELL CARCINOMA


     Occurs mainly in native kidneys and is associated with acquired cystic kidney disease and dialysis vintage


     A bimodal distribution is observed with the highest incidence occurring in the first year and a second peak 4 to 15 years after transplant.22


     Renal cell carcinoma (RCC) occurring early after transplant is thought to reflect undetected or malignant transformation of preexisting cysts that developed during the course of end-stage kidney disease.


     RCC is thought to be the most sensitive tumor to mTOR inhibitor.


     Suggested screening algorithm for acquired cystic kidney disease and renal neoplasms in kidney is discussed in chapter 6.


  COLORECTAL CANCER


     Although the incidence of colorectal cancer has not been consistently demonstrated to be increased in kidney transplant recipients compared with that of the general population, studies suggest that colon cancer exhibits a more aggressive course and is associated with higher mortality rates in the transplant setting.


     Survival rates based on the Israel Penn International Transplant Tumor Registry and National Cancer Institute Surveillance Epidemiology and End Results database23


     5-year overall survival rates for transplant recipients versus general population: 44% versus 62%, respectively


     5-year survival by cancer stages


     Transplant recipients versus general population


     Dukes A and B, 74% versus 90%, respectively


     Dukes C, 20% versus 66%, respectively


     Dukes D, 0% versus 9%, respectively


     Potential factors contributing to worse overall survival in the transplant population: Routine risks such as infections, cardiovascular disease, and chronic kidney disease may adversely impact morbidity and mortality following any surgical or medical cancer therapy.


     Treatment modalities


     Treatment modalities for colorectal cancer in kidney transplant recipients are similar to that in the nontransplant settings and include surgery and chemotherapy.


     Immunosuppressant drug target levels are usually lowered, although its impact on cancer recurrence prevention remains to be proven.


     Similar to skin cancers, limited studies suggest that the mTOR signaling pathway plays a contributory role in the development of colon cancer.24 Whether mTOR inhibitor is beneficial in transplant recipients with colon cancer remains to be studied.


     Although the role of immunosuppression and its associated side effects in the pathogenesis and prognosis of colorectal cancer remain to be defined, colon cancer screening may improve long-term survival among organ transplant recipients. Suggested screening strategies are discussed in chapters 4 and 20.


  GENERAL MANAGEMENT OF IMMUNOSUPPRESSION


     In principle, immunosuppression dose reduction improves immune surveillance against malignant cells. However, there are no systematic studies to demonstrate whether immunosuppression reduction or withdrawal alters the natural history of established posttransplantation malignancy. In patients with metastatic cancer, manipulation of immunosuppression is probably futile, and the risk of rejection and graft loss likely outweigh the benefit.


     Authors’ center: It is our current practice to start patients with newly diagnosed skin cancer or RCC (or those with a history of skin cancer or RCC) on sirolimus or everolimus in conjunction with discontinuation of antimetabolites (such as azathioprine or mycophenolic acid derivatives) and reduction or discontinuation of CNI therapy tailored to each individual patient. With the exception of skin cancers, KS, and RCC, currently available data do not support the routine use of mTOR inhibitors in the management of other cancer types. Nonetheless, unless contraindicated, it is common practice to initiate mTOR inhibitor therapy in transplant recipients with other types of malignancies. The side effect profile of mTOR inhibitors is discussed in chapter 2.
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  KIDNEY ALLOCATION IN DUAL ORGAN TRANSPLANTATION


     Allocation of the kidney for candidates needing dual organ transplantation is determined by allocation of the primary organ (ie, liver in liver-kidney transplantation, pancreas in pancreas-kidney transplantation, and heart in heart-kidney transplantation). As a result, the wait time for a deceased donor kidney in dual organ transplantation is considerably less than for kidney alone transplantation.


  SIMULTANEOUS LIVER-KIDNEY TRANSPLANTATION


     Assessment of renal function in patients with cirrhosis


     Serum creatinine or creatinine-based equations overestimate true glomerular filtration rate (GFR).


     Cystatin C (CystC) has been extensively studied as an alternative endogenous marker of kidney function in cirrhotic patients because it is independent of muscle mass.


     Limited studies suggest that CystC-based determinations had a better performance than serum creatinine-based equations.


     Of the GFR estimation equations examined (Chronic Kidney Disease Epidemiology Collaboration [CKD-EPI]-creatinine, CKD-EPI-CystC, and CKD-EPI-creatinine-CystC, and the 4- and 6-variable Modification of Diet In Renal Disease [MDRD], and Hoek formulas), CKD-EPI-CystC equation was shown to have the best performance irrespective of the severity of ascites and level of kidney dysfunction.1


     CystC-based equations may enable clinicians to more accurately assess renal function in liver transplant candidates. However, it should be noted that


     The superior performance of CystC over creatinine in cirrhotic patients with a GFR <80 mL/min has not been consistently demonstrated.2


     CystC levels may be increased in high cell turnover states (such as hyperthyroidism, steroid use, malignancy, advanced age, gender and ethnicity, fat mass, and diabetes, among others).3


     CystC is not yet readily available in many centers.


     Renal clearance of inulin or radioisotopes such as technetium-99m mercaptoacetyltriglycine (99mTcMAG3) remains the gold standard for evaluating renal function in cirrhotic patients. However, it is seldom performed in clinical practice because it is cumbersome and costly.


     Evaluation for simultaneous liver and kidney transplantation


     Simultaneous liver and kidney transplantation (SLKT) is a well-established therapeutic option for suitable candidates with both end-stage kidney disease (ESKD) and end-stage liver disease.


     In liver transplant candidates with acute kidney injury (AKI) superimposed on chronic kidney disease (CKD) or in those with sustained severe AKI due to hepatorenal syndrome or acute tubular necrosis (particularly those requiring renal replacement therapy), it is often difficult to predict the degree of renal function recovery after a successful orthotopic liver transplant. Therefore, assessing whether such patients would benefit from SLKT at the time of the liver transplant can be challenging.3,4


     Historically, no well-defined guidelines for dual organ listing exist. Hence, the decision to list liver candidates with concurrent CKD or sustained AKI for simultaneous liver-kidney versus liver alone transplant was made at the discretion of the transplant physicians.3,4


     In August 2017, the United Network for Organ Sharing/Organ Procurement Transplantation Network (UNOS/OPTN) committees set forth well-defined criteria for SLKT listing.5 Patients are categorized into those with CKD, AKI, or metabolic disease (summarized in Table 16-1 and briefly discussed in the following text).


     Patients are eligible for SLKT listing if they fall into one of the following three categories5:


  1.   Preexisting CKD defined as a measured or calculated creatinine clearance (CrCl) or GFR of ≤60 mL/min for greater than 90 consecutive days prior to listing and at least one of the following: (1) Candidate has initiated chronic dialysis as an ESKD patient, (2) Most recent measured or calculated CrCl or GFR ≤30 mL/min, (3) On a date after registration on the kidney waiting list, measured or calculated CrCl or GFR ≤30 mL/min


  2.   Sustained AKI defined as AKI present for at least 6 consecutive weeks (must be documented at least once every 7 days) and at least one of the following at the time of evaluation: (1) GFR of ≤25 mL/min, (2) AKI requiring acute dialysis, or (3) a combination of 1 and 2.


  3.   Confirmed diagnosis of metabolic disease and at least one of the following diagnoses: hyperoxaluria, atypical hemolytic uremic syndrome (HUS) from mutations in factor H or factor I, familial nonneuropathic systemic amyloid, methylmalonic aciduria


     Avoidance of organ transplant futility: Wait-listed SLKT candidates whose condition deteriorates while awaiting dual organ transplant should be reassessed at regular intervals to avoid futile transplants.6


  
    TABLE 16-1  The 2018 United Network for Organ Sharing/Organ Procurement Transplantation Network Eligibility Criteria for Simultaneous Liver-Kidney Transplantation (SLKT)


    
      
        
          	
            OLT candidates with CKD

          

          	
            OLT candidates with sustained AKI

          

          	
            OLT candidates with metabolic disease

          
        


        
          	
            Preexisting CKD defined as measured or calculated CrCl or GFR ≤60 mL/min for greater than 90 consecutive days prior to listing

          

          	
            Sustained AKI defined as AKI present for at least 6 consecutive weeks (must be documented in patient’s medical records every 7 d)

          

          	
             

          
        


        
          	
            SLKT eligibility

          

          	
            SLKT eligibility

          

          	
            SLKT eligibility

          
        


        
          	
            CKD defined above and at least one of the following criteria must be present:


            1.  Patient has begun regular dialysis as an end-stage kidney disease patient.


            2.  Most recent measured or calculated CrCl or GFR ≤30 mL/min


            3.  On a date after registration on the kidney waiting list, measured or calculated CrCl or GFR ≤30 mL/min

          

          	
            Sustained AKI defined above and at least one of the following criteria must be present:


            1.  AKI requiring acute dialysis or


            2.  Measured or calculated CrCl or GFR ≤25 mL/min or


            3.  Any combination of no. 1 and 2

          

          	
            At least one of the following diagnoses must be present:


            1.  Hyperoxaluria


            2.  Atypical hemolytic uremic syndrome (aHUS) from mutations in factor H and possibly factor I


            3.  Familial nonneuropathic systematic amyloid


            4.  Methylmalonic aciduria

          
        

      
    


    Abbreviations: AKI, acute kidney injury; SLKT, simultaneous liver kidney transplant; CrCl, creatinine clearance; CKD, chronic kidney disease; GFR, glomerular filtration rate; OLT, orthotopic liver transplant.

  


     Safety net prioritization for liver recipients with nonrecovery of renal function7:


     Recipients of liver alone transplant whose renal function does not recover (GFR remains ≤20 mL/min or dialysis dependent) between 60 and 365 days after a successful liver transplant are given a degree of “increased priority” in being offered a deceased donor kidney.


     The transplant program must register the patient for a kidney transplant between 60 and 365 days after a liver transplant.


     To remain eligible, the transplant program must confirm at least once every 30 days that the eligibility criteria continues to be met. Once the transplant program has confirmed eligibility over a duration of 90 days, the candidate will remain eligible for this priority until the candidate is removed from the kidney waiting list and the transplant program will no longer need to provide updated data.


     The implementation of the safety net may relieve the clinicians’ pressure to perform SLKT when a liver alone transplant may suffice.


     Note: Safety net eligible patients will be prioritized above the local adult wait-listed patients for donor kidneys with KDPI >20% (defined in chapter 6). However, highly sensitized kidney alone transplant candidates, zero HLA-ABDR mismatches, prior living donors, and pediatric kidney alone transplant candidates are still given priority over these patients (Table 16-2).


  
    TABLE 16-2  Safety Net Prioritization for Liver Recipients With Nonrecovery of Renal Function


    
      
        
          	
            Sequence A
KDPI ≤20%

          

          	
            Sequence B
>20% KDPI <35%

          

          	
            Sequence C
≥35% KDPI <85%

          

          	
            Sequence D
KDPI >85%

          
        


        
          	
            Safety net prioritization not applicable

          

          	
            cPRA 100/99/98


            Zero-ABDR mismatch


            Prior living organ donor


            Local pediatrics


            Local SLK safety net


            Local adults, followed by regional pediatrics, regional adults, national pediatrics, national adults (in order of priority)

          

          	
            cPRA 100/99/98


            Zero-ABDR mismatch


            Prior living organ donor


            Local SLK safety net


            Local candidates


            Regional candidates


            National candidates

          

          	
            cPRA 100/99/98


            Zero-ABDR mismatch


            Local SLK safety net


            Local + Regional


            National candidates

          
        

      
    


    Factors used to determine organ allocation within each sequence are listed in order of priority (discussed in chapter 6). Abbreviations: KDPI, Kidney Donor Profile Index; cPRA, calculated panel reactive antibody; SLK, simultaneous liver kidney.

  


     Kidney after liver transplantation


     Kidney after liver transplantation may be performed in suitable candidates who develop ESKD after liver transplantation.


     Primary nonfunction of the kidney allograft in SLKT transplant recipients (defined as GFR ≤20 mL/min or on dialysis):


     SLKT recipients with a primary nonfunctioning kidney allograft can be relisted between 60 and 365 days from the date of SLKT with “increased priority” to receive a repeat deceased donor kidney.


     To remain eligible for priority allocation of a repeat kidney transplant, follow safety net steps discussed earlier.


     Immunologic protection of kidney allografts by liver allografts


     Liver transplantation may confer an immunologic protection to concomitantly transplanted organs from the same donor. Such immunoprotective effect may allow successful SLKT despite a positive crossmatch (discussion is beyond the scope of this chapter).


     Potential mechanisms by which liver allografts might confer immunologic protection on kidney allografts3,7-10


     Development of anti-idiotypic antibodies to major histocompatibility complex (MHC) class I and II antibodies


     Absorption of recipient lymphocytotoxic antibodies onto reticuloendothelial cells of the engrafted liver


     Binding of soluble MHC class I molecule (produced by the liver) to T-cell CD8 receptors, leading to alloreactive T-cell apoptosis


     Depletion of circulating donor-specific antibodies (DSA) by direct binding of DSA to human leukocyte antigen (HLA) glycoproteins on the engrafted hepatic endothelial cells


     Development of hematopoietic chimerism after liver transplantation. Such microchimerism, if maintained, could promote immunologic tolerance and allograft acceptance through inhibition of cell- and antibody-mediated allograft injury.


     Liver transplantation has been shown to induce a substantial systemic release of the immunosuppressive cytokine interleukin (IL)-10. High levels of these cytokines have been suggested to inhibit T cell and natural killer cell-mediated rejection processes toward the transplanted liver and concurrently transplanted kidney.


     Transplant consideration for liver transplant candidates with CKD or AKI is summarized in Figure 16-1.


  
    

    Figure 16-1  Transplant Consideration for Liver Transplant Candidates With Chronic Kidney Disease or Acute Kidney Injury
aParticularly in high medical acuity transplant candidates. bSafety Net may relieve the clinicians’ pressure to perform simultaneous liver kidney transplantation (SLKT) when a liver alone transplant may suffice. cHighly sensitized kidney alone transplant candidates and pediatric kidney alone transplant candidates are still given priority over these patients. AKI, acute kidney injury; CKD, chronic kidney disease.
  

  TRANSPLANT OPTIONS FOR TYPE I DIABETICS WITH DIABETIC END-STAGE KIDNEY DISEASE


     Pancreas transplantation restores glucose-regulated endogenous insulin secretion as demonstrated by normalization of hemoglobin A1c (HbA1c), improves quality of life, and may prevent or halt the progression of secondary complications.


     The number of pancreas transplants performed in the United States stabilized over the past 3 to 4 years after nearly a decade of steady decline. Improvement in glycemic control with the use of newer and more physiologic insulin preparations and regimen and low tolerance for complications (pancreas transplantation is considered an elective quality-of-life procedure) have been suggested to lead to the observed decline in pancreas transplantation rates. The epidemic of obesity in the United States may have also contributed to the decline by a decrease in suitable donor pancreata.


     Kidney and pancreas transplant options for patients with type 1 diabetes11


     Simultaneous pancreas-kidney (SPK) transplantation


     Pancreas transplantation performed simultaneously with kidney transplantation from the same deceased donor (most common surgical procedures done)


     Advantage: one surgical intervention and one source of foreign HLA


     Among pancreas recipients, those with an SPK transplantation were found to have the best pancreas graft survival rates.


     Pancreas after kidney (PAK) transplantation


     Pancreas transplantation performed after successful kidney transplantation from a living or deceased kidney donor


     Advantage: important option for patients with a living donor kidney


     Disadvantage: Intensification of immunosuppression (particularly in the early postoperative period) after pancreas transplantation can adversely impact kidney allograft function due to calcineurin inhibitor toxicity.


     Must have adequate baseline renal function to undergo PAK


     Pancreas transplantation alone (PTA)


     Least common surgical procedure performed


     Therapeutic option for diabetic patients with good native kidney function who have brittle diabetes particularly those with hypoglycemic unawareness


     Survival benefit of patients undergoing PTA compared to those not having been transplanted remains controversial.


     Main risks: surgical procedure and long-term effects of immunosuppression


     Selected ESKD patients with insulin-dependent type 2 diabetics (ie, body mass index <30 kg/m2, minimal insulin resistance, and worsening glycemic control) may be appropriate candidates for SPK.12


     Special considerations


     Surgical evaluation by a pancreas transplant surgeon is an integral part of the transplant evaluation process.


     Special attention should be paid to the presence of covert coronary artery disease, peripheral vascular disease, and cerebrovascular disease (cardiac evaluation is discussed in chapter 4).


     Pancreatic allograft thrombosis is one of the greatest risks and is heralded by a sudden rise in serum glucose, underscoring the need for early postoperative monitoring of glucose. Some centers advocate posttransplant anticoagulation. At the authors’ center, aspirin is started the day of transplant and continues for the lifetime of the pancreas allograft. If there is no evidence of perioperative bleeding, dipyridamole is added and continues for 2 weeks.


     Because the procedure involves both enteric and vascular anastomosis to be performed, appropriate antibacterial and antifungal prophylaxis is encouraged.


     Surgical techniques in simultaneous kidney-pancreas transplantation


     The kidney is generally conventionally placed in the recipient’s left iliac fossa.


     Because of the planned intestinal anastomosis, left iliac fossa transplantation is prohibited by the presence of the sigmoid colon mesentery.


     The surgical techniques of pancreas transplantation involve exocrine and endocrine drainage of the pancreatic allograft.


     Exocrine secretions of the pancreas allograft can be drained into the bladder or small intestine.


     Enteric drainage is physiologic because graft pancreatic exocrine enzymes and bicarbonate are delivered to the intestines for reabsorption.


     Bladder diversion of exocrine secretions may result in fluid, electrolytes, and acid-base disturbances along with urinary tract infections, dysuria, and dehydration that can be difficult for patients to manage.13


     Endocrine secretions can be drained into the portal or systemic venous system.


     Systemic venous drainage may lead to peripheral hyperinsulinemia and peripheral insulin resistance as insulin bypasses the hepatic first-pass effect.13


     Currently, the most commonly used techniques are enteric drainage of exocrine secretions and systemic drainage of the endocrine system (Figure 16-2).


  
    

    Figure 16-2  Systemic Venous and Enteric Drainage of Pancreatic Endocrine and Exocrine Secretions With Kidney Allograft Placed in the Recipient’s Left Iliac Fossa
IVC, inferior vena cava.
  

  SIMULTANEOUS HEART-KIDNEY TRANSPLANTATION


     Assessment of renal function in patients with acute heart failure (AHF): serum creatinine versus serum CystC (based on limited clinical studies)14,15


     CystC is a useful marker of early AKI (within 48 hours) in patients hospitalized for AHF.


     CystC reflects actual GFR better than serum creatinine.


     Serum creatinine: advantages: easy, cheap; disadvantages: dependent on several variables, exponential relation with GFR, GFR overestimation


     Serum CystC: unbiased, very reliable; disadvantages: difficulty of interpretation (no reference method)


     AKI or CKD or both is commonly seen in patients awaiting heart transplantation because of “cardiorenal syndrome” as well as the common presence of overlapping risk factors for CKD and heart disease.


     Simultaneous heart and kidney transplantation is a viable therapeutic option for suitable heart transplant candidates with ESKD.


     Special considerations for simultaneous heart and kidney transplantation


     Evidence-based recommendations for orthotopic heart transplantation (OHT) alone versus simultaneous heart-kidney transplantation in suitable heart transplant candidates with sustained moderately severe to severe AKI or in those with AKI superimposed on CKD are lacking.


     Knowing the cause and duration of kidney failure, the level of GFR, the presence (or absence thereof) of kidney damage (via kidney biopsy findings, renal imaging studies, or laboratory markers such as albuminuria) may be invaluable in assessing the risk for irreversible renal dysfunction or progressive chronic kidney disease, hence the need for dual organ transplantation versus OHT alone.16


     Irreversible renal dysfunction with an eGFR of <30 mL/min/1.73 m2 is a relative contraindication to OHT alone due to the concern for superimposed nephrotoxicity associated with long-term calcineurin inhibitor therapy (center dependent).17 An early retrospective study of more than 600 orthotopic heart transplants performed at the authors’ institution (between 1994 and 2001) revealed that the need for postoperative dialysis significantly increased mortality regardless of preoperative creatinine clearance. Early mortality defined as death before hospital discharge occurred in 41% of patients who required renal replacement therapy compared with 3% for those not requiring such intervention.18


     Kidney transplantation after OHT may be performed in suitable candidates who develop ESKD after heart transplantation.
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  NUTRITION: GENERAL OVERVIEW


     Nutrition plays an important role in the management of patient outcomes during all stages of chronic kidney disease (CKD) as well as throughout the transplant process.


     Nutrition needs vary across three phases of transplantation: pretransplant, acute posttransplant, and long-term/maintenance posttransplant.


     Ongoing reassessment of nutrition status is essential for identifying nutrition goals and their efficacy as well as prioritizing nutrition needs during each phase of transplantation.


     Nutrition intervention has been useful in attenuating consequences of comorbid conditions and medication side effects and may contribute to improved kidney transplant outcomes.


     The U.S. Department of Health and Human Services (DHHS) and Centers for Medicare & Medicaid Services (CMS) mandate that a transplant center provides nutrition assessments and diet counseling services furnished by a qualified dietitian to all transplant patients and living donors (Electronic Code of Federal Regulation §482.94[e]).


  PRETRANSPLANT


  Nutrition assessment pretransplant


     Comorbidities associated with CKD and dialysis, particularly coronary heart disease, metabolic bone disease, and malnutrition, may affect transplant candidacy.1


     Nutrition intervention and optimization of nutrition status should be addressed as part of the evaluation process prior to transplantation.


     The goal of pretransplant nutrition management is to optimize nutrition status to achieve or maintain appropriate calorie and protein intake to attenuate the catabolic effects and metabolic abnormalities associated with CKD in order to optimize long-term success of the transplant.


     Nutrition assessment of the pretransplant candidate should address areas of nutrition risk including malnutrition, obesity, bone disease, metabolic parameters, and gastrointestinal (GI) issues (see Table 17-1 for components considered in nutrition assessment).2,3


  
    TABLE 17-1  Components of Nutrition Assessment for Transplant Candidates


    
      
        
          	
            Medical and nutrition history

          

          	
            •    Comorbid conditions, gastrointestinal issues


            •    Weight history


            •    Medications/supplements


            •    Diet history/nutrition intake and adequacy


            •    Food allergies and dietary intolerances


            •    Functional status

          
        


        
          	
            Anthropometrics and physical assessment

          

          	
            •    Height, body weight, body mass index, body frame/size


            •    Weight changes


            •    Waist circumference, waist-to-hip ratio


            •    Fat/weight distribution


            •    Triceps skinfold


            •    Evidence of muscle wasting and micronutrient deficiencies


            •    Hand-grip strength assessment

          
        


        
          	
            Biochemical parameters

          

          	
            •    Albumin, prealbumin


            •    Inflammatory markers (C-reactive protein, interleukin 1 and 6, tumor necrosis factor α)


            •    Basic metabolic panel, complete blood count


            •    Hemoglobin A1c


            •    Iron studies (ferritin, transferrin saturation)


            •    Parathyroid hormone, 25-hydroxy vitamin D, calcium, and phosphorus levels


            •    Lipid profile


            •    Urine protein/creatinine ratio and/or 24-h urine protein quantification

          
        

      
    

  


     Individuals requiring dialysis and those with stages 4 to 5 CKD bring a wide-ranging history of nutrition management—from no knowledge of appropriate nutrition modification to many years of medical nutrition therapy/intervention provided by an advanced practice renal dietitian.


  Nutrition-related evaluation/waitlist concerns


  Obesity


     Obesity has been identified as a risk factor for a number of chronic health conditions including cardiovascular disease (CVD), diabetes, hypertension, and kidney disease.4


     Defining obesity


     Obesity is defined as body weight/fat that is above what is considered healthy for a given height or excess adiposity.


     Body mass index (BMI) is typically used as a screening tool to identify obesity but is not diagnostic (Table 17-2).


  
    TABLE 17-2  Centers for Disease Control and Prevention Body Mass Index Classification


    
      
        
          	
            Body mass index (kg/m2)

          

          	
            Classification

          
        


        
          	
            <18.5

          

          	
            Underweight

          
        


        
          	
            18.5–<25

          

          	
            Normal

          
        


        
          	
            25–<30

          

          	
            Overweight

          
        


        
          	
            30–<35

          

          	
            Class 1 obesity

          
        


        
          	
            35–<40

          

          	
            Class 2 obesity

          
        


        
          	
            40 or higher

          

          	
            Class 3 obesity

          
        

      
    

  


     Limitations of using BMI to define obesity


     BMI does not allow for variations in body habitus, specifically fat distribution and musculature.


     The inability to distinguish lean body mass from fat mass may lead to misclassification. Therefore, other factors including weight distribution, physical fitness, and cardiac risk factors should also be considered.


     Prevalence of obesity has increased in the dialysis population (the majority of those being evaluated for kidney transplant) in step with the general population.


     Clinical impact of obesity on outcomes


     The “obesity paradox” refers to the counterintuitive finding that there is a survival benefit with increasing BMI in dialysis patients.


     Although it has been thought that higher levels of obesity are associated with worse posttransplant outcomes, comparing the survival benefit of obese individuals on dialysis to obese kidney transplant recipients, the benefit favoring transplantation over dialysis is similar to the benefit seen with the nonobese population.5,6


     However, obesity is correlated with posttransplant risk factors, including wound infection/dehiscence, incisional hernia, increase operation duration, new onset diabetes, increased length of hospital stay, delayed graft function (DGF), and hypertension.6,7 Therefore, transplant candidates with obesity should be fully informed of these risks and should be counseled on lifestyle, diet modifications, and consideration for bariatric surgery for weight management.


     BMI threshold for transplantation


     In general, there is no specific BMI threshold for transplantation. However, BMI threshold may be set by each transplant program.


     Transplant eligibility for those with BMI >40 kg/m2 may be individually considered.


     Note: Bariatric surgery has been deemed safe in the dialysis population and may be reasonable alternative for some individuals in preparation for transplantation.8,9 Care should be taken in choosing a surgical procedure because changes to the gut anatomy may result in malabsorption and alter pharmacokinetics (also discussed in chapter 4). Posttransplant immunosuppression levels will require close monitoring.


  Malnutrition


     Optimizing nutrition and functional status should be addressed when preparing patients for transplantation.


     Diagnostic indicators of malnutrition


     Although albumin levels may be used as a prognostic indicator for morbidity and mortality in the chronic dialysis population, it may be an unreliable marker for malnutrition because albumin levels are sensitive to acute and chronic physiologic responses to disease and injury.


     It has been proposed that a combination of several clinical, nutrition, and biochemical parameters (eg, laboratory values, body mass, muscle mass, dietary intake, nutritional scoring systems) be considered when specifically identifying protein-energy wasting in CKD or dialysis patients.2,10


     In 2012, the Academy of Nutrition and Dietetics (AND) and the American Society of Parenteral and Enteral Nutrition (ASPEN) established four clinical characteristics (energy intake, weight loss, physical findings, and functional status) to assess for identification and documentation of adult malnutrition.11


     Functional status measured by grip strength is one of the criteria/characteristics considered by AND/ASPEN in the diagnosis of malnutrition. Poor functional status or “frailty,” although grouped with the International Classification of Diseases, 10th revision (ICD10) code R54 as “age-related physical disability,” may be seen in individuals of any age and is a risk factor for poor kidney transplant outcomes.12


     Clinical impact of malnutrition and poor functional status on outcomes


     Pretransplant malnutrition has been identified as a factor associated with adverse kidney transplant outcomes.13


     Extreme levels of BMI (both underweight and morbid obesity) have been observed to negatively affect transplant outcomes. Increased mortality and death-censored graft loss have been associated with underweight individuals (BMI <18.5 kg/m2).14


     Increased length of hospital stay, early hospital readmissions following transplantation, DGF, and mortality have been associated with patients who experience reduced physical ability, decreased muscle mass, weakness, and weight loss pretransplant.15


     Special considerations


     Any condition that interferes with ingesting and absorbing adequate nutrition such as gastroparesis or malabsorption should be fully investigated because this could interfere with achieving adequate levels of immunosuppression posttransplant.


  Metabolic Bone Disease


     Pretransplant bone disease associated with CKD (eg, renal osteodystrophy, adynamic bone, or mix-bone disease) may exacerbate the risk for posttransplant bone disease (PTBD) and fracture associated with prednisone and calcineurin inhibitor use.


     CKD-associated bone mineral disorders should be managed well in the pretransplant period to preserve both bone and cardiovascular health to optimize transplant outcomes.


     The 2017 updated Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines recommend restricting dietary phosphorus to maintain appropriate serum phosphorous levels.16,17


     Achieving this level of restriction may be difficult, especially for dialysis patients with higher protein needs, because higher protein foods tend to also contain higher levels of phosphorus. Bioavailability of phosphorous sources should be considered.


     Referral to renal nutrition specialist/dietitian is recommended.


  Adherence


     Assessing patient’s adherence to dietary modifications, compliance with phosphate binders with meals and interdialytic fluid restrictions, and complete dialysis treatments may help anticipate the likelihood of success posttransplant.


     Reviewing trends in the patient’s nephrology or dialysis records (eg, laboratory data, blood pressure records, interdialytic weight gains) and hospital admissions may provide valuable information regarding adherence.


     Adherence to medical regimens pretransplant may predict adherence in the posttransplant setting.


  POSTTRANSPLANT


  Early concerns (first 6-8 weeks posttransplant period)


     Nutrition goals during the early posttransplant phase


     Maintain protein balance and desirable body weight.


     Mitigate nonimmunologic adverse effects of immunosuppressive medications.


  Nutrient needs


  Macronutrients


     Nutrient requirements are increased during the immediate posttransplant period due to surgical stresses, medication side effects, and wound healing. Fluid, electrolytes, and micronutrients may require modification based on graft function and laboratory values (Table 17-3).2,3


  
    TABLE 17-3  Daily Nutrient Requirements/Recommendations Posttransplant


    
      
        
          	
            Nutrient

          

          	
            Early period (≤6-8 wk)

          

          	
            Long term

          
        


        
          	
            Calories

          

          	
            30-35 kcal/kg body weight or 1.3-.15 × BEE

          

          	
            Goal to attain/maintain desirable body weight

          
        


        
          	
            Protein

          

          	
            1.3-2 g/kg body weight

          

          	
            0.8-1 g/kg body weight (Limit to 0.6-0.9 g/kg with chronic graft dysfunction.)

          
        


        
          	
            Carbohydrate

          

          	
            50%-60% of total calories

          

          	
            Complex carbohydrate sources and limit simple sugars for good glycemic control

          
        


        
          	
            Fat

          

          	
            25%-35% total calories

          

          	
            <35% total kcal/limit saturated and trans fats

          
        


        
          	
            Fluid

          

          	
            Individualize based on allograft function


            For delayed graft function, ~500-750 mL + urine output

          

          	
            Goal to maintain adequate hydration

          
        


        
          	
            Sodium

          

          	
            Individualize; typically 2-4 g/d

          

          	
            Individualize; if hypertensive, limit to 2 g/d.

          
        


        
          	
            Potassium

          

          	
            Individualize; typically 2-4 g/d

          

          	
            Individualize; if hyperkalemic, limit to 2-4 g/d.

          
        


        
          	
            Phosphorus

          

          	
            Individualize based on graft function; often may need to supplement

          

          	
            Individualize based on graft function; may need to limit/supplement

          
        


        
          	
            Calcium

          

          	
            1,200-1,500 mg/d

          

          	
            800-1,500 mg/d

          
        


        
          	
            Magnesium

          

          	
            Oral supplements for <1.5 mg/dL


            Intravenous supplementation for <1.2 mg/dL

          

          	
            Supplement as needed

          
        


        
          	
            Iron

          

          	
            Recommended intravenous supplementation


            % saturation <30% and ferritin <500 mg/dL

          

          	
            Supplement as needed

          
        

      
    


    Abbreviation: BEE, basal energy expenditure using Harris-Benedict equation.

  


     Clinical judgment and expertise of the nutrition care specialist is needed when assessing nutrition needs of the individual patient.


     Nutrient needs are generally calculated using the patient’s actual dry body weight.


     Protein


     There is an increase in protein catabolic rate (PCR) related to postoperative stress and the typically large doses of corticosteroids administered perioperatively. The rise in PCR generally lasts through postoperative week 3 and may be seen again during treatment periods for rejection.


     Recommendations for initial protein intake: 1.3 to 2.0 g/kg body weight


     Calories


     Energy requirements during the early period posttransplant may be calculated using 30 to 35 kcal/kg body weight or 1.3 to 1.5 times basal energy expenditure (BEE) using the Harris-Benedict equation.


     The lower end of the calorie range is targeted for obese patients, whereas underweight patients require higher calories at the upper end of the range.


     Carbohydrate


     Posttransplant glucose intolerance/diabetes may be related to immunosuppression, surgical stress, obesity, age, infection, and/or family history.


     Recommendations for carbohydrate intake: Limit dietary ingestion of simple carbohydrates, with the majority of carbohydrates from complex sources comprising 50% to 60% of total calories.


     Carbohydrate-controlled diet education by a registered dietitian in addition to medical management is recommended for patients with continued hyperglycemia.


     Patients who require dietary modification or oral hypoglycemic agents to manage their diabetes pretransplant will likely require insulin posttransplant.


     Fat


     The role of fat in the early postoperative period is to aid in providing the remainder of calories needed that are not provided by protein and carbohydrate, targeting approximately 25% to 35% of calorie intake from fat per the National Heart, Lung, and Blood Institute Lifestyle Interventions to Reduce Cardiovascular Risk and Managing Blood Cholesterol in Adults 2013 guidelines.


     Fluid


     Fluid needs vary postoperatively based on kidney allograft function.


     Fluid administration should match increasing urine output to avoid net negative fluid balance and hypotension.


     In recipients who have reached a euvolemic state postsurgery, a fluid intake of approximately 2,000 mL is generally adequate.


     In recipients with DGF, a modification would be indicated (eg, volume of urine output plus an additional 500 to 750 mL to account for insensible losses).


  Micronutrients


     Sodium


     In general, normotensive kidney transplant recipients’ sodium intake should be moderate and not to exceed 3 to 4 g/d, as part of a heart healthy lifestyle.


     For individuals experiencing DGF, volume overload, or hypertension, limiting sodium intake to 2 g/d is reasonable.


     An increase in sodium intake may be recommended for hypotensive patients.


     Potassium (also discussed in chapter 10)


     Hyperkalemia is frequently seen posttransplant. Contributing factors may include decreased potassium excretion associated with impaired graft function; acidosis; or the use of calcineurin inhibitors, renin-angiotensin-aldosterone system inhibitors, potassium-sparing diuretics, or potassium-containing phosphorus supplements.


     Hypokalemia is not as common. Increased postsurgical diuresis following a successful living transplant, the use of potassium wasting diuretics, and/or previously unrecognized adrenal adenomas may be contributing factors.


     For individuals with good graft function posttransplant, restriction of dietary potassium intake is only indicated when potassium levels are elevated.


     Of note, for many patients who have been limiting their potassium intake pretransplant, liberalizing intake can be challenging and unnerving, so a gradual approach may be helpful.


     Phosphorus (also discussed in chapters 10 and 11)


     Hypophosphatemia is commonly observed in the early posttransplant period in patients with a well-functioning graft.


     As kidney function normalizes, preexisting hyperparathyroidism and elevated levels of fibroblast growth factor 23 (FGF-23) may lead to hypophosphatemia.18,19


     Management of phosphorus abnormalities


     Hypophosphatemia


     Increase dietary intake of phosphorus-containing food.


     Oral or intravenous phosphorus supplements may be necessary. Of note, however, overly aggressive phosphorus replacement therapy is not recommended (see chapter 11).


     Note: High phosphorus-containing foods and phosphorus supplements may contain potassium and may contribute to hyperkalemia (see chapter 10).


     Hyperphosphatemia


     Phosphate binders may be used.


     Caution should be used when administering binders because they may interact with mycophenolate and lower its level.


     Calcium and vitamin D


     Transplant recipients have been reported to have significant bone loss within the first year. Early optimization of calcium and vitamin D levels may reduce bone loss risk.20,21


     Nonetheless, unless patients are symptomatic, vitamin D and calcium supplementation should be delayed until levels stabilize in a few weeks postoperatively.


     Calcium


     Postoperatively, calcium levels often decline then normalize or even increase after 1 to 2 weeks posttransplant.


     Early hypocalcemia may reflect FGF-23–mediated suppression of calcitriol synthesis, reduced calcium absorption, poor graft function, or volume expansion.


     Calcium repletion is necessary in patients with electrocardiogram (ECG) changes or neurologic signs and symptoms. Avoid aggressive calcium repletion in asymptomatic patients, particularly those who have concurrent hyperphosphatemia.


     The recommended intake for calcium is 1,200 to 1,500 mg daily, with total calcium not to exceed 2,000 mg/d.


     Vitamin D


     Vitamin D deficiency is highly prevalent posttransplant.22


     A baseline check of 25-hydroxy vitamin D posttransplant is reasonable.


     Treatment strategies recommended for the general population may be used in posttransplant recipients. Posttransplant bone disease will be addressed with long-term posttransplant concerns.


     Magnesium


     Hypomagnesemia is common in the early posttransplant period and has been largely attributed to calcineurin inhibitor–induced renal magnesium wasting.23


     Hypomagnesemia has been attributed to glucose intolerance, vascular stiffness, hypoparathyroidism and associated hypocalcemia, and hypokalemia, among others.


     Intravenous repletion of magnesium is indicated for levels <1.0 mg/dL. Otherwise, oral supplementation may suffice (see chapter 10).


     Iron


     Preexisting iron deficiency, frequent lab draws, dialysis, poor GI absorption, and surgical blood loss may exacerbate postsurgical anemia.


     Determining iron status preoperatively and correcting iron deficiency in the early posttransplant period is recommended. Individuals with transferrin saturation <30% and ferritin levels below 500 ng/mL should receive intravenous iron therapy per Kidney Disease: Improving Global Outcomes (KDIGO) guidelines.24


     Vitamins


     Although CKD patients, especially those receiving dialysis, are routinely supplemented with water-soluble vitamins to counteract losses during dialysis and suboptimal intake due to dietary restrictions, the efficacy of continuing vitamin supplementation for posttransplant recipients with a well-functioning allograft has not been well studied.


  Postoperative feeding


  Oral Feeding


     Kidney transplant recipients with an uncomplicated postoperative course are typically advanced to an oral diet by postoperative day 1 or 2.2,3


     Initiating early postoperative feeding is generally safe and associated with reduced hospital length of stay, fewer infectious complications, and greater patient satisfaction.25


     A bowel regimen with a stool softener and mild laxative may be helpful. Many individuals experience constipation postoperatively due to exposure to anesthesia and narcotics, alterations in diet, and reduced fluid intake and physical activity.


  Nutrition Support


     Enteral and parenteral nutrition are not commonly indicated immediately following kidney transplantation. However, nutrition support may be warranted in malnourished individuals or those with complications requiring continuing intubation or unable to use their GI tract.


     Enteral nutritional support


     If possible, the GI tract is the preferred route of feeding over parenteral route. Enteral feeding aids in maintaining gut integrity, preventing intestinal bacterial overgrowth, and reducing risk of infection.


     In cases with DGF, enteral formulas may need to be modified (eg, lower potassium or phosphorus content in patients with hyperkalemia or hyperphosphatemia).


     The use of “immune-modulating” enteral formulas containing immunonutrients including arginine, glutamine, omega-3 fatty acids, and antioxidants are not recommended posttransplant. These formulas have been reported to reduce infectious complications in the perioperative oncology patient population. However, their efficacy and safety in the kidney transplant population have not been substantiated.


     Parenteral nutrition


     Inability to absorb adequate nutrients through the GI tract during a period of >5 days requires parenteral nutrition.


     Central venous access is needed for total parenteral nutrition (TPN) and is an added infection risk. Benefits versus risks need to be considered.


     Peripheral parenteral nutrition (PPN) may be used when parenteral nutrition is expected to last <2 weeks.


     PPN formulas are less concentrated and require a larger volume to provide adequate calories and protein compared with TPN. Additionally, PPN may not allow for 100% of nutrition needs and have an added risk for thrombophlebitis with more concentrated formulas. The osmolarity of PPN admixtures should not exceed 900 mOsm/L.


     Protein and energy requirement during acute illness requiring parenteral nutrition are dependent on patients’ catabolic state, physical stress, and/or dialysis dependency.


  Nutrient-drug interactions/side effects


     Immunosuppressive medications are essential for a successful posttransplant outcome. As with any medication, there are side effects as well as drug-nutrient interactions.


     Grapefruit, star fruit, Seville orange (also known as bitter orange), pomegranate, and pomelo may interfere with the absorption/metabolism of immunosuppressive medications.


     Furanocoumarin derivatives found in grapefruit, pomelo, and Seville orange have been found to inhibit cytochrome P450 3A4 (CYP3A4) isozyme in the gut wall. Polyphenols found in pomegranate and star fruit also have an inhibitory interaction with CYP3A4.26


     Consumption of these fruits should be avoided to prevent elevation or fluctuation in tacrolimus, cyclosporine, and/or sirolimus levels (also discussed in chapter 2).


     Of note, the ingestion of star fruit by individuals with impaired renal function has been associated with oxalate nephropathy, adverse neurologic symptoms, and death.


  Food safety


     Immunosuppressed kidney transplant recipients have an increased risk for contracting foodborne illness.27


     Many foodborne illnesses can lead to nausea, vomiting, and/or diarrhea and may change the absorption of immunosuppressive medications that could lead to kidney allograft dysfunction. In cases of life-threatening illnesses, immunosuppression may need to be withdrawn.


     According to the Centers for Disease Control and Prevention, the top five germs responsible for foodborne illnesses in the United States include norovirus (~19-21 million cases per year), Salmonella (~1.2 million cases per year), Clostridium perfringens (~1 million cases per year), Campylobacter jejuni (1.3 million cases per year), and Staphylococcus aureus.


     Foodborne pathogens that may have serious consequences in the general population and perhaps more so for immunosuppressed individuals include ciguatera, Clostridium botulinum, Cryptosporidium, Cyclospora, Listeria monocytogenes, Shigella, Toxoplasma gondii, Vibrio vulnificus, and Yersinia.


     Transplant recipients should be educated on proper handwashing, safe food handling and preparation techniques, and food storage principles.


     In addition, “high-risk” foods can support the growth and multiplication of bacteria more readily and should generally be avoided. These include unpasteurized milk and soft cheeses, raw or undercooked meat, poultry, eggs, fish and seafood, cured or processed deli meat that has not been reheated, and raw sprouts (also discussed in chapter 20).


     Transplant recipients are advised to follow food safety practices according to the U.S. Department of Agriculture guidelines. Food safety resources for transplant recipients are available at http://www.fda.gov/downloads/Food/FoodborneIllnessContaminants/UCM312793.pdf.


  Long-term concerns


     Postsurgical variability in nutrition needs typically stabilize about 4 to 6 weeks after transplantation.


     The long-term nutrition goals involve monitoring patients for signs and symptoms and providing medical nutrition therapy for common problems of glucose intolerance, obesity, dyslipidemias, and osteoporosis.


  Cardiovascular disease (CVD) and hypertension


     CVD remains the leading cause of death among kidney transplant recipients.


     Factors contributing to CVD include hypertension, dyslipidemia, diabetes, obesity, heredity, advanced age, male sex, smoking, CKD, and immunosuppressive medications, among others (posttransplant CVD is discussed in chapter 14).28


     Nonpharmacologic strategies to improve lipid metabolism and reduce cardiovascular risk


     Nutrition modification and guidance should be initiated early.


     The National Institutes of Health/National Heart, Lung, and Blood Institute Therapeutic Lifestyle Changes (TLC) diet for adults recommends a three-part program consisting of diet, physical activity, and weight loss in the management of hyperlipidemia.29


     The Therapeutic Lifestyle Changes (TLC) diet advocates


     Targeting intake of cholesterol to be <200 mg/d, with saturated fat intake <7%, and total fat to be between 25% and 35% of total calories per day.


     Reading food labels.


     Consuming adequate fiber: a total fiber intake of 20 to 30 g, with 5 to 10 g coming from soluble fiber.


     Incorporating whole grains, legumes, nuts, seeds, vegetables, fruits, and monounsaturated fatty acids into the diet while limiting saturated and trans fats (thought to be beneficial in reducing cholesterol and triglyceride).


     Lifestyle modification to involve regular exercise habits, avoidance of tobacco products, and maintenance of a healthy body weight


     Overweight individuals are urged to lose weight.


     Healthy diet and lifestyle modifications are important background therapy when cholesterol-lowering drug therapy is indicated.


     The majority of kidney transplant recipients have hypertension or are on antihypertensive medications at some point during the transplant process. Pharmacologic treatment of hypertension is discussed in chapter 14. Dietary approach is discussed in the following text:


     Sodium intake has been positively correlated with blood pressure across the general, CKD, and kidney transplant population, which may suggest that better control of sodium intake may lead to improvement in blood pressure in transplant recipients.30


     Sodium restriction


     Although sodium restriction may reduce blood pressure in some transplant recipients, this effect is not observed among others.


     A sodium-restricted diet may be advised as kidney function declines.


     The dietary approaches to stop hypertension (DASH) diet


     Has been shown to be effective in improving blood pressure in the nontransplant population.


     The DASH diet eating plan emphasizes increasing fruits and vegetables, including low-fat dairy products and whole grains, while decreasing sodium, sweets, added sugars, sugar-containing beverages, fat, and red meat. Again, physical activity and maintaining a healthy body weight are also encouraged.


     The standard DASH diet allows for 2,300 mg of sodium per day and limits alcohol for men to no more than two drinks per day and women to one drink or less.


     Caffeine: Although caffeine has been linked to hypertension, literature on consumption is not conclusive and therefore was not addressed by the DASH diet.


     Diagnosis and management of posttransplantation diabetes mellitus are discussed in chapter 14.


     Obesity and weight management are discussed in the following text.


  Weight management


     Management of weight gain is a common challenge after transplant.31


     Weight gain posttransplant


     Many individuals are overweight or obese at the time of transplant with as many as two-thirds experiencing weight gain after transplant.


     Average weight gain is 10% of body weight and tends to occur within the first year posttransplant.


     Weight gain typically reflects an increase in adipose tissue rather than lean muscle mass.


     Etiologies of posttransplant weight gain


     Lower adjusted energy expenditure due to reduced physical activity


     Trend toward higher calorie intake due to improved appetite related to resolving uremia, use of corticosteroids, liberation of dietary restrictions, and an overall improved sense of well-being


     Clinical impact of posttransplant obesity


     Adversely affects diabetes, CVD, dyslipidemia, and hypertension


     Increased risk of wound and surgical site infections as well as DGF32


     Management of posttransplant weight gain


     Healthy lifestyle changes to include a multidisciplinary approach of individualized dietary counseling, behavior modification, and physical activity16


     Early initiation of lifestyle modifications and counseling by a dietitian with regular follow-up are important for successful weight management.


     In severely obese individuals, bariatric surgery may be considered. One small single-center retrospective study (n=5) suggests that bariatric surgery is safe and highly effective in transplant recipients.33


  Osteoporosis/posttransplant bone disease (also discussed in chapter 11)


     Kidney transplant recipients are at increased risk for bone fractures as compared to the general population and individuals on dialysis.


     In the first 12 months following transplantation, a decline in bone mineral density occurs, with a more rapid decline within the first 6 months.34


     Risk factors for worsening bone disease posttransplant


     Preexisting renal bone disease; glucocorticoids; immunosuppressant medication; mandatory use of sunscreen posttransplant; and alterations in calcium, vitamin D, and phosphorus metabolism influence bone mineral density posttransplant.


     Long-term use of glucocorticoids results in suppression of bone formation and high bone turnover. Additionally, intestinal absorption of calcium is decreased, whereas urinary calcium excretion is increased, which further contributes to bone loss.19,20


     Management strategies for posttransplant bone loss


     Treatment for metabolic bone disease should begin pretransplant.


     Supplementing vitamin D posttransplant, with or without calcium, for low 25-hydroxy vitamin D levels is appropriate and may delay bone loss. Calcium, phosphorus, and PTH levels as well as 25-hydroxy vitamin D should be monitored during supplementation.


     Calcitriol and other vitamin D receptor agonists increase calcium absorption, promote osteoblast differentiation, and directly suppress PTH possibly attenuating some of the steroid side effect and preventing bone loss.


     KDIGO and KDOQI guidelines16,17,35


     Calcium intake is recommended to range from 800 to 1,500 mg/d. This amount includes dietary and supplement sources.


     In addition to adequate calcium and vitamin D intakes via dietary sources, other factors such as smoking cessation and physical activity should be encouraged.


     Weight-bearing exercise in nonkidney solid organ transplant has been helpful in maintaining and improving bone mineral density; there are no published data to date in the kidney transplant population.


     In chronic allograft nephropathy, hyperphosphatemia and other manifestations of renal bone mineral disorders should be treated using guidelines for stages 3 and 4 CKD.


     The 2017 KDIGO clinical practice guidelines for the diagnosis, evaluation, and treatment of CKD-mineral and bone disorder (CKD-MBD) in transplant recipients are discussed in chapter 11.


     Hypophosphatemia and hypercalcemia may persist even with the return of renal function. Although not entirely explained by PTH levels, residual hyperparathyroidism should be addressed.


  Herbal supplements


     Herbal or botanical supplements used for therapeutic or medicinal purposes is common practice in the general population as well as among transplant recipients.


     Kidney transplant recipients should be advised to avoid herbal supplements for several reasons2,3,36:


     In the United States, dietary supplements are not regulated for safety or efficacy by the U.S. Food and Drug Administration (FDA), which may pose serious risks for consumers.


     Although there are labeling guidelines for qualified health claims on dietary supplement products, these guidelines are minimal compared to the scientific rigor required for pharmaceuticals. Furthermore, the majority of available supplements have not been well studied in the kidney transplant population.


     Verification of composition and concentrations are not required. Contaminations and deliberate adulteration may be problematic.


     Heavy metals such as lead, mercury, and arsenic as well as pharmaceutical drugs found in botanical supplement preparations have been reported.


     Many supplements have nutrient-drug interactions and may interfere with prescribed medications. Routine medication history should include the use of herbal supplements.


     Notable herbal supplements


     St. John’s wort, a common medicinal herb used to treat depression, may affect tacrolimus and cyclosporine levels. St. John’s wort is a strong inducer of the CYP3A4 system and has also been shown to upregulate P-glycoprotein expression, thereby resulting in subtherapeutic immunosuppression drug trough levels.


     Medicinal herbal preparations containing concentrated amounts of furanocoumarins and polyphenols, specifically flavonoids such as naringin, naringenin, catechins, and quercetin, should be avoided because they have been shown to have inhibitory effects on CYP3A4.26


     Noni juice, dandelion, stinging nettle, horsetail, and alfalfa may cause hyperkalemia.


     Dandelion, stinging nettle, and alfalfa may promote diuresis.


     Licorice root (Glycyrrhiza glabra) has been known to have an aldosterone-like effect, contributing to sodium and fluid retention, metabolic alkalosis, and hypokalemia.


     Supplements reported to boost the immune system including echinacea, elderberry, and ginseng can theoretically increase the risk of allograft rejection. Their use should be avoided unless high-quality studies prove otherwise.


  Prebiotics/probiotics


     Probiotics are microorganisms with intended health benefits such as improving GI barrier function, maintaining optimal pH at the mucosal barrier, and regulating immune response to infectious organisms.


     Prebiotics are nondigestible carbohydrates that interact with probiotics to promote the growth of beneficial bacteria.


     Limitations to the use of probiotics


     There are multiple species and strains of bacteria with different effects. Not all probiotics are alike, and for that reason, safety and efficacy must be evaluated separately for each species or combination of species. Most reported studies have used Lactobacillus and Bifidobacterium strains. Data on other probiotics and long-term safety of probiotic use in kidney transplant recipients are lacking.


     There are no regulatory standards in place for quality control of probiotic products.


     The use of Saccharomyces boulardii, a yeast not normally found in gut microflora, has been linked to fungemia. Its use should be avoided in immunocompromised patients.


     Data on the use of prebiotics and probiotics in kidney transplant recipients are not conclusive.37 Risks versus benefits must be weighed prior to use.


  Alcohol


     KDIGO does not currently have any formal recommendations regarding alcohol consumption in the kidney transplant population.


     In the early posttransplant period, kidney transplant recipients are advised against alcohol consumption to avoid potential medication interactions and to foster adherence to medications.


     Moderate alcohol consumption (10-30 g/d) is not harmful to the kidney and has been associated with a lower risk of posttransplant diabetes and metabolic syndrome.38


     Prescribed medications should be screened for drug-alcohol interactions and recommendations reviewed with the transplant patient.


     Alcohol should be avoided by individuals with liver disease.


  Special considerations


  Acute Rejection Episodes


     The primary goal for nutrition therapy during acute rejection episodes is to provide optimal calorie and protein intake.


     Increased catabolism due to high-dose steroid treatment regimens increase protein needs. A protein intake providing 1.5 g/kg is reasonable.


  Progression of Renal Disease in Kidney Transplant


     Literature regarding nutrition therapy for individuals with chronic allograft nephropathy is lacking.


     However, available research does suggest that protein restriction may reduce proteinuria, and although the ideal amount and sources of protein intake for kidney transplant recipients with a failing graft remains unclear, daily protein intake of 0.6 to 0.9 g of protein per kilogram of body weight is reasonable.


     Ultimately, comorbidities of advancing kidney disease and nutrition status should be optimized while avoiding unnecessary protein loads.


  Pregnancy


     Recommended caloric intake for the pregnant transplant recipient is 25 to 35 kcal/kg of body weight plus 300 calories daily in the second and third trimester.


     Protein intake should be 1 to 1.2 g/kg of body weight plus 10 to 25 g of protein per day. Micronutrient requirements are the same as for a nontransplant pregnant female.


     Prenatal vitamins are advised, especially in early pregnancy. Folic acid intake should be at least 400 μg daily.


  Bariatric Surgery


     With the rise in obesity prevalence, bariatric surgery has become a common treatment option and the most effective method for weight loss.


     Although the literature on bariatric surgeries in kidney transplant recipients is limited, a number of case reports have endorsed the safety and effectiveness of bariatric surgery in this population.7


     Potential benefits of bariatric surgery


     Significant weight loss in transplant recipients has been reported.


     Improvement in glycemic control


     Trend toward a reduction in the need for statin maintenance therapy


     Potential adverse effects of bariatric surgery8


     Micronutrient deficiencies may occur but are likely procedure specific. Vitamins and minerals, for the most part, are absorbed in the small intestine. Procedures that bypass a large portion of the small intestine are at higher risk for micronutrient deficiencies.


     The Roux-en-Y gastric bypass procedure bypasses a majority of the stomach, the duodenum, and much of the jejunum, which may lead deficiencies in folic acid, vitamin B12, iron, and calcium, among other micronutrients.


     The duodenal switch creates a sleeve gastrectomy with a small portion of the duodenum intact, whereas much of the small intestine is bypassed leading to fat-soluble vitamin deficiencies as well as iron and calcium deficits.


     Sleeve gastrectomy is becoming the most commonly performed procedure in the general population. This procedure does not involve intestinal bypass, but nutrition deficits may result.


     Dumping syndrome


     Some patients may experience dumping syndrome. This may be more common after the Roux-en-Y because this procedure bypasses the pylorus.


     To minimize risk of dumping syndrome, individuals should avoid simple sugars and high-fat foods. Fluid intake should be emphasized to avoid dehydration.


     Kidney stones


     Increased stone risk may be associated with reduced fluid intake.


     Increased urine oxalate and calcium oxalate supersaturation following some bariatric procedures has been reported.


     Long-term care for the bariatric patient


     Following kidney transplantation, bariatric patients should continue on a daily multivitamin supplement that includes 100% to 200% daily values of micronutrients.


     To avoid long-term complications of micronutrient deficiencies, signs and symptoms of deficiency and vitamin and mineral levels should be monitored annually.


     Practitioners should be vigilant in regularly monitoring the nutrition status of transplant recipients who have also undergone bariatric surgery.


     Patients should be advised to maintain adequate fluid intake to minimize any potential stone risk.
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    Management of Patients With a Failed Transplant
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  TIMING OF DIALYSIS REINITIATION


     Patients returning to dialysis after a failed transplant comprise 4% to 5% of the annual number of dialysis initiation in the United States.


     For transplant-naive patients, most clinicians advocate dialysis initiation once the estimated glomerular filtration rate (eGFR) is ≤5 to 9 mL/min/1.73 m2 by Modification of Diet in Renal Disease (MDRD) equation and as dictated by associated symptoms.


     The Initiating Dialysis Early and Late (IDEAL) study was a randomized controlled trial designed to study outcomes between early and late initiation of dialysis in patients with progressive chronic kidney disease.1


     Early-start group, n = 404; dialysis would be initiated when eGFR reached 10.0 to 14.0 mL/min/1.73 m2.


     Late-start group, n = 424 (patients returning to dialysis after a failed transplant consisted of <4% of patients in each group); dialysis initiation would only be initiated when eGFR reached 5.0 to 7.0 mL/min/1.73 m2 (by Cockcroft-Gault equation) unless otherwise dictated by uremic signs or symptoms.


     Study results


     Median follow-up: 3.6 years


     Seventy-six percent of patients in the late-start group were initiated on dialysis when the eGFR was above the target of 7.0 mL/min because of symptomatic uremia.


     The mean eGFR at the time of dialysis initiation was 12.0 mL/min in the early-start group and 9.8 mL/min in the late-start group.


     There was no difference in survival, cardiovascular events, infections, or complications of dialysis between the two treatment groups.


     Currently, there is no consensus on the timing of dialysis reinitiation in patients with a failed transplant.


     Studies on the optimal timing of dialysis reinitiation after a failed transplant are limited.


     United States Renal Data System (USRDS) database2


     N = 4,741 patients returning to dialysis after graft failure, with >1-year follow-up after reinitiation of dialysis


     There was a negative impact of early versus late dialysis reinitiation on survival.


     The eGFR at dialysis initiation were 9.7 ± 4.8 mL/min/1.73 m2 in nonsurvivors compared with 8.0 ± 3.7 mL/min/1.73 m2 in survivors.


     It is speculated that the sickest patients tended to require initiation of dialysis at higher levels of renal function (confounding by indication).


     In one cohort study3


     Clinical characteristics that may lead to confounding by indication were addressed using propensity scores for the likelihood of early versus late dialysis reinitiation (early vs late defined as eGFR >10.5 but <15 mL/min/1.73 m2 vs eGFR <10.5 mL/min/1.73 m2, respectively).


     N = 747 patients returning to dialysis after graft failure (study population: patients receiving outpatient dialysis treatment at large US dialysis facilities whose identities also appeared in the Scientific Registry of Transplant Recipients database)


     Although patients in the early dialysis start group appeared sicker (more diabetic and heart disease patients with lower body mass index [BMI]), there was no survival advantage of earlier dialysis therapy in any group (adjusted for age, gender, diabetes, serum albumin, BMI, and atherosclerotic heart disease).


     There was a trend toward higher mortality among those with higher eGFR at dialysis initiation. Such trend was even more prominent among the healthiest subgroups of patients identified by the propensity score including women and younger individuals.


     Authors’ suggested guidelines for dialysis reinitiation after a failed transplant4


     Reinitiation of dialysis should not be based solely on an absolute level of residual kidney function. In general, however, dialysis reinitiation at an eGFR ≤6 to 9 mL/min/1.73 m2 by MDRD seems reasonable.


     In patients with higher level of residual kidney function, dialysis reinitiation should be based on traditional clinical and/or laboratory parameters and patient’s overall wellness (or lack thereof, eg, symptomatic uremia, volume overload or hyperkalemia refractory to medical treatment, and/or malnourishment, among others).


     In patients with significant comorbid conditions such as long-standing diabetes mellitus with its associated micro- and macrovascular complications, history of multiple skin cancers or history of recurrent urinary tract infections/urosepsis (or other infectious or urologic complications), weaning of immunosuppression, and early return to dialysis seems justifiable.


     The optimal dialysis modality after allograft failure is unclear. However, similar to the nontransplant settings, the choice of hemodialysis over peritoneal dialysis or vice versa after a failed transplant is generally based on factors such as patient’s preference, ease of access to dialysis centers, vascular access exhaustion, and so forth.


     The USRDS demonstrated that 65.4% of patients with a failed transplant started hemodialysis with a central venous catheter.5


     Catheter-related infectious complications in these immunocompromised patients should not be overlooked.


     Timely referral for vascular access placement in patients without a functioning arteriovenous fistula or arteriovenous graft at the time of graft failure is recommended.


     In potential re-allograft candidates, blood transfusions should be avoided unless absolutely necessary to prevent allosensitization (see chapter 20).


  IMMUNOSUPPRESSION MANAGEMENT


     Consensus guidelines for the management of immunosuppression in patients with a failed allograft are lacking. Immunosuppression is typically discontinued following allograft nephrectomy (AN) unless there is a concern for allosensitization in retransplant candidates with a potential living donor.


     Both continuation of low-dose immunosuppression and immunosuppression withdrawal have their inherent beneficial and adverse effects.4


     Potential beneficial effects of continuation of immunosuppression


     Preservation of residual kidney function (improves quality of life)


     Decrease incidence of graft intolerance syndrome (defined in the following text) and the need for AN


     Minimization of allosensitization


     Avoidance of overt acute rejection


     Prevention of secondary adrenal insufficiency syndrome


     Prevention of reactivation of systemic disease (eg, systemic lupus erythematosus, vasculitis)


     Potential adverse effects of continuation of immunosuppression


     Metabolic complications (diabetes, hypertension, dyslipidemia)


     Cardiovascular complications


     Steroid-associated adverse effects (eg, diabetes, cataracts, avascular necrosis, myopathy)


     Increased susceptibility to infection


     Malignancy, particularly skin cancers and cancers associated with viral infections such as Kaposi sarcoma (human herpes type 8), non-Hodgkin lymphoma (Epstein-Barr virus), and lip cancers (human papillomavirus) (see chapter 15).


     Costs (particularly because data supporting continued immunosuppression are lacking)


     Although evidence-based recommendations are lacking, continuation of low-dose immunosuppression may be appropriate in the following:


     Predialysis patients


     Dialysis-dependent patients with residual urine output >300 to 500 mL/d (improve quality of life, may improve survival). Nonetheless, immunosuppression withdrawal should be considered in high-risk patients or those with significant comorbid conditions such as poorly controlled diabetes mellitus, neurogenic bladder, recurrent episodes of urinary tract infections or urosepsis, or history of cancers, among others.


     Patients with symptomatic rejection or graft intolerance syndrome to serve as a bridge to AN


     Patients with anticipated living donor re-allograft transplant or those anticipated to have a short wait time after early relisting to prevent allosensitization. Note: Deceased donor kidney transplant recipients with primary nonfunction of the allograft will regain their prior waiting time when medically cleared to return to the transplant waiting list (primary nonfunction is defined as failure to achieve an eGFR >20 mL/min/1.73 m2, 3 months after transplant or never functions).


     Proposed immunosuppression withdrawal protocols are shown in Table 18-1. In patients with early graft loss (defined as graft loss within 1 year after transplant), graft nephrectomy is usually performed and immunosuppression rapidly tapered.


  
    TABLE 18-1  Suggested Immunosuppression Withdrawal Protocols Based on Maintenance Immunosuppression Regimen*


    
      
        
          	
            Current maintenance immunosuppression

          

          	
            Tapering protocol

          

          	
            Comments

          
        


        
          	
            CNI + antimetabolitea + prednisone

          

          	
            Discontinue antimetabolite at initiation of dialysis.


            Taper CNI over 4-6 wk.b


            Maintain same steroid dose at initiation of dialysis for 2-4 wk and then taper by 1 mg/mo (starting from 5 mg daily) until off.

          

          	
            Consider low-dose (CNI plus prednisonec) continuation in retransplant candidate with potential living donor to avoid allosensitization.

          
        


        
          	
            CNI + mTOR inhibitor + prednisone

          

          	
            Discontinue mTOR inhibitor at initiation of dialysis.


            Taper CNI over 4-6 wk.b


            Maintain same steroid dose at initiation of dialysis for 2-4 wk and then taper by 1 mg/mo (starting from 5 mg daily) until off.

          

          	
            Consider low-dose (CNI plus prednisonec) continuation in retransplant candidate with potential living donor.

          
        


        
          	
            mTOR inhibitor + prednisone

          

          	
            Taper mTOR inhibitor over 4-6 wk.b


            Maintain same steroid dose at initiation of dialysis for 2-4 wk and then taper by 1 mg/mo (starting from 5 mg daily) until off.

          

          	
            Unless CNI is contraindicated,d consider adding low-dose CNI and continue low-dose prednisonec in retransplant candidate with potential living donor.


            mTOR inhibitor not recommended in the perioperative period due to potential delayed wound healing

          
        

      
    


    Abbreviations: CNI, calcineurin inhibitor; mTOR, mammalian target of rapamycin.


    *Practice varies among centers.


    aMycophenolate mofetil (CellCept), mycophenolic acid (Myfortic), or azathioprine (Imuran).


    bTaper can be done over a shorter period in slow chronic progressive graft failure but over a longer period when graft failure occurred following recent acute rejection episodes.


    cUsually, prednisone 5 mg daily.


    dSuch as history of CNI-induced thrombotic microangiopathy.

  


     Suggested algorithm for the management of immunosuppression after allograft failure is shown in Figure 18-1. Recommendations are opinion based; continuation of low-dose immunosuppression or immunosuppression withdrawal should be assessed on an individual basis.


  
    

    Figure 18-1  Suggested Algorithm for the Management of Immunosuppression After Graft Failure
aContinue antimetabolite and low-dose prednisone (usually 5 mg daily) and calcineurin inhibitor (CNI) dose reduction (or mammalian target of rapamycin [mTOR] inhibitor dose reduction if used as base therapy). b“No” or not a re-allograft candidate. cSee text. dUsually, prednisone 5 mg daily with or without low-dose CNI (or low-dose mTOR inhibitor if used as base therapy). IS, immunosuppression.
  

  GRAFT INTOLERANCE SYNDROME


     Commonly occurs within the first year of returning to dialysis


     May occur in 30% to 50% of patients despite different immunosuppression withdrawal protocols


     Clinical manifestations: fever, malaise, gross hematuria, graft enlargement or tenderness, unexplained fatigue, and/or flu-like symptoms


     Laboratory findings (not invariably present): hypoalbuminemia, anemia resistant to erythropoiesis-stimulating agent, elevated inflammatory markers such as C-reactive protein, erythrocyte sedimentation rate, and ferritin6,7


     Symptoms may respond to temporary intensification of immunosuppression, usually in the form of intravenous or oral steroid pulse (eg, intravenous Solu-Medrol 5 mg/kg daily for 2-3 days followed by oral prednisone taper; some centers advocate a 5- to 7-day course of oral prednisone at 0.3-1 mg/kg a day).


     Recurrent episode of graft intolerance syndrome generally requires AN. Repeated courses of pulse steroid therapy are not recommended.


  INDICATIONS FOR ALLOGRAFT NEPHRECTOMY


     Practices vary among centers. However, most advocate AN in patients whose allograft failed within 1 to 2 years posttransplantation.


     No consensus exists on the timing and indications for graft nephrectomy when graft loss occurs more than 1 to 2 years after transplant.


     Absolute and relative indications for AN are shown in Table 18-2.


  
    TABLE 18-2  Absolute and Relative Indications for Allograft Nephrectomy


    
      
        
          	
            Absolute indications (commonly accepted)

          

          	
            Relative indications (controversial, opinion based)

          
        


        
          	
            •    Primary nonfunction


            •    Hyperacute rejection


            •    Early recalcitrant acute rejection


            •    Early graft loss (generally defined as graft loss within the first year)


            •    Arterial or venous thrombosis


            •    Graft intolerance syndrome refractory to medical therapy


            •    Recurrent urinary tract infections or sepsis/urosepsis


            •    Multiple retained failed transplant prior to a repeat transplant

          

          	
            •    The presence of hematologic or biochemical markers of the chronic inflammatory state


            •    Anemia resistant to erythropoiesis-stimulating agent


            •    Elevated ferritin level


            •    Elevated C-reactive protein


            •    Elevated erythrocyte sedimentation rate


            •    Low prealbumin/albumin


            •    First episode of graft intolerance syndrome with good clinical response to pulse steroid therapy but patients remain steroid dependent


            •    Graft loss due to BK nephropathy and high level of BK viremia

          
        

      
    

  


     AN has been shown to be associated with allosensitization, potentially resulting in a prolonged wait times for a compatible crossmatch kidney.


     Suggested mechanisms of allosensitization following graft nephrectomy4


     Sponge hypothesis: The failed allograft serves as a “sponge” that adsorbs anti-human leukocyte antigen (HLA) antibodies. AN leads to increased levels of these preformed anti-HLA antibodies in the peripheral blood.


     Rapid withdrawal of immunosuppression


     Injury caused by the nephrectomy may stimulate proinflammatory cytokine release and upregulation of HLA antibody production.


     Sensitization may occur due to the persistence of antigen-presenting cell or residual donor tissues and vessels.


     Studies supporting sponge theory


     In one study, graft nephrectomy preferentially increased class I HLA antibodies, whereas an increase in class II HLA antibodies was observed following immunosuppression withdrawal. Furthermore, most of the observed class I HLA antibodies were donor epitope-specific HLA antibodies (discussion is beyond the scope of this chapter). Because class I, but not class II, HLA molecules are constitutively expressed on the graft, it is speculated that the increased class I HLA antibodies following graft nephrectomy might have been caused by removal of the absorbing donor graft tissue.8


     In another study, de novo donor-specific antibodies (DSAs) were detected as soon as 5 days after graft nephrectomy, suggesting that antibodies were preformed. Furthermore, the median fluorescence intensity (MFI) of alloantibodies remained stable or declined during follow-up. It was hypothesized that if DSAs had appeared because of injury caused by graft nephrectomy, the MFI would have increased during follow-up.9


     Whether a failed graft may mask preformed HLA alloantibodies and detection of these HLA antibodies after graft nephrectomy may have important implications in identifying unacceptable antigens for patients awaiting a repeat transplant remains to be studied.


     Although the mechanism(s) or predominant mechanism of de novo development of anti-HLA alloantibodies is not fully understood, there has been ample literature documenting that graft nephrectomy leads to an increase in class I and II panel reactive antibodies and DSA and non-DSAs to variable extent.


     Potential risks and benefits of AN4 are summarized in Table 18-3.


  
    TABLE 18-3  Potential Risks and Benefits of Allograft Nephrectomy


    
      
        
          	
            Risks/cons

          

          	
            Benefits/pros

          

          	
            Comments (opinion based)

          
        


        
          	
            •    Residual kidney function may allow for less stringent fluid restriction and improve quality of life.


            •    Surgery-related morbidity and mortality


            •    Allosensitization and the potential for future prolonged wait times for a compatible crossmatch kidney

          

          	
            •    A failing graft is a focus of a chronic inflammatory state.


            •    May reduce mortality rates (variable results; further studies are needed)

          

          	
            •    Evidence-based recommendations are lacking. The decision to perform graft nephrectomy should be individualized (see text for authors’ opinion).


            •    Early recognition of signs and symptoms of an infected or acutely rejecting graft for early medical treatment and prevention of emergent graft nephrectomy may improve morbidity and mortality.


            •    Monitoring class I and II anti-HLA antibodies before and after re-allograft transplant and preemptive therapy on detection of DSA may improve outcomes.

          
        

      
    


    Abbreviations: DSA, donor-specific antibody; HLA, human leukocyte antigen.

  


     Potential risks (cons)


     Residual kidney function allows for less stringent fluid restriction and improves quality of life. AN eliminates this benefit.


     In most series reported, graft nephrectomy–associated morbidity occurred in 17% to 60% and mortality in 1.5% to 14% of patients.10 The wide variation in the mortality rates may be due in part to the timing of surgery, indication for graft nephrectomy, patient’s condition at the time of surgery, surgical techniques, and individual centers’ practice and experience. Percutaneous embolization is a less invasive approach, potentially decreasing morbidity and mortality. Further studies are needed.


     Allosensitization and the potential for future prolonged wait times for a compatible crossmatch kidney


     Potential benefits (pros)


     Reduction in chronic inflammatory state


     Patients returning to dialysis after graft failure have been shown to exhibit worse anemia, erythropoietin resistance, and hypoalbuminemia as well as worse C-reactive protein, erythrocyte sedimentation rate, and ferritin profiles compared with their transplant-naive counterparts. Amelioration of both clinical and laboratory parameters of the chronic inflammatory state was observed following graft nephrectomy.6


     Survival advantage


     Retrospective study using the USRDS database demonstrated that graft nephrectomy was associated with a 32% lower relative risk for all-cause mortality after adjustment for the propensity score to receive nephrectomy and other potential confounders. However, it should be noted that in patients with the failed allograft left in situ, it is not known whether low-dose maintenance immunosuppression might be independently associated with increased infection- and cardiovascular disease-related mortality.11


     In a large retrospective study (n >1,900 patients with graft failure), graft nephrectomy in patients reinitiating dialysis was found to be associated with decreased mortality among those with late graft loss (graft survival ≥12 months), whereas among those with early graft loss (graft survival <12 months), graft nephrectomy was associated with increased mortality rates.12 It is speculated that the association of graft nephrectomy and mortality risk in patients with early graft loss was due to graft-related symptoms rather than the nephrectomy procedure per se.


     A systematic review and meta-analysis of controlled clinical trials conducted to assess the impact of AN versus No-AN on a repeat transplant demonstrated significantly higher 5-year patient survival rate in the AN versus No-AN group.13


  THE IMPACT OF GRAFT NEPHRECTOMY ON A REPEAT TRANSPLANT


     Impact of graft nephrectomy on the outcomes of a repeat transplant


     There have been no randomized controlled trials comparing the outcomes of retransplantation in patients who had an AN versus those who did not.


     Data are mostly derived from large registry studies and observational studies.


     Results are variable and even conflicting: No impact, reduced, or improved graft and/or patient survival rate have been reported.


     A systematic review and meta-analysis conducted to assess the impact of allograft AN versus No-AN on a repeat transplant demonstrated13


     3- and 5-year graft survival rates: significantly higher in No-AN compared with AN group.


     1- and 10-year graft survival rates, serum creatinine at 1 year after a repeat transplant: comparable between the two groups.


     5-year patient survival rate: significantly higher in AN versus No-AN group.


     Rates of positive panel reactive antibody before retransplantation, acute rejection, and delayed graft function: significantly higher in AN versus No-AN group. (Note, however, cold ischemia time was longer in the AN group, potentially leading to higher rates of delayed graft function independent of the graft nephrectomy procedure per se.)


     Dialysis vintage before retransplantation: similar between the two groups.


     Potential confounding factors leading to mixed study results


     Era of transplantation


     Causes of prior graft loss


     HLA matching of subsequent graft


     Donor type (living vs deceased)


     Time on dialysis prior to a repeat transplant


     Allosensitization associated with blood transfusion


     Differences in immunosuppressive protocols


     Institution-dependent practice on indications for graft nephrectomy


     Recipient and donor demographics; recipient comorbid conditions


     It is suggested that if symptomatic immunologic responses prompted graft nephrectomy, then primary graft nephrectomy is simply a marker of high immunologic risk for repeat transplant failure. On the contrary, patients who had undergone nephrectomy may have been healthier than those who did not.


     Use of lymphocyte-depleting versus non–lymphocyte-depleting agents for induction therapy


     Preexisting DSA with or without complement fixing (Studies suggest that DSA with the ability to bind C1q and activate complement are associated with greater risk of acute rejection and graft loss than noncomplement-fixing DSA.)


     Authors’ opinion


     Although it remains unclear whether graft nephrectomy after late graft failure has a salutary or harmful effect on a repeat transplant, graft intolerance syndrome refractory to medical treatment is an indication for graft nephrectomy.


     In patients with multiple retained allografts, graft nephrectomy prior to retransplantation is inevitable.


     Graft nephrectomy in patients with erythropoietin resistance and refractory anemia or hypoalbuminemia attributed to the failed allograft seems justifiable.


     Irrespective of whether patients had undergone a graft nephrectomy prior to retransplantation or not, monitoring anti-HLA class I and II alloantibodies before and after re-allograft transplant may be invaluable in guiding immunosuppression in re-allograft transplant recipients. Preemptive therapy on detection of DSA may improve outcomes. Currently, various desensitization protocols have allowed successful transplantation of highly sensitized kidney transplant candidates. Suggested guidelines for immune monitoring and treatment of positive DSA encountered in various clinical scenarios are discussed in chapter 3.


     Effort to reduce cardiovascular and infectious complications and aggressive management of CKD may improve clinical outcomes after a repeat transplant whether or not graft nephrectomy is performed.


  ALLOGRAFT NEPHRECTOMY IN PATIENTS WITH GRAFT LOSS DUE TO BK NEPHROPATHY


     Re-allograft transplant can be safely performed without original graft nephrectomy but preferably following serum BK viral clearance.14


     Nonetheless, some centers do advocate graft nephrectomy prior to a repeat transplant in patients with graft loss due to BK nephropathy. Benefit of this practice is not known.
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  ORGAN TRAFFICKING AND TRANSPLANT TOURISM


     The phenomenon of human organ trafficking was first recognized in the 1990s. Originally a hidden and limited activity in the backstreets of a handful of developing countries, it became a widespread and sometimes brazen activity that involved potential recipients traveling to clinics around the world to receive a kidney from poor and poorly paid “donors.”1


     The World Health Organization (WHO) estimated that organ trafficking accounted for as much as 10% of all organs transplanted worldwide. It designated “hot-spots” of organ trafficking activity in India, Pakistan, Egypt, Colombia, and the Philippines, where the source of organs was from the living, and China, where the source of organs was executed prisoners.


     The main “exporters” of transplant recipients, unfortunately named “transplant tourists,” were wealthy countries of the Persian Gulf and included Japan, Israel, and other developed economies.


     In 2004, the World Health Assembly (WHA), the decision-making body of the WHO, issued a revision of its 1991 “Guiding Principles for Human Organ Transplantation” that made clear that the buying and selling of organs for transplantation was to be condemned, and it asked its member nations to take steps to bring the phenomenon to an end.2


     In May 2008, the two leading international professional organizations for transplantation and nephrology, The Transplantation Society (TTS) and the International Society of Nephrology (ISN), convened an international summit meeting on organ trafficking and transplant tourism in Istanbul. The outcome of the meeting was the Declaration of Istanbul (DoI) on Organ Trafficking and Transplant Tourism that was then endorsed by over 130 national and international professional organizations including the Council of Europe and the Vatican and has since entered the legislation of several governments and health ministries.


     Major international medical journals and organizations have been lobbied successfully to apply an “academic veto” on submissions that include data obtained from transplants involving organ trafficking or the use of organs from executed prisoners.


     In order to promote and sustain the DoI, the Declaration of Istanbul Custodian Group (DICG) was established, composed of representatives from the two parent organizations, TTS and ISN, and other interested individuals. A Web site (www.declarationofistanbul.org)3 was developed that contains translations of the DoI in multiple languages, a downloadable patient-oriented educational pamphlet entitled “Thinking of Buying a Kidney: STOP,” in multiple languages, a bibliography of relevant articles, and a news section of relevant material from the international press.


     Although the DoI deals mainly with living organ donation, the DICG has expressed its firm objection to payments to the families of deceased donors, and it strongly supports the principle of “financial neutrality” for organ donors. The DICG also remains alert to counter recurrent calls by a vocal minority to permit payments (other than those required to maintain financial neutrality), in one form of the other, to organ donors or their families.


     In the years that have followed the DoI, there has been much progress and some setbacks related to its core mission. Colombia, a country that once permitted nearly 20% of its deceased donor organs to be transplanted into foreigners, has essentially put an end to the practice. Progress, albeit fragile, has been made in Pakistan and India. Israel, once an “exporter” of transplant recipients, has implemented radical changes in policy that has nearly eliminated the practice.


     China, after much international pressure and widespread repugnance over its policy of “donation by execution,” has made the practice illegal and appears to be replacing it by ethically acceptable deceased donation practices. As of this writing, Egypt remains a major location for organ trafficking and reports of trafficking activities have come from Sri Lanka and Nepal.


     The positive changes that have taken place in Colombia and Israel, for example, are a manifestation of the impact of a combination of professional pressure, governmental support, and legislation. A call has been made for governmental accountability to achieve “self-sufficiency” in organ donation and transplantation so that each country or geographical region addresses the need of its own population from within its own population.


     In July of 2018, on the 10th anniversary of the DoI, an updated version of the Declaration was published. It consists of a preamble, definitions of critical concepts, a series of principles (Table 19-1), and a separate commentary. All of these are available at www.declarationofistanbul.org.


  
    TABLE19-1  2018 Updated Version of the Declaration of Istanbul


    
      
        
          	
            The 2018 Declaration of Istanbul on Organ Trafficking and Transplant Tourism

          
        


        
          	
            PRINCIPLES


              1.  Governments should develop and implement ethically and clinically sound programs for the prevention and treatment of organ failure, consistent with meeting the overall health care needs of their populations.


              2.  The optimal care of organ donors and transplant recipients should be a primary goal of transplant policies and programs.


              3.  Trafficking in human organs and trafficking in persons for the purpose of organ removal should be prohibited and criminalized.


              4.  Organ donation should be a financially neutral act.


              5.  Each country or jurisdiction should develop and implement legislation and regulations to govern the recovery of organs from deceased and living donors and the practice of transplantation, consistent with international standards.


              6.  Designated authorities in each jurisdiction should oversee and be accountable for organ donation, allocation and transplantation practices to ensure standardization, traceability, transparency, quality, safety, fairness, and public trust.


              7.  All residents of a country should have equitable access to donation and transplant services and to organs procured from deceased donors.


              8.  Organs for transplantation should be equitably allocated within countries or jurisdictions, in conformity with objective, nondiscriminatory, externally justified, and transparent rules, guided by clinical criteria and ethical norms.


              9.  Health professionals and health care institutions should assist in preventing and addressing organ trafficking, trafficking in persons for the purpose of organ removal, and transplant tourism.


            10.  Governments and health professionals should implement strategies to discourage and prevent the residents of their country from engaging in transplant tourism.


            11.  Countries should strive to achieve self-sufficiency in organ donation and transplantation.

          
        

      
    


    
      
        


        

      
    

  


  MARIJUANA IN TRANSPLANTATION


  Overview


  Marijuana (also known as cannabis) refers to smoked or ingested products from the cannabis sativa plant. When assessing marijuana use by a transplant patient, health care providers should determine whether the use represents


  1.  Therapeutic use for a medical indication, under the supervision of a treating physician.


  2.  Recreational use without harms.


  3.  Recreational use with harms—from risky use to cannabis use disorder (CUD).


  Marijuana policy


     Marijuana policy is evolving rapidly and varies significantly across different regions. In the United States, legal status may be defined as follows:


     Total prohibition (illegal for any use)


     Sanctioned medical use (so called “medical marijuana”)


     Legal for recreational use by adults


     Seven states have laws specifically prohibiting transplant programs from using marijuana as an independent exclusion criterion.4


  “Medical marijuana”


     Marijuana has been shown to have benefits for several medical conditions including chronic neuropathic pain, nausea and vomiting, and anorexia. All of these conditions are commonly seen in end-stage kidney disease (ESKD).5


     To our knowledge, there are no controlled trials with regard to marijuana use among patients with ESKD.


  Cannabis use disorder


     Approximately 8% to 12% of marijuana users will develop CUD, also known as addiction. Children and young adults have greater susceptibility for developing CUD, a concerning notion given increased availability of high-potency marijuana and reduced perception of risk from marijuana use over the past decade.6,7


     Table 19-2 summarizes the diagnostic criteria for CUD, cannabis intoxication, and cannabis withdrawal.


  
    
      
        
          	
            

          

          	
            TABLE19-2  Cannabis Use Disorder, Intoxication, and Withdrawal

          

          	
            

          
        


        
          	
            Cannabis Use Disorder

          
        


        
          	
            A.  A problematic pattern of cannabis use leading to clinically significant impairment or distress, as manifested by at least two of the following, occurring within a 12-mo period:


              1.  Use in larger amounts or over a longer period than was intended


              2.  Persistent desire or unsuccessful effort to cut back


              3.  A great deal of time is spent in activities necessary to obtain, use, or recover effects.


              4.  Cravings or persistent desire to use


              5.  Failure to fulfill major role obligations at work, school, or home


              6.  Use despite recurrent social or interpersonal problems


              7.  Important social, occupational, or recreational activities are given up or reduced


              8.  Recurrent use in situations in which it is physically hazardous


              9.  Persistent use despite knowledge of physical or psychological problems caused or exacerbated by using


            10.  Tolerance


            11.  Withdrawal (refer to Criteria A and B of the criteria set for cannabis withdrawal)

          
        


        
          	
            Cannabis Intoxication

          
        


        
          	
            A.  Recent use of cannabis.


            B.  Clinically significant problematic behavioral or psychological changes (e.g., impaired motor coordination, euphoria, anxiety, sensation of slowed time, impaired judgment, social withdrawal) that developed during, or shortly after, cannabis use.


            C.  Two (or more) of the following signs or symptoms developing within 2 h of cannabis use:


            1.  Conjunctival injection


            2.  Increased appetite


            3.  Dry mouth


            4.  Tachycardia


            D.  The signs or symptoms are not attributable to another medical condition and are not better explained by another mental disorder, including intoxication with another substance.

          
        


        
          	
            Cannabis Withdrawal

          
        


        
          	
            A.  Cessation of cannabis use that has been heavy and prolonged.


            B.  Three (or more) of the following signs and symptoms develop within approximately 1 wk after Criterion A:


            1.  Irritability, anger, or aggression


            2.  Nervousness or anxiety


            3.  Sleep difficulty (e.g., insomnia disturbing dreams)


            4.  Decreased appetite or weight loss


            5.  Restlessness


            6.  Depressed mood


            7.  At least one of the following physical symptoms causing significant discomfort: abdominal pain, shakiness/tremors, sweating, fever, chills, or headache


            C.  The signs or symptoms in Criterion B cause clinically significant distress or impairment in social, occupational, or other important areas of functioning.


            D.  The signs or symptoms are not attributable to another medical condition and are not better explained by another mental disorder, including intoxication or withdrawal from another substance.

          
        

      
    

  


  Marijuana harms


     To date, no studies have shown a direct adverse relationship between marijuana use and transplant outcomes.4,5


     However, excessive marijuana use has been associated with several harmful effects in the general population.6,7


     Brain function


     Short term


     Marijuana intoxication causes well-defined impairments in the following brain functions: memory, sense of time, sensory perception, attention span, problem solving, verbal fluency, reaction time, and psychomotor control.


     The short-term effects of marijuana last 1 to 2 hours* and impair intellectual activities as well as activities that require bodily control such as driving.


     Long term


     Heavy marijuana use can cause lasting impairments in memory, learning, and information processing.


     Compared to adults, children and adolescents have a greater vulnerability to the toxic effects of marijuana on the brain.


     Psychosocial health


     Mental health


     Marijuana can cause psychosis, a state of mind characterized by altered perceptions and an inability to distinguish between what is real and what is not.


     Marijuana increases the risk factor for developing schizophrenia.


     Marijuana has been strongly associated with depressive disorders and anxiety disorders.


     Social function


     Marijuana use is strongly associated with poor performance in school.


     Among adolescents with preexisting educational difficulties, marijuana use may lead to school failure, an event with lifelong consequences on occupational opportunities.


     Among adults, marijuana is associated with lower occupational status and higher unemployment.


     Physical health


     Health effects


     Among immunosuppressed patients, smoked marijuana may introduce contaminants such as fungal spores leading to serious infections.


     Marijuana irritates the lungs, creating inflammation associated with bronchitis.


     Marijuana harms cells lining the respiratory tract, leading to precancerous changes associated with lung cancer as well as head and neck cancer.


     Marijuana stimulates heart rate and blood pressure, which increases the risk of heart attack among individuals with preexisting heart disease.


     Perinatal effects


     The compounds found in marijuana can


     Readily cross the placenta, which can be taken up by the growing fetus.


     Pass into breast milk and ingested by the nursing infants.


     Marijuana use during pregnancy can cause low birth weight, developmental delay, and behavioral problems including addiction.


     Marijuana use during breastfeeding has been linked with developmental delay and behavioral problems, including addiction.


  


  *Notably, among heavy users, there is accumulation of blood levels and impairment can persist beyond the typical period of intoxication.
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  Suggestions provided for frequently asked questions in this chapter are opinion based, and practice may vary among centers and countries. Both kidney transplant recipients and their primary health care providers should have access to the “mother” transplant center at time of need.


     Pretransplant blood transfusion


     Assess risk and benefit: Human leukocyte antigens (HLAs) expressed on the surface of donor leukocytes can induce anti-HLA antibody production (also referred to as allosensitization). Blood transfusion in patients awaiting a kidney transplant should be avoided unless benefit outweighs risk.


     If blood transfusion is deemed necessary, consider use of leukocyte-reduced blood products. However, it should also be noted that leukocytes and red blood cells carry a large HLA antigen load, thus residual leukocytes and/or red blood cell HLA may not prevent or reduce allosensitization to any significant degree (blood transfusion in the posttransplant period is discussed in chapter 10).1


     Preservation of vascular access


     All transplant patients should be treated as chronic kidney disease (CKD) patients because most, if not all, allografts will eventually fail. The United Network for Organ Sharing (UNOS) database showed that the 10-year graft failure rates for transplants performed in 2005 for deceased and living donor transplants were 52.8% and 37.3%, respectively.2 Hence, maintaining vascular access integrity is essential to provide future dialysis in the event of graft failure.


     Peripherally inserted central catheter (also known as PICC line) and midline catheter can cause local injury and thrombosis to the vessels and render them unviable for future arteriovenous (AV) access creation. Placement of a small-bore central catheter into the right internal jugular vein is preferred over a PICC unless options are limited.


     Central venous catheters that are intended for long-term use (defined as more than 7-10 days) should be placed using a subcutaneous tunnel.


     Activities in the early posttransplant period: Frequently asked questions the first 3 months after transplant are shown in Table 20-1.


  
    TABLE 20-1  Frequently Asked Questions the First Three Months After Transplant


    
      
        
          	
            When can I?

          

          	
            Recommendations are for stable kidney transplant recipients

          
        


        
          	
            Exercise, lift weight

          

          	
            After hospital discharge: may begin routine walking for exercise and walking up and down the stairs. Exercise intensity can be increased as tolerated.


            The first 6 wk after transplant: no lifting more than 5 lb or straining of abdominal muscles including mowing the lawn or vacuuming

          
        


        
          	
            Drive

          

          	
            3-4 wk after transplant

          
        


        
          	
            Have sexual intercourse

          

          	
            3-4 wk after transplant (see “contraceptive methods and pregnancy after transplantation”)

          
        


        
          	
            Return to work

          

          	
            2-3 mo after transplant

          
        


        
          	
            Travel abroad

          

          	
            3 mo after transplant (see chapter 13 for travel vaccinations)

          
        

      
    

  


     Return to work precautions


     Routine work-related precautions or exposure


     Work-specific precautions


     Outdoor (construction, farming, gardening): See “gardening, yard work” in the following text.


     Weight lifting: Patients with a functioning AV fistula or AV graft should avoid lifting more than 10 lb in the ipsilateral arm.


     Construction workers can return to work after 3-6 months without weight restriction


     Gardening, yard work


     Soil can contain bacteria and fungi that can cause serious or life-threatening infection in immunocompromised kidney transplant recipients: shoes, socks, and gloves recommended


     Wear a mask for heavy dusty work or when soil is being stirred up because microscopic spores of fungus and bacteria can be released.


     Wear gloves when working with indoor plants.


     Avoid changing water of indoor cut flowers.


     Contacts with pets and animals


     Wash hands after touching pets.


     Contacts with dogs and cats are safe. Keep their vaccination up-to-date.


     Avoid


     Contacts with birds and bird droppings


     Handling turtles, their water, or tank (increased risk of salmonella infection)


     Cleaning cat litter


     Repatriation of patients


     In the United States, patients are commonly repatriated to the referring or community nephrologists 3 months after transplant.


     Patients should be seen by their primary care provider monthly the first year, every 2 months the second year, and every 3 months thereafter or at the discretion of the clinician. Suggested infectious disease screening and preventive health care guidelines3-5 for kidney transplant recipients are shown in Table 20-2.


  
    TABLE 20-2  Suggested Infectious Disease Screening and Preventive Health Care Guidelines


    
      
        
          	
            Infectious disease screening and preventive health care

          

          	
            Screening frequency (as applicable)

          

          	
            Comments

          
        


        
          	
            CMV surveillance after prophylactic therapy (monitor plasma CMV DNA by PCR)

          

          	
            For patients at increased risk for postprophylaxis CMV disease (R−/D+): CMV DNA weekly for 8-12 wk after the end of prophylactic therapya


            For R+/D− or R+/D+: screening after the end of prophylactic therapy as clinically indicateda,b


            For R−/D−: screening when clinically indicated or when exposed to large volume blood transfusionsa

          

          	
            Avoid transfusion-transmitted CMV infection in R−/D−: Consider leukocyte-reduced or CMV-seronegative blood products.


            The Third International Consensus Guidelines on the management of CMV in solid organ transplantation advocate both “CMV prophylaxis” and “preemptive therapy” strategies (see chapter 13).

          
        


        
          	
            BK surveillance following transplant (monitor plasma BK DNA by PCR)

          

          	
            Monthly × 6, then month 9, month 12, and then annually up to 5 y posttransplant

          

          	
            Management of BK viremia is discussed in chapter 13.

          
        


        
          	
            Screening for skin cancer (opinion-based)

          

          	
            Annual dermatology surveillance


            Regular (monthly) self-skin examination


            Patients should be advised to avoid excessive sun exposure, use sunscreen, and wear protective clothing.

          

          	
            Patients with history of actinic keratosis, precancerous skin lesions, or skin cancers: Screening frequency may vary from every 3 to 6 mo depending on cancer types and single vs multiple episodes. Close dermatology follow-up is mandatory.

          
        


        
          	
            Screening for other malignancies

          

          	
            Anogenital cancer screening


            Women >18 y of age should have annual pelvic exam and Papanicolaou test because anogenital cancer is common after transplantation.


            Colorectal cancer screeningc,d


            •    Consider colonoscopy every 5-10 y.


            •    If last screening colonoscopy >5 y before transplant, consider repeat colonoscopy in the first 1-2 y after transplant.


            •    For patients <50 y of age at transplant


            •    First colonoscopy screening at age 50 y or


            •    At age 40 y, if comorbid conditions are present (diabetes, obesity, smoking history, or alcohol use)


            Screening for breast and prostate


            Follow local guidelines for the general population.

          

          	
            The KDOQI guidelines suggest an individualized screening plan for kidney transplant recipient, considering the individual’s past medical and family history, tobacco use, and competing risk for death.

          
        


        
          	
            Routine vaccinations

          

          	
            Recommended vaccinations in the posttransplant period are discussed in chapter 13.


            Live vaccinations are contraindicated posttransplantation.

          

          	
            Most centers restart vaccinations 6-12 mo after transplantation, 3 mo posttransplant for influenza during outbreaks.

          
        


        
          	
            Travel vaccinations

          

          	
            See chapter 13.

          

          	
             

          
        


        
          	
            Drug-drug interaction

          

          	
            See chapter 2.

          

          	
            Clinicians must remain vigilant to drug-drug interactions between immunosuppressants and commonly used drugs.

          
        


        
          	
            Others

          

          	
            Encourage healthy diet and regular exercise.

          

          	
            Management of posttransplant cardiovascular disease, hypertension, diabetes/metabolic disease is discussed in chapter 14.


            Management of mineral and bone disorders is discussed in chapter 11.

          
        

      
    


    Abbreviations: CMV, cytomegalovirus; D+, donor CMV seropositive; D−, donor CMV seronegative; KDOQI, Kidney Disease Outcomes Quality Initiative; PCR, polymerase chain reaction; R+, recipient CMV seropositive; R−, recipient CMV seronegative.


    aRecommendations based on the 2018 Third International Consensus Guidelines on the management of CMV in solid organ transplantation. Practice may vary among centers.


    bSigns and symptoms of CMV DNAemia and CMV disease are discussed in chapter 13.


    cPrenner and Levitsky Am J Transplant. 2017 (recommendations based on literature review).


    dFor increased risk patients (eg, family history of colon cancer in first-degree relative <60 y at diagnosis), follow pretransplant guidelines (see chapter 4).

  


     Follow-up visits at the transplant center every 3 months until the end of the first year and annually thereafter are typically recommended. Community physicians may vary with respect to the degree of comfort in assuming the care of a kidney transplant recipient. Some transplant centers maintain control of the immunosuppression dosing for the life span of the allograft.


     Patients should return to the transplant center for assessment of any significant changes in kidney function and of any new comorbidity.


     If an allograft biopsy is required, it is preferred that this be performed at the transplant center because of the proximity of pathology expertise and a broad range of therapeutic options.


     Contraceptive methods and pregnancy after transplantation


     Fertility can return as soon as 1 to 2 months after transplantation.


     The Centers for Disease Control and Prevention categorizes every form of contraception as “category 2 benefits outweigh risks” in women with an uncomplicated transplantation.


     Stable transplant recipients can be safely offered a wide range of contraceptive options to suit their individualized needs.


     Long-acting reversible contraceptive methods including intrauterine devices (IUDs) and subdermal implants have excellent efficacy; eliminate user error; and, in the case of IUDs, have extremely low or no systemic drug absorption. Although there was a historical concern regarding the association of IUD and infection, more recent studies demonstrated that its use is safe in both immunocompetent and immunocompromised patients.6


     Pregnancy


     Patient must be at least 1 year posttransplant and on stable maintenance immunosuppression (for drug safety in pregnancy, see chapter 2).


     Serum creatinine <2.0 mg/dL, preferably <1.5 mg/dL (Higher creatinine level increases the risk of allograft loss and maternal and fetal complications.)


     No acute rejection episodes in the previous year


     Well-controlled hypertension on minimal antihypertensive regimen


     Minimal or no proteinuria/albuminuria (minimal proteinuria defined as <500 mg/24 h)


     No acute infections that may impact fetal growth and well-being (eg, congenital CMV infection can cause birth defect and/or developmental delays)


     Normal kidney allograft ultrasound


     Breastfeeding and immunosuppressive medications


     Not recommended in patients on calcineurin inhibitors (cyclosporine or tacrolimus), mammalian target of rapamycin (mTOR) inhibitors (sirolimus or everolimus), or azathioprine7


     Mycophenolic acid derivatives (mycophenolate mofetil and mycophenolate sodium): Mycophenolic acid was found in breast milk of rats.7 To date, there has been no clinical data on MPA use and breastfeeding. Authors’ opinion: not recommended


     Animal studies demonstrated that belatacept is excreted in animal milk. Belatacept half-life is 8 to 10 days. Hence, it may require more than a month for the drug to clear from breast milk.8 Due to the lack of clinical safety data on belatacept and breastfeeding, its use is not recommended during breastfeeding. It should also be noted that clinical studies on belatacept and pregnancy are lacking (see chapter 2).


     Male fertility


     Fertility, as assessed by sperm counts, improves in half of patients.9


     There is no increased incidence of neonatal malformations in pregnancies fathered by kidney transplant recipients.9


     Missing immunosuppressant doses, traveling across time zone change


     Missing doses should be taken as soon as possible.


     Doses >6 hours late should not be taken.


     Do not double up missed doses.


     Multiple missed doses greatly increase the risk of developing rejection.


     When traveling, patient should adhere to timing doses with home time zone unless traveling for longer than 7 to 10 days. For prolonged travels, administer medications at the same time of day irrespective of time zone.


     Food safety and the do’s and don’ts: Tables 20-3 and 20-4 provide general food safety guidelines and the do’s and don’ts for kidney transplant recipients.10,11


  
    TABLE 20-3  General Food Safety Guidelines and the Do’s and Don’tsa


    
      
        
          	
            Water and types of foods

          

          	
            Foods that are safe/do’s Wash hands before and after touching foods!

          

          	
            Foods that are not safe/don’ts

          
        


        
          	
            Water

          

          	
            Drink from safe water supplies.


            May drink tap water only if it has been treated at a water purification plant and chlorinated


            Bottled water or use of home water purification system allowed

          

          	
            No well water

          
        


        
          	
            Lettuce, fresh fruits, and vegetables

          

          	
            Must wash lettuce, fruits, and vegetables


            Eat cooked vegetables.

          

          	
            Salad bar


            Caesar salad dressing contains raw eggs and should be avoided.

          
        


        
          	
            Seafood

          

          	
            Well-done

          

          	
            Raw seafood including oysters, clams, sushi, and sashimi


            Lightly steamed seafood such as mussels and snails

          
        


        
          	
            Poultry, eggs

          

          	
            Well-done

          

          	
            Raw or undercooked eggs

          
        


        
          	
            Beef, veal, lamb, pork

          

          	
            Medium or well-done (cooking temperature 160°-170°F)

          

          	
            Rare or medium rare

          
        


        
          	
            Ground meat and meat mixture

          

          	
            Beef, veal, lamb, and pork cooking temperature: 160°F


            Turkey and chicken: 165°F

          

          	
             

          
        


        
          	
            Hot dogs, luncheon meats, and deli meats

          

          	
            Reheat to steaming hot or 165°F.

          

          	
            Unheated hot dogs, luncheon meats, and deli meats

          
        


        
          	
            Miscellaneous

          

          	
            •    Glucosamine/chondroitin


            •    Hard or processed cheeses, mozzarella cheese, cream cheese, soft cheeses made from “pasteurized milk” only


            •    Fully cooked hams packaged at a USDA-inspected plant: Reheat to 140°F. Fully cooked ham that has been repackaged at any other location or leftover fully cooked ham: Reheat to 165°F.

          

          	
            Insufficiently cooked meat drippings


            High-risk food from buffets (eggs, cream dishes)

          
        


        
          	
            Commonly used herbals that may have an immune-stimulating effect

          

          	
             

          

          	
            Ginseng, licorice, alfalfa sprouts, astragalus (also discussed in chapter 17)

          
        


        
          	
            Probiotics (see chapter 17)

          

          	
            Safety and efficacy must be evaluated for each strain or strain combinations. Most studies were done on Lactobacillus and Bifidobacterium strains.


            Their use should be avoided the first posttransplant month due to the potential for bacterial translocation.


            Avoid Saccharomyces boulardii (its use has been linked with fungemia).

          
        


        
          	
            Cannabis (marijuana)

          

          	
            Ingested cannabis products can induce cytochrome P450 (CYP3A4) inhibition. When inhaled, this interaction does not occur, but the infectious risk is higher due to fungal contamination. Authors’ opinion: Avoid in the transplant settings, unless medically indicated and benefits outweigh risks (see chapter 19).

          
        


        
          	
            Turmeric curcumin

          

          	
            Potential herb-drug interaction


            Known interaction with anticoagulants and antiplatelets


            Not regulated by the USDA-FDA. Authors’ opinion: Avoid in the transplant settings.

          
        

      
    


    Abbreviations: FDA, U.S. Food and Drug Administration; USDA, U.S. Department of Agriculture.


    aSee Table 20-4 for USDA-FDA recommended safe minimum internal temperature of cooked food.

  


  
    TABLE 20-4  U.S. Department of Agriculture and U.S. Food and Drug Administration Recommended Safe Minimum Internal Temperature of Cooked Food


    
      
        
          	
            Use a food thermometer!

          
        


        
          	
            145°F (63°C)


            Beef, pork, veal, lamb, steaks, roasts, and chops with 3-min rest time

          

          	
            145°F (63°C)


            Fish

          

          	
            160°F (71°C)


            Any ground meat (beef, pork, veal, lamb)

          

          	
            160°F (71°C)


            Egg dishes

          

          	
            165°F (74°C)


            Turkey, chicken and duck whole, pieces and ground

          
        

      
    


    Source: https://www.fda.gov/downloads/Food/FoodbornEillnessContaminants/UCM312793.pdf.

  


     Dental prophylaxis against infective endocarditis


     Routine dental prophylactic antibiotic is not required and not supported by current guidelines.


     The American Heart Association (AHA) supports antibiotic prophylaxis (Class IIa recommendations) before dental procedures that involve manipulation of gingival tissue or the periapical region of teeth or perforation of the oral mucosa in patients with the following conditions12:


     Prosthetic cardiac valves, including transcatheter implanted prostheses and homografts


     Prosthetic material used for cardiac valve repair, such as annuloplasty rings and chords


     Previous infective endocarditis


     Unrepaired cyanotic congenital heart disease or repaired congenital heart disease, with residual shunts or valvular regurgitation at the site of or adjacent to the site of a prosthetic patch or prosthetic device


     Cardiac transplant with valve regurgitation due to a structurally abnormal valve


     Note: AHA definition of Class IIa recommendations11: Class II (strength): reasonable, can be useful/effective/beneficial. Level A (quality): high-quality evidence from more than one randomized controlled trial (RCT), meta-analyses of high-quality RCTs, one or more RCTs corroborated by high-quality registry studies


     Potential exposure to infectious agents: chickenpox/varicella or herpes zoster, influenza, tick bite, cat or dog bites (see chapter 13)
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