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Abstract

Since the introduction of simultaneous liver-kidney transplantation (SLKT) in the 1960’s, the 

potential for immunological protection from the liver allograft to a simultaneously transplanted 

kidney has been recognized. Due to expanded indications and changes in allocation policies, 

there has been increased utilization of SLKT. Despite growing experience, a lack of consensus 

exists regarding the extent of the liver’s immunological privilege, the role for donor specific 

HLA antibody (DSA) and crossmatch testing, and appropriateness of modern immunosuppression 

protocols in SLKT recipients. This review provides a detailed analysis of SLKT outcomes 

in the context of these factors, suggesting that while the liver can reduce the incidence of 

antibody-mediated rejection, attention should be given to liver allograft function, previous failed 

transplants, and other risk factors in pretransplant risk assessment. Current methods of DSA 

and crossmatch testing in SLKT are also discussed, and the role of specific DSA (high mean 

fluorescence intensity antibody, C1q+ binding) and their potential importance in posttransplant 

risk assessment are examined. Finally, trends in SLKT immunosuppression are discussed, 

including the use of nondepleting agents for induction and de-escalating use of steroids for 

maintenance immunosuppression. Ongoing research including multicenter and/or randomized 

trials will be necessary to optimize immune-related outcomes in SLKT recipients.

Introduction

After early reports of simultaneous liver-kidney transplantation (SLKT) in the 1960s, 

transplant physicians began to recognize that the liver allograft could “protect” a 
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simultaneously transplanted kidney from rejection and subsequent failure, leading to more 

frequent practice of the procedure.1,2 The implementation of the Model for End-Stage 

Liver Disease (MELD) criteria for liver graft allocation in 2002 led to another surge in 

the incidence of SLKT by greater than 500%.3 As more SLKTs have been performed, 

ongoing research and debate on multiple aspects of the procedure, including outcomes, 

donor-specific HLA antibodies (DSA) and crossmatch testing, and immunosuppression (IS) 

protocols has ensued. The precise nature and extent of the immunological privilege provided 

to the kidney by the liver has been a topic of interest, especially when placed in the context 

of DSA and crossmatch testing. Furthermore, the use of immunosuppressive regimens, in 

terms of induction and maintenance steroid use, has faced escalating scrutiny.

A lack of consensus in SLKT management protocols has led to center-to-center variability 

in anti-HLA testing (e.g. occurrence, result significance in risk assessment, timing, 

and repetition) and immunosuppressive regimens (both induction and maintenance).4,5,6 

The broader role for crossmatch, DSA testing pretransplant and posttransplant, and 

immunosuppression approaches has not been established for SLKT. To understand the 

contemporary practice of SLKT, this review has been prepared, focusing on the following 

subtopics:

1. Overview of DSA, crossmatch testing, and immunosuppression in liver and 

kidney transplantation.

2. Positive crossmatch, DSA, and immunosuppression regimens and their potential 

to negatively impact SLKT outcomes.

3. Reassessing the impact of positive crossmatch, DSA, and immunosuppression 

regimens on SLKT outcomes.

4. Reconciling the evidence for DSA, crossmatch testing, and IS regimens in 

SLKT.

5. Recommendations for future studies.

Methods of Review

A literature review was conducted in order to find current and past articles pertaining to 

SLKT outcomes when factoring in preformed and de novo DSA, crossmatch testing, and 

immunosuppression regimens. The purpose of this search was to gain an understanding of 

how the paradigm around SLKT outcomes has shifted since the procedure’s conception in 

light of these other factors. Google Scholar and PubMed databases were searched using 

a mixture of the following keywords: simultaneous liver kidney transplantation, DSA, 

crossmatch, induction and maintenance immunosuppression, transplant outcomes, antibody 

testing, transplant failure, graft rejection, HLA, corticosteroid therapy, and transplant 

guidelines. References from each article were also reviewed to identify additional relevant 

articles. The search was completed between May-September 2020.
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Section 1: Overview of DSA, crossmatch testing, and immunosuppression in liver and 
kidney transplantation.

Anti-HLA antibody and crossmatch testing techniques have evolved through the past 

half century, in parallel with the expansion of clinical solid organ transplantation. The 

assessment of HLA compatibility between an organ donor and recipient is paramount to 

the optimization of posttransplant outcomes.7,8 For kidney transplant candidates, the serum 

is first tested for the presence of ‘panel reactive antibodies’ (PRA), originally based on 

a panel of 60–100 individuals with unique, known HLA profiles that represent the level 

of sensitization existing pretransplant. A high pretransplant PRA (reported as a percent) is 

associated with a lower likelihood of being matched with a suitable donor. This method 

has been refined by the use of calculated PRA (cPRA), whereby recipient HLA frequencies 

are entered into the Organ Procurement and Transplantation Network (OPTN) system, and 

the likelihood of donor-recipient incompatibility is calculated based on HLA types found 

in more than 12 000 donors.9 Preexisting anti-HLA antibodies in the candidate can be 

detected through solid phase technology, whereby their serum is incubated with screening 

beads coated with purified HLA molecules and combined with an anti-IgG antibody, whose 

signal is measured by either flow cytometry or a Luminex analyzer.10 Each bead may be 

coated with a single recombinant HLA antigen (‘single antigen beads’ or SAB) or with a 

cluster of native class I or II antigens purified from transformed B cell lines.11 These solid 

phase assays have the capability to rapidly determine the existence, specificity, and potential 

strength of the HLA antibodies within the recipient serum.

In terms of the crossmatch, there are 2 main assays: Complement-Dependent Cytotoxicity 

(CDC) and flow cytometry (Figure 1). The CDC crossmatch is a cell-based assay 

that involves mixing recipient serum with donor lymphocytes, followed by exposure to 

complement and a vital dye to visualize a potential cytotoxic reaction. A ‘positive CDC 

crossmatch’ results if there is cellular lysis of donor cells due to recipient derived, 

complement-fixing antibodies. The flow cytometry crossmatch (FCXM) involves incubating 

donor lymphocytes with recipient serum, followed by fluorescein-labelled anti-IgG that will 

specifically bind to and identify T and B cells that are bound with recipient antibody. A 

‘positive flow cytometry crossmatch’ results if there is a MESF (molecules of equivalent 

soluble fluorochrome) shift beyond a predetermined threshold. In terms of sensitivity, 

the flow cytometry method is more reliable, detecting around 80% of DSA.12 A third 

option, the so called ‘virtual crossmatch,’ involves the comparison of recipient anti-HLA 

antibodies detected by solid phase technology (as described previously) against HLA 

antigens expressed by the prospective donor. A virtual crossmatch is interpreted as ‘positive’ 

if the detected anti-HLA antibodies meet thresholds that are predictive of an adverse 

immunologic response. Depending on the degree of resolution of HLA typing, the virtual 

crossmatch may be a superior method of crossmatching in that it can be completed quickly 

and can quantitatively identify particular DSA as a measure of MFI, especially HLA Class 

II DSA, which has been more closely associated with negative transplant outcomes (Table 

1).12 The results of these crossmatch tests are interpreted in the context of both T- and 

B-cells, which is significant as T-cells express mainly HLA Class I, while B-cells, in virtue 

of their capacity as antigen presenting cells, express both HLA Class I and Class II.10
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In kidney transplantation, antibody-mediated rejection (AMR) is the leading cause of graft 

loss and dysfunction, with both preexisting and de novo DSA being linked to acute and 

chronic rejection.13,14 AMR in kidney transplantation is manifested through microvascular 

inflammation (glomerulitis and peritubular capillaritis) rich in cells of the innate immune 

system. Because this inflammation is not controlled effectively by the current IS agents 

that target lymphocytes, the best option is the avoidance of high DSA titers and positive 

crossmatch. It is therefore no surprise that DSA and crossmatch testing is widely used in 

the pretransplant and posttransplant assessment of kidney graft recipients as well as kidney 

allocation schemes. On the other hand, the liver is well known for its unique immunologic 

privilege mediated by a multitude of mechanisms, including Kupffer cell elimination of 

immune complexes, regeneration aided by its vast endothelial surface area, and diminished 

endothelial expression of MHC Class II antigens (summarized in Figure 2).15 Accordingly, 

DSA and crossmatch testing is not routinely considered for liver transplant candidates due to 

the rarity of acute AMR and graft loss in this population.16,17

Typical immunosuppression protocols following kidney and liver transplants accommodate 

their respective immunologic risk. Liver transplant alone (LTA) patients often require less 

rigorous immunosuppressive regimens following transplant when compared to other solid 

organ recipients.6,18 Early cellular rejection episodes in LTA patients mandate significantly 

less immunosuppression compared to similar episodes in KTA patients.19 Furthermore, 

approximately half of LTA patients do not receive any induction immunosuppression at the 

time of transplant, in contrast to the widespread use of nondepleting (interleukin-2 receptor 

antagonist (IL2RA)) and depleting (rabbit antithymocyte globulin (r-ATG)) agents in KTA 

patients.18,20 The conservative employment of induction agents for LTA has been driven 

in part by the well-recognized risk for serious infections and malignancies with depleting 

induction therapy.21

When considering SLKT, the relative risks and approaches to immunosuppression for each 

organ have lead to heterogenous practice patterns. Since the procedure’s conception by 

Sir Royal Calne in the 1960’s, numerous studies have demonstrated the liver’s ability to 

convey immunologic tolerance to kidney grafts transplanted from the same donor.1,2,22,23,24 

What remains a topic of controversy is the extent of this conferred protection as it pertains 

to preformed and de novo DSA, the impact of positive crossmatch testing, and choice of 

induction and maintenance immunosuppression.

Section 2: Positive crossmatch, DSA, and immunosuppression regimens and their 
potential to negatively impact SLKT outcomes.

The initial human SLKT studies performed after Calne’s experiments demonstrated 

decreased renal rejection episodes and improved kidney graft survival, postulating 2 main 

methods of liver immunologic protection: reversal of pretransplant positive crossmatches 

to negative crossmatches after the procedure and resorption of preformed DSA in the 

recipient serum (Figure 2).2,24 These studies provided early evidence that the presence of 

the accessory liver graft could increase the likelihood of good immunologic outcomes in the 

kidney.
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As continued exploration of SLKT occurred, a second epoch of studies with a different tone 

emerged, suggesting that positive DSA and crossmatch results before or after the procedure 

could be associated with worse kidney outcomes. A 2013 analysis of 86 SLKT recipients 

by O’Leary et al reported an increased risk of kidney graft loss, liver graft loss, and overall 

mortality in patients with preformed Class II DSA.25 These results were complemented by 

studies showing a rapid decline in Class I DSA titers post-SLKT with persistence of Class II 

DSA, suggesting that the liver favors the absorption of HLA Class I antibodies.26 It has been 

hypothesized that this differential clearance can be attributed to the divergent expression 

of Class I and Class II HLA within liver allograft.26 Tissue HLA distribution studies after 

liver transplantation have demonstrated greater expression of Class I than Class II HLA on 

allograft hepatocytes.27

In the setting of the crossmatch, similar studies have suggested that patients who test 

positive prior to the combined liver-kidney transplant may be more susceptible to negative 

graft outcomes than those who test negative. A single-center SLKT study by Ong et al 

reported that the 3-year posttransplant survival rate in positive flow cytometry crossmatch 

patients was 71%, compared to 85% for negative flow cytometry crossmatch patients.28 

Furthermore, the incidence of acute kidney rejection in the positive crossmatch cohort was 

28%, in contrast with 10% in the negative crossmatch cohort.28 The presence of a strongly 

positive FCXM (mean channel shift 4 times above the positive cut-off) along with the 

presence of multiple high MFI (>10 000) DSA was also associated with graft dysfunction 

and loss.28 A registry study of 2484 post-SLKT patients found that allosensitization was 

associated with a 16% higher rate of kidney allograft loss and a 20% higher rate of mortality, 

although it was noted that this analysis was biased in its data collection.29,30

These studies suggested that the liver may not be as immunologically protective as was 

previously believed. It must be emphasized, however, that these studies had limitations. For 

one, the immunosuppressive management protocols were not standardized and not based on 

currently accepted regimens. O’Leary et al reported that at 3 months posttransplant, only 

59% of patients were on tacrolimus, 37% were on cyclosporine, and 96% were receiving 

steroids.25 Additionally, these articles did not factor in other potentially confounding 

parameters like liver allograft status, time on dialysis, and previous transplants, all of which 

commonly impact graft outcomes and patient mortality, resulting in less well-rounded and 

conclusive analyses.

The use of induction and maintenance immunosuppression in the context of SLKT remains a 

topic of discussion as well. For the purpose of SLKT, although there is significant variation 

in immunosuppression regimens between centers, the overall paradigm tends to mirror that 

of LTA rather than KTA in light of the liver’s potential protective effects.6,18 In terms 

of induction immunosuppression, the use of IL2RA for SLKT has rapidly increased in 

the last decade, while r-ATG has remained relatively uncommon.18,31 While the purpose 

of IL2RA use is often to delay introduction of calcineurin inhibitors as part of renal

sparing immunosuppression protocols, recent data have suggested that this approach may be 

unnecessary.32 A multivariate analysis from 2019 reported that no reduction in rejection or 

mortality was observed with the use of induction therapy (r-ATG, IL2RA) in SLKT patients; 
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in fact, administration of r-ATG was associated with a higher risk of mortality than no 

administration.18

A similar picture is painted for maintenance immunosuppression post-SLKT. Although 

there is extensive center-level variation regarding the choice of long-term IS for SLKT 

recipients (particularly in terms of steroid use), the hallmark of SLKT maintenance 

immunosuppression is the calcineurin inhibitor tacrolimus, and the most widespread 

discharge regimen involves triple therapy consisting of tacrolimus, steroids, and an 

antimetabolite.33 A recent registry study examining 4184 SLKT patients found that the 

implementation of steroid-sparing regimens increased in incidence from 16.1% at discharge 

to 88.0% 5-years posttransplant.33 Steroid inclusive regimens at 1-year posttransplant have 

been associated with increased risk of liver failure and patient mortality when compared to 

steroid sparing regimens, with no change in risk of kidney allograft loss.33 These findings 

corroborate previous single-center reports, which have demonstrated more successful results 

following steroid withdrawal in SLKT recipients when compared to KTA patients, with 

no differences in renal allograft function, rejection rates, or overall survival between the 

2 cohorts.34 The implications of these results are especially important in light of the fact 

that infections are the leading cause of death in SLKT patients.35,36 These data suggest that 

it is important to avoid over immunosuppression in SLKT recipients. For both induction 

and maintenance immunosuppression, excessive administration of unnecessary IS may be a 

contributor to, rather than protection against, SLKT morbidity and mortality.

Section 3: Reassessing the impact of positive crossmatch, DSA, and immunosuppression 
regimens on SLKT outcomes.

Contemporary examination of SLKT outcomes has clarified features of the protective 

consequences of simultaneous liver graft transplantation. In a report from Mayo Clinic 

involving 68 patients, the incidence of both acute and chronic alloantibody-mediated injury 

in SLKT recipients was lower in comparison to matched kidney transplant alone (KTA) 

recipients, regardless of pretransplant DSA status.37 Preformed DSA, even at high titers, 

resolved in most SLKT recipients within the first 4 months.37 The only exceptions were 

observed in patients who had dysfunction of the liver allograft. Mechanistic investigations 

by the same group have demonstrated lower peripheral frequencies of alloreactive CD4+, 

CD8+, effector memory, and interferon-γ producing T-cells in SLKT patients when 

compared to KTA patients, suggesting that the presence of a liver allograft from the same 

donor can induce a hypo-responsive alloimmune response in the recipient.38 Furthermore, 

the SLKT procedure has been shown to result in reduced expression of endothelial 

cell activation and inflammation genes and increased expression of tissue integrity and 

metabolism genes within the renal allograft (Figure 2).39 Thus, it is likely that multiple 

beneficial immune-related mechanisms confer protection for the kidney graft following 

SLKT.

In terms of the relative significance of DSA and crossmatch results, recent data has 

suggested that these 2 factors constitute only one component of the total risk stratification 

for a potential SLKT recipient. Piñeiro et al conducted an extensive evaluation of the 

effects of immunological risk factors and comorbidities (positive DSA and crossmatch 
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testing, Hepatitis C infection, time on dialysis, and previous renal transplant) on SLKT 

outcomes and observed that while acute kidney rejection occurred more frequently in 

“high immune risk” patients, overall renal graft function and survival were not impacted.30 

Furthermore, the only “high immune risk” factor that did impact kidney outcomes was 

superimposed immunological burden due to previous kidney transplant.30 The presence of 

pretransplant DSA did not prove to have such an effect, as all Class II DSA disappear or 

decrease significantly on follow up post-SLKT.30 Along the same lines, Leca et al reported 

that although presensitization was associated with a higher rate of acute kidney rejection 

episodes, all rejection episodes were mild and did not have an impact on renal graft function 

overall.40 Most importantly, their sensitized and un-sensitized cohorts had relatively equal 

incidences of Hepatitis C infection, time on dialysis, and previous kidney transplants.30,40 

These contemporary studies are particularly relevant as they took into consideration the 

effects of additional, potentially harmful covariables and suggest that one should take a 

more holistic approach to risk stratification when considering SLKT, rather than focusing 

exclusively on DSA and crossmatch data.

For SLKT immunosuppressive regimens, while prior studies have suggested negative 

outcomes following over immunosuppression, other studies have highlighted the lack of 

effect of IS on patient outcomes. For induction IS, a 2020 registry study found that the type 

of induction immunosuppression, whether T-cell depletion, IL2RA, or no induction, did not 

affect patient mortality or allograft loss.41 These results correspond with previous reports, 

which demonstrate superior kidney transplant outcomes in SLKT patients when compared to 

KTA patients, regardless of induction immunotherapy choice.36,42 In terms of maintenance 

IS, the same 2020 registry study found that the continued use of steroids in long term IS 

may actually be protective against graft failure and patient death.41 The lack of consensus in 

these reports highlights the necessity for randomized trials to gather more conclusive data on 

this topic for SLKT recipients and transplant specialists.

Section 4: Reconciling the evidence for DSA, crossmatch testing, and IS regimens in SLKT

We have outlined the contrasting findings of several studies for DSA and crossmatch results 

and immunosuppression protocols in SLKT. Although it is difficult to draw definitive 

conclusions, differences may be reconciled by looking at the details and aims of these 

specific studies. O’Leary et al, Ong et al, and others found that positive crossmatch 

and preformed DSA were associated with negative SLKT outcomes, including graft loss 

and patient mortality. However, these studies included patients given nonstandardized and 

outdated immunosuppression protocols. Furthermore, they did not consider the impact of 

previous transplants, time on dialysis, liver allograft dysfunction, and other confounding 

variables, which may have been also been elevated disproportionally in the sensitized 

cohort.30 More recent studies by Taner et al and Pineiro et al conducted thorough analyses 

with direct comparisons of outcomes between SLKT and KTA patients in the context of 

DSA and investigations into multiple high-risk factors and their long-term impact. These 

studies conclude that SLKT patients are indeed more immunologically advantaged than 

KTA patients due to the presence of the liver allograft, regardless of similar pretransplant 

DSA status. Several potential mechanisms of liver protection are also outlined, including 

upregulation of anti-inflammatory gene transcription and inhibition of destructive immune 
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cell subsets (Figure 2). Additionally, the significance of DSA and crossmatch assays 

may only be one, perhaps less significant, factor in the larger assessment of SLKT 

vulnerability that includes liver graft status, prior immunologic burden, and dialysis 

longevity. Collectively, these data suggest that a healthy liver allograft, transplanted in the 

context of other low-risk immune factors, has the potential to protect the kidney against 

many of the negative consequences of preformed and de novo posttransplant DSA.

That being said, DSA and crossmatch testing cannot be completely eliminated from 

the pretransplant evaluation. Indeed, DSA with specific, high-risk characteristics may 

be resistant to liver-mediated immunomodulation. A recent retrospective study involving 

86 patients observed an especially high risk of negative outcomes in SLKT recipients 

who developed de novo C1q+ DSA, in terms of both all-cause mortality and composite 

outcomes.43 The incidence of de novo C1q+ DSA development has been suggested to 

be similar in both SLKT and KTA patients, implying that the liver may not provide as 

much protection against this IgG complement binding antibody.43 Although Class I DSA 

is generally considered to be less pathogenic than Class II DSA, a single-center analysis 

linked cases of AMR to multiple high MFI Class I DSA and complement fixing, non-HLA 

IgG antibodies.44 These combined data suggest that the detailed DSA analyses which assess 

potentially higher risk DSA subcategories (Class II, C1q+, high MFI) may still be beneficial, 

especially when assessed with other comorbidities.

In 2016, Schinstock et al outlined a new protocol for alloantibody testing prior to 

kidney transplantation.45 While acknowledging the variability and complexity of solid 

phase and crossmatch assays, this approach used contemporary data to risk stratify AMR 

posttransplant based on several factors including DSA, recent anti-CD20 treatment, the 

presence of auto-antibodies, and corroborative crossmatch testing into low, high, and 

uncertain categories.45 Based on this classification, an algorithm was created to help identify 

the steps that a physician should take following positive solid phase assay or positive 

crossmatch testing in KTA patients.45 Although there are still many knowledge gaps to 

address, this article was an effective first step in creating a guideline for clinical decision 

making. Employing a similar approach in SLKT recipients, assessing the implications of 

positive DSA and crossmatch, along with the effects of comorbidities including HCV status, 

dialysis time, prior transplants as sensitizing events, immunosuppressive therapy, and the 

status and quality of the liver allograft, would be of value. Presently, the clinical impact 

of fluctuating posttransplant DSA in SLKT remains to be determined. Larger, multicenter 

studies have the potential to clarify risk factors and facilitate the subsequent development of 

protocols that will integrate crossmatch and DSA results into SLKT management algorithm.

When considering immunosuppression for SLKT patients, the path forward is less clear. 

The use of nondepleting induction immunosuppression for SLKT has increased over the 

last decade, but recent data demonstrates that this may confer no real benefit and may 

even be harmful to transplant recipients. Corticosteroid therapy in long-term maintenance 

immunosuppression may impact liver allograft loss and patient mortality, especially when 

considering that infections remain the leading cause of death in SLKT recipients. Thus, 

the role for and potential benefit of induction immunosuppression and steroid-based 

maintenance in SLKT remains to be determined.
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Conclusion: Recommendations for future studies

While SLKT outcomes has shifted and continued to improve with time and experience, 

contemporary studies have suggested that the liver is capable of protecting the kidney from 

acute and chronic AMR, even in the presence of both preformed and de novo DSA in most 

cases. It is necessary to further delineate the impact of factors including time on dialysis 

and prior failed transplants as sensitizing events on graft failure and loss and to define their 

role in risk assessment prior to SLKT. Additional consideration should be given to detailed 

DSA and crossmatch analyses, with special attention on potentially high-risk characteristics, 

such as C1q+ complement-binding and high MFI DSA. The SLKT landscape would greatly 

benefit from larger, multicenter studies that clarify the consequences of specific classes 

and characteristics of DSA and risk stratify these factors in the context of the previously 

mentioned considerations. Lastly, the ideal induction and maintenance immunosuppression 

regimen for SLKT has not been established. Furthermore, steroid-sparing regimens have 

become more prevalent as well, which may limit over-immunosuppression in SLKT. 

Controlled trials need to be conducted in order to optimize the regimens in the context 

of SLKT patients, which have unique risk factors when compared to LTA or KTA.
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Figure 1. Crossmatch testing protocols in simultaneous liver-kidney transplantation.
CDC, complement-dependent cytotoxicity; DSA, donor specific antibody; IgG, 

immunoglobulin G; MCS, median channel shift.
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Figure 2. Potential mechanisms of liver allograft immunomodulation for simultaneous kidney 
transplants.
DSA, donor specific antibody; SLKT, simultaneous liver-kidney transplantation.
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Table 1.

Comparison of crossmatch testing methods.46

CDC crossmatch Flow crossmatch Virtual crossmatch

Time 2–4 hours 6–8 hours Minutes

Prospective or retrospective Usually prospective Usually prospective Prospective or retrospective

Sensitivity Low Intermediate High

HLA antibody specificity determined No No Yes

Live cells Required Required Not required

CDC, complement-dependent cytotoxicity.
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