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 Background: Morbidity and mortality rates are high for patients returning to dialysis after renal graft failure. Keeping failed 
kidney transplants in situ with concomitant minimization or withdrawal of immunosuppression is standard 
of care in many transplant centers. It is unclear, however, whether the resulting allospecific immune response 
can cause a microinflammatory milieu. The present work investigated the impact of allograft nephrectomy on 
systemic inflammation, erythropoiesis, and donor-specific antibodies (DSA).

 Material/Methods: We performed a retrospective analysis evaluating C-reactive protein (CRP), hemoglobin concentration (Hb), fer-
ritin, iron substitution dosages, erythropoietin dosages, and DSA in 92 transplant recipients with allograft fail-
ure, of whom 49 did not (Group A) and 43 did undergo transplant nephrectomy (Group B). Blood samples and 
clinical data were obtained 3-6 months after returning to dialysis. We additionally assessed outcome of kidney 
re-transplantation in a 10-year follow-up.

 Results: There was no significant difference in Hb concentrations, ferritin concentrations, CRP concentrations, iron, and 
EPO substitution dosages between the 2 groups. Patients undergoing nephrectomy had a significantly high-
er prevalence of DSA (65.1% vs 38.8%, P<0.0001). In the 10-year follow-up, 3 patients (12%) of Group B and 
none in Group A had allograft failure after primary successful re-transplantation.

 Conclusions: Keeping a kidney graft in situ after returning to dialysis did not lead to an increase in microinflammation. 
Although DSA develops in more than 50% of patients after an allograft nephrectomy, the outcome of a renal 
re-transplantation seems to be unaffected. Thus, both strategies are feasible options in kidney transplant re-
cipients after return to dialysis.

 Keywords:	 Immunization	•	Inflammation	Mediators	•	Kidney	Transplantation

 Full-text PDF: https://www.annalsoftransplantation.com/abstract/index/idArt/935625

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Medical Department I, Universitätsklinikum Marien Hospital Herne, 
Ruhr-University of Bochum, Herne, Germany

2 Institute for Transfusion Medicine, Transplantation Diagnostics, University of 
Duisburg-Essen, University Hospital Essen, Essen, Germany

3 Department of Surgery, University Hospital Knappschaftskrankenhaus Bochum, 
Ruhr-University Bochum, Bochum, Germany

 2204   2   2   14

e-ISSN 2329-0358
© Ann Transplant, 2022; 27: e935625

DOI: 10.12659/AOT.935625

e935625-1
Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE] 
[Chemical Abstracts] [Scopus]

ORIGINAL PAPER

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

https://orcid.org/0000-0002-9642-1154
https://orcid.org/0000-0001-7386-6495


Background

Kidney transplantation is the criterion standard treatment for 
patients with end-stage renal disease (ESRD). It improves both 
quality of life and survival [1,2]. Patients who return to dialy-
sis after graft loss (DAGL) have a significantly higher mortali-
ty rate compared to those awaiting their first renal transplan-
tation [3]. A second transplantation improves survival among 
patients with allograft failure, but only 15% of these patients 
undergo re-transplantation [4].

The reasons underlying adverse outcomes in DAGL are in-
completely understood [5,6]. In this context, it remains un-
clear whether removal of the failed renal transplant improves 
outcome.

In many transplant centers it is common practice to keep the 
failed graft in situ with reduced immunosuppression, such as 
steroid monotherapy, unless there are clinical signs of mani-
fest rejection like pain or fever. It may be hypothesized, how-
ever, that keeping the failed graft in situ can induce a chron-
ic inflammatory state leading to elevated C-reactive protein 
(CRP), erythropoietin-resistant anemia, hypalbuminemia, or el-
evated serum ferritin concentrations [7,8]. Thus, preliminary 
data suggest that the presence of a failed allograft is indeed 
associated with hypalbuminemia [8,9]. Allograft nephrectomy 
can thus ameliorate inflammation and improve erythropoie-
sis. Generally, inflammation impairs erythropoiesis by hepci-
din-dependent reduction of iron availability and by reducing 
the production and activity of erythropoietin [10]. To date, 
however, there are insufficient data to support this hypothe-
sis for patients with DAGL. There are few reports on laborato-
ry parameters of inflammation and on iron and erythropoie-
tin supplementation.

On the other hand, leaving the transplant allograft can improve 
the occurrence of de-novo donor-specific antibodies (DSA) [11]. 
One reason might be the removal of the adsorbing donor tis-
sue (the sponge hypothesis), and another reason is the mini-
mization of withdrawal of immunosuppression despite persist-
ing antigen presentation. Moreover, graft nephrectomy is an 
invasive procedure with a risk for complications. Thus, there 
is an urgent clinical need to compare the potential benefits 
regarding inflammation and erythropoiesis to the risks of the 
surgical procedure and DSA formation.

In this study, we examined the hypothesis that failed kidney 
allografts that are left in situ are associated with a chronic in-
flammatory state leading to impaired erythropoiesis [2,6]. To 
address this issue, we compared parameters of inflammation, 
erythropoiesis, and prevalence of DSA in patients with persist-
ing failed kidney allografts vs patients who underwent graft 
nephrectomy after return to dialysis. Moreover, we assessed 

outcomes of kidney re-transplantation in a 10-year follow in 
the 2 groups.

Material	and	Methods

Patients and Design

We performed a retrospective observational study of renal 
transplant recipients in the outpatient clinic of the transplant 
center of Ruhr-University Bochum, Germany.

We reviewed our electronic patient record data system for re-
nal allograft recipients. We included patients who were age 
³18 years, underwent kidney transplantation, and returned 
to DAGL between January 1, 2000 and December 31, 2019. 
Exclusion criteria were active malignancy and death within 
90 days after renal allograft failure. According to the center’s 
standard, patients underwent graft nephrectomy if allograft 
failure occurred <3 months after transplant or later in case of 
clinical signs of rejection (eg, pain, fever), transplant vascu-
lar thrombosis, or biopsy-proven necrosis of the transplant.

We divided our cohort retrospectively into 2 groups. Group A 
comprised transplant recipients with the allograft remaining in 
situ after return to dialysis. Group B comprised patients who 
underwent transplant nephrectomy in this situation. Group A 
contained 49 patients and Group B contained 43. Forty-three 
patients underwent re-transplantation after return to dialysis. 
As a secondary endpoint, we assessed outcome of kidney re-
transplantation in a 10-year follow-up in this cohort.

Collection of Laboratory and Clinical Data

Laboratory data were collected 3-6 months after returning to 
dialysis or after nephrectomy. Median time to nephrectomy was 
3 months after return to dialysis. Laboratory data included the 
following: serum CRP, hemoglobin (Hb) levels, ferritin, eryth-
ropoietin dose, and iron supplementation. All laboratory mea-
surements except HLA analyses were performed in the central 
laboratory of Knappschaftskrankenhaus Bochum according to 
manufacturer’s instructions. In those subjects undergoing al-
lograft nephrectomy, an additional laboratory assessment was 
conducted prior to the surgical procedure.

Assessment and Quantification of HLA Antibodies and 
Assignment as DSA

All patient sera were analyzed for the presence of antibodies 
using the standard lymphocytotoxicity test (complement-depen-
dent cytotoxicity, CDC) in combination with Luminex™-based 
antibody screening for HLA class I and class II. For the detec-
tion of cytotoxic anti-HLA antibodies, the CDC test according to 
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Terasaki [12] was performed using an in-house panel of fresh-
ly prepared lymphocytes. Dithiothreitol (DTT)-resistant posi-
tive reactions were attributed to IgG antibodies. In a broadly 
accepted step-by-step analysis, all sera were first analyzed for 
the presence of anti-HLA class I and II IgG antibodies using the 
LABScreen™ Mixed beads assay (One Lambda/Thermo Fisher). 
Only in case of LABScreen™ Mixed positivity for class I and/or 
class II, the sera were subsequently analyzed using LABScreen™ 
SAB (One Lambda/Thermo Fisher). The SAB assay uses beads 
coated with single HLA specificities and enables the identifica-
tion of IgG alloantibody specificities against HLA-A, -B, -C, -DR, 
-DQ, and -DP antigens. Both assays were performed accord-
ing to the manufacturer’s instructions, with no modification 
of the protocol. Samples were measured on Luminex™ 100 or 
200 machines and analyzed using HLA Fusion software (One 
Lambda/Thermo Fisher). The positive cutoff value for mean 
fluorescence intensity (MFI) in the SAB assay was set as high-
er than 1000. To address a potential effect of interfering an-
tibodies or prozone effects on our MFI analysis, all sera were 
tested after EDTA treatment [13].

Statistics

Continuous variables were tested for Gaussian distribution us-
ing the Kolmogorov-Smirnov test. Our data had non-normal dis-
tribution, so we used the Wilcoxon test to examine differenc-
es between groups. Dichotomous parameters were analyzed 
using the chi-squared test (Fisher’s exact test). Transplant sur-
vival in case of re-transplantation in Group A and B was com-
pared by the Kaplan-Meier estimator. All statistical analyses 
were done using SPSS Statistics 25 (SPSS Inc, Chicago, Illinois, 
USA) and Prism 5 (GraphPad Software, La Jolla, California, USA).

Estimation of Necessary Study Size

CRP was used as a primary marker of inflammation. Based on 
laboratory data of our transplant center, we expected a mean of 
1.0 mg/dl with a standard deviation of 0.5 mg/dl in the group 
undergoing allograft nephrectomy. Assuming a 50% higher CPR 
concentration (1.5 mg/dl) in those subjects with the allograft 
remaining in situ, 36 subjects per group were required to de-
tect this difference with a statistical power of 80% and an al-
pha significance level of P<0.05.

Results

We included 92 patients who returned to dialysis after renal 
transplant failure. In 49 patients, transplant allograft was left 
in situ (Group A). Forty-three patients underwent transplant 
nephrectomy for the above-mentioned indications (Group B). 
In 43 patients, nephrectomy was performed for a mean pe-
riod of 55 months after transplant: in 16 (37.2%) for clinical 

signs of rejection, in 15 (34.9%) for vascular thrombosis, and 
in 11 (25.6%) for other reasons, including biopsy-proven al-
lograft necrosis. Groups did not differ in terms of sex or age. 
Table 1 summarizes the characteristics of Group A and Group 
B, including epidemiological data, transplant data, immuno-
suppression, and inflammatory and immunological parame-
ters. Laboratory values were obtained 3-6 months after return 
to dialysis in Group A and 3-6 months after return to dialysis 
and nephrectomy in Group B. In Group B, additional laborato-
ry data were retrieved before nephrectomy (Table 2).

Immunosuppression was completely withdrawn after nephrec-
tomy and reduced in all recipients with allografts remaining 
in situ. Thus, 16 patients were on monotherapy and 18 pa-
tients (36.7%) were on dual immunosuppressive therapy. 
Immunosuppression with 5 mg prednisolone was prescribed 
in 35 patients and low-dose CNI in 16 patients.

Figure 1 describes CRP concentrations and DSA in patients 
with and without allograft nephrectomy. CRP concentrations 
did not statistically differ in these groups (P>0.05, Figure 1A). 
DSA were detected in significantly more patients of Group B 
than of Group A (65.1% vs 38.8%; P<0.01; Figure 1B).

Moreover, there was no significant effect of allograft nephrecto-
my on erythropoiesis. Thus, neither hemoglobin concentrations 
nor erythropoietin dosages differed significantly in the 2 groups 
(Figure 2A, 2B). Erythropoietin dosages, however, tended to be 
higher in Group A. Iron substitution dosages and ferritin con-
centrations were comparable in the 2 groups (Figure 2C, 2D). 
Table 1 provides the numerical data of all these parameters.

In summary, there was no statistically significant difference in 
markers of inflammation and erythropoiesis. Patients with al-
lograft remaining in situ, however, needed more doses of eryth-
ropoietin, without reaching statistical significance.

An additional longitudinal analysis in Group B investigated po-
tential changes of the laboratory parameters before and af-
ter nephrectomy. CRP, hemoglobin, and ferritin concentrations 
as well as erythropoietin and iron doses did not significant-
ly change from baseline to follow-up (P>0.05 each; Table 2). 
The proportion of subjects with DSA, however, was higher af-
ter nephrectomy than before (P<0.001).

In Group B, 25 (58.1%) of the patients underwent re-transplan-
tation, and in Group A there were 18 (36.7%) such patients. All 
transplantations were primarily successful. Kaplan-Meier analy-
ses revealed a comparable 10-year allograft survival with 3 pa-
tients of Group B and none in Group A having allograft failure.

One of the 3 patients lost his allograft by interstitial nephritis 
(the first transplant was lost by rejection), the other 2 patients 
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lost both the first and the second allograft by biopsy-proven 
rejection episodes.

Discussion

The present work provides the first systematic analysis on 
the effects of nephrectomy after allograft failure regarding 
parameters of microinflammation, renal anemia, and the de-
velopment of DSA.

Our findings do not support the hypothesized induction of an 
inflammatory state due to the presence of alloantigens in pa-
tients with substantially reduced or withdrawn immunosup-
pression [6,8]. Chronic inflammation yields an increase in fer-
ritin and impairs iron resorption and mobilization from iron 
storages in the liver and reticulo-histiocytic system. Thereby, 
it affects erythropoiesis and leads to anemia, with increased 
ferritin and reduced transferrin serum concentrations [14]. 
Our results show no differences in ferritin concentrations or 
hemoglobin concentrations. Of note, hemoglobin and ferritin 

Transplant in situ 
(n=49)

Tx-Nephrectomy 
(n=43)

P

Age (years)  56.3±18.4  54.0±11.3 0.23

Time until transplant failure (months)  125±24  24.5±34.7 <0.001

Live donor transplantation (%)  6 (12.3%)  5 (11.6%) 0.93

CRP (mg/dl)  0.82±0.24  1.12±0.31 0.21

Donor specific antibodies (DSA)  19 (38.8%)  28 (65.1%) 0.01

Hb (ml/min)  11.57±0.35  11.83±0.26 0.46

EPO (IE)  6204±1077  4395±1809 0.10

Eisen (mg/Week)  31.46±12.3  47.91±16.45 0.18

Ferritin (ug/l)  387.6±75.12  475.9±88.25 0.25

Immunosuppression

Dual immunosuppression  18 (36.7%)  0 (0.0%) 0.99

Mono immunosuppression  16 (32.7%)  0 (0.0%) 0.99

Cause of renal failure

Diabetic nephropathy  12 (24.5%)  12 (27.9%) 0.71

Glomerulonephritis  14 (28.6%)  11 (25.6%) 0.74

Hereditary dysplasia/reflux  6 (12.2%)  6 (14.0%) 0.80

Polycystic kidney disease  4 (8.2%)  0 (0.0%) 0.05

Benign nephrosclerosis  2 (4.1%)  2 (4.7%) 0.89

Alport syndrome  3 (6.1%)  0 (0.0%) 0.09

Interstitiell nephritis  1 (2.0%)  2 (4.7%) 0.48

Other causes  7 (14.3%)  10 (23.3%) 0.27

Re-transplantation  18 (43.0%)  25 (58.1%) 0.04

Rejections in first year after re-transplantation  12 (80.0%)  3 (20.0%) 0.11

Creatinine (mg/dl) in first year after re-transplantation (mg/dl)  1.69±0.83  1.28±0.41 0.08

GfR (ml/min) in first year after re-transplantation  46.71±14.0  50.6±8.9 0.36

Table 1. Study population.

Numeric data are presented as mean and standard deviation. Numeric data were tested for statistically significant differences using 
Mann-Whitney-U Test and Fisher’s exact test. P<0.05 was regarded statistically significant.
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Before nephrectomy After nephrectomy P

Donor specific antibodies (DSA)  10 (38.8%)  28 (65.1%) 0.01

CRP (mg/dl)  0.82±0.24  1.12±0.31 0.21

Hb (ml/min)  11.57±0.35  11.83±0.26 0.46

EPO (IE)  6204±1077  4395±1809 0.10

Ferritin (ug/l)  387.6±75.12  475.9±88.25 0.25

Eisen (mg/Week)  31.46±12.3  47.91±16.45 0.18

Table 2. Group B.

Numeric data are presented as mean and standard deviation. Numeric data were tested for statistically significant differences using 
Mann-Whitney-U Test and Fisher’s exact test. P<0.05 was regarded statistically significant.
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concentrations are substantially affected by iron and erythro-
poietin supplementation in transplant patients after return to 
dialysis. Therefore, substitution dosages were analyzed as well. 
Both dosages were not significantly different in the 2 groups. 
Thus, an in-situ allograft did not evoke a significant impairment 
of erythropoiesis in our study as hypothesized [9]. The trend 
to numerically lower erythropoietin dosages in patients who 
underwent allograft nephrectomy should be reinvestigated in 
larger study populations. It appears possible that in situ trans-
plants have a minor inhibitory effect on erythropoiesis that did 
not reach statistical significance due to the small study size.

Thus, the present analysis could not confirm the postulation 
that patients with a failed renal allograft in situ are at a high-
er risk for developing a chronic inflammatory syndrome. The 
higher prevalence of DSA, however, could constitute another 
argument for transplant nephrectomy for those patients un-
dergoing a further transplantation. In this context, our study 
confirms previous reports on a higher prevalence of DSA in 
case of allograft nephrectomy [11]. This finding was observed 
in both the cross-sectional primary investigation and the lon-
gitudinal observation of those subjects undergoing nephrec-
tomy. The most probable explanations for this finding are 
that an in-situ transplant provides binding capacity for circu-
lating antibodies and the withdrawal of immunosuppression 
after nephrectomy.

In a secondary analysis, we analyzed allograft survival in those 
43 patients with re-transplantation after allograft failure. 
Despite a higher risk of allosensitization, patients in Group 
B were more likely to be re-transplanted. Transplant survival 
was comparable in patients with and without prior nephrecto-
my of the first allograft in a 10-year follow-up. Hence, keeping 
a failed allograft in situ did not induce a microinflammatory 
state leading to impaired erythropoiesis, nor did it impair the 
success of re-transplantation. The present study thereby in-
dicates that both strategies are feasible options for patients 
who return to dialysis after transplant failure, independent of 
a potential re-transplantation.

The present analysis is limited by several aspects. First, the 
present work is limited by its retrospective character. Thus, a 
bias by indication cannot be excluded and the findings have 
to be interpreted with caution. The well-matched groups, how-
ever, reduced this bias as far as possible. Secondly, the sam-
ple size was small. Even in a large transplant center, however, 
it is difficult to define 2 well-matched cohorts with compara-
ble age and comorbidities. The present findings should there-
fore be confirmed in a larger cohort in a multi-center design.

In light of the findings of this analysis, we decided to define 
minimization of immunosuppression to 5 mg prednisolone af-
ter allograft failure as standard of care in our center. Those pa-
tients who present clinical signs of rejection like pain or fever 
undergo nephrectomy. If there are no signs of clinical rejec-
tion, the allograft remains in situ. Patients welcome this ap-
proach, since they benefit from the remaining diuresis and do 
not have to undergo a further surgical procedure.

Conclusions

Keeping a kidney graft in situ after returning to dialysis did 
not lead to an increase in microinflammation or impairment 
of erythropoiesis. DSA, however, occurred more often after 
transplant nephrectomy. With the limitations of its retrospec-
tive character and small sample size, this study implies that 
both keeping the transplant in situ and transplant nephrec-
tomy are feasible options in kidney transplant recipients af-
ter return to dialysis.
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