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Background: Red blood cell (RBC) transfusions are frequently required in the early period
after kidney transplantation. However, the consequences of RBC transfusions on long-
term outcomes are largely unrecognized.

Methods: We conducted a nationwide French cohort study involving all 31 French kidney
transplant centers. Patients having received a first kidney transplant between January 1,
2002 and December 31, 2008 were identified through the national registry of the French
BioMedecine Agency (Agence de BioMed́ecine). Number and date of RBC transfusions
were collected from the national database of the French transfusion public service. The
primary endpoint was transplant failure defined as graft loss or death with a functional graft.

Results: Among 12,559 patients included during the study period, 3,483 (28%) were
transfused during the first 14 days post-transplant. Median follow-up was 7.6 (7.5-7.8)
years. Multivariable analysis determined that post-transplant RBC transfusion was
associated with an increased risk in transplant failure (HR 1.650, 95%CI [1.538;1.771]
p<0.0001). Both sensitivity and propension score analyses confirmed the previous result.

Conclusions: Early red blood cell transfusion after kidney transplantation is associated
with increased transplant failure.

Keywords: kidney transplantation, early transfusion, red blood cell, transplant failure, graft loss
INTRODUCTION

Red blood cell concentrates (RBC) transfusions are widely used in the early post-transplant period (1).
The reason being that there is a high prevalence of anemia which is caused by factors such as end-stage
renal disease-associated erythropoietin deficiency, blood loss during surgery, and hemodilution (1).
Also, anemia is a risk factor for death and graft loss after kidney transplantation (2–4).
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Nevertheless, the impact of post-transplant RBC transfusions
on transplant outcomes is less clear. In some studies, post-
transplant RBC transfusion has been associated with the
development of anti-HLA antibodies and antibody-mediated
rejection in pre-sensitized patients (5–9).

However, only limited data suggest that RBC transfusion, per
se, has long-term effects on graft or patient survival (10). A recent
study suggests an association between RBCT and death-censored
graft survival, but some pitfalls, including sample size,
association with a negative control outcome, and too large of a
temporal distribution of RBCT, limit the relevance of its results
(10). Another study did not find an association between
transfusion and graft outcome (11).

To better answer this critical question, we investigated the
association between RBCT and kidney graft outcome in a very
large national cohort linking databases from two national
mandatory registers involving all patients having undergone
kidney transplantation over a seven-year period in France.
MATERIALS AND METHODS

Study Design
We conducted a national longitudinal study to investigate the
association between early post-transplant RBC transfusion and
transplant outcome. All transplant recipients in France are
prospectively included in a mandatory registry (CRISTAL)
administered by the French BioMedecine Agency (Agence de
BioMed́ecine). Detailed patient characteristics were collected
through this registry. Transfusion information was extracted from
the national database of the French transfusion public service
(Etablissement Français du Sang) which collects and prepares
100% of blood products issued in France. This database provides
access to both pre- and post-transplant transfusions information.
The two databases were merged for analyses. The method for
building a single database from the cross of the two initial
databases is described in the Supplementary Methods. This study
was approved by the Committee for Personal Protection Great East
II in Besançon (CPP: 13/07, 2013/02/25), by the Advisory
Committee on Information Processing for Research in the Field
of Health (CCTIRS, 13.138, 2013/03/19), and by French National
Computers and Freedom Commission (CNIL, DR-2013-542, 2013/
11/25).

Patients and Blood Products
Patients were eligible for inclusion if they had received a first
kidney transplant in one of the 31 French transplant centers
between January 1t, 2002 and December 31, 2008. All data were
extracted from the CRISTAL database. All RBC transfusion
episodes that occurred from time of transplantation to 14 days
following transplantation were considered. Patients with a graft
survival of less than 15 days were excluded from analysis.

All RBC concentrates were produced by the Etablissement
Français du Sang and underwent pre-storage deleukocytation
(<1x106 leucocytes/RBC unit). A transfusion episode was defined
as encompassing consecutive transfusions where the interval
Frontiers in Immunology | www.frontiersin.org 2
between RBC transfusions did not exceed 48 hours (most often
1 to 2 RBC). Patients may have received multiple RBC
transfusions from multiple donors.

Study Outcomes
The primary endpoint was the failure free survival defined as the
time between transplantation and transplantation failure. Patients
known to be alive without transplantation failure were censored at
the date of their last follow-up. A transplantation failure event was
defined as graft loss or death in transplantation, whichever occurred
first. A graft loss event was defined by the patient’s return to dialysis
or retransplantation. Death in transplantation is defined by patient’s
death with functional graft. Secondary endpoints were graft and
patient survival. Graft survival was defined as the time between
transplantation and graft loss. The data of graft survival were
censored at the time of death or the last time of follow up for
patients alive without graft loss. Patient survival was defined as the
time between transplantation and death in transplantation. The data
of patient survival were censored at the time graft lost or the last
time of follow up for patients without graft loss.

Statistical Analysis
Median (interquartile range), mean values (standard error),
and frequency (percentage) were provided for continuous
and categorical variables, respectively. Medians, means, and
proportions were compared using Student’s t test and chi-
square test (or Fisher’s exact test, if appropriate), respectively.
Transplantation failure free survival, graft survival, and patient
survival were estimated using the Kaplan-Meier method and
described using median or rate at specific time points with 95%
CI. Follow-up duration was calculated using a reverse Kaplan-
Meier estimation (12). Cox proportional hazard models were
performed to estimate HR and 95%CI for factors associated with
transplant failure, graft failure, and death in transplantation.

The association of 13 baseline parameters with transplant
failure was first assessed using univariate Cox analyses, and then
parameters with p values of less than 0.05 were entered into a
final multivariable Cox regression model, after considering
collinearity among variables with a correlation matrix. When
used continuously in the Cox model, a potential nonlinear
relationship between predictors and transplant failure was first
investigated using the fractional polynomials method to
determine the best transformation for continuous variables and
validated by the restricted cubic splines method with graphical
evaluation (13, 14). The assumption of proportionality was
checked by plotting log minus- log survival curves and by
cumulative martingale process plots. Accuracy of the final
model was verified regarding two parameters: discrimination
and calibration. The predictive value and the discrimination
ability of the final model were assessed with the Harrell’s C-index
(15). Random samples of the population were used to derive 95%
CI bootstrap percentile for the C-statistic. Calibration was
assessed by visual examination of calibration plot. Internal
validation of the final model was performed with a bootstrap
sample procedure (16). To assess potential bias arising from
missing data for parameters involved in the multivariable final
model on their significance (P-value) and estimates (b and its
May 2022 | Volume 13 | Article 854850
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standard error), a multiple imputation procedure with a Markov
chain Monte Carlo method was performed using SAS MI and
MIANALYZE procedure. The final multivariable Cox regression
model for transplant failure was applied to graft loss and death in
transplantation endpoints.

Several sensitivity analyses were performed. A full multivariable
model including all parameters with p values of less than 0.05 in
univariate analysis was undertaken to explore the reliability and the
robustness of the final multivariable model for transplant failure. A
propensity score approach to deal with potential heterogeneity in
baseline characteristics between patients with and without
transfusion in post transplantation was applied to assess the
robustness of the association of post transplantation transfusion
with transplant failure evaluated in the primary Cox
multivariable analysis.

To address the potential confounding effect of unbalanced
factors two methods were used: 1) inverse probability treatment
weighting (IPTW), and 2) propensity score matching (17). HR
and their 95%CI were estimated with the IPTW cox model. The
propensity score matching technique, based on the caliper
method, was performed to select two samples with well-
balanced characteristics at time of transplantation (17).

All analyses were performed using SAS version 9.4 (SAS Institute,
CaryNC) andR software version2.15.2 (RDevelopmentCoreTeam,
Frontiers in Immunology | www.frontiersin.org 3
Vienna, Austria; http://www.r-project.org). P values of less than 0.05
were considered statistically significant, and all tests were two-sided.
Details on the interpretation of important statistical concepts are
given in the Supplementary Methods.
RESULTS

Population Description
TheCRISTALdatabase identified12,945 transplant patients having
received a first kidney transplant between January 1, 2002 and
December 31, 2008, among which 12,559 (97%) patients had a
functional kidney allograft 15 days post-transplant (Figure 1). The
linkagewith theEFSdatabase identified3,483 (28%)patientshaving
received an early post-transplant RBC transfusion. The majority of
patients experienced one transfusion episode (n=2512, 72%), most
often consisting of two RBC units (n=1739, 69%, Figure 1).

Transfused and non-transfused patients differed by several
parameters (Table 1A). Nevertheless, patient follow-up was
similar in both groups (7.8 95% confidence intervals, CI [7.6-8.0]
vs 7.6 95%CI [7.4-7.7]; p=0.1523). Before transplantation, 1,609
patients had undergone transfusion (any history of transfusion),
regardless of transfusion occurrence early after transplantation.
Patients who received RBC after transplantation were more likely
FIGURE 1 | Study patient flow chart. A transfusion episode is defined as consecutive transfusions whose interval does not exceed 48 hours. Patients for whom
follow-up does not reach 14 days post transplantation (post transplantation transfusion study period) are excluded from the study. The Figure also indicates whether
patients received a transfusion in the pre and post transplantation settings.
May 2022 | Volume 13 | Article 854850
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TABLE 1 | Cohort characteristics description: (A) Patient characteristics according to the presence or absence of early post-transplantation transfusions, (B) Patient
characteristics according to the presence or absence of prior transfusion.

A

Characteristics Overall patients (No.
= 12559)

Patients without pre transplantation
transfusion (No. = 10950)

Patients with pre transplantation
transfusion in (No. = 1609)

p-value

Recipient
Agea, year, mean (SD) 49.1 (13.3) 48.4 (13.2) 51.1 (13.3) <0.0001
Median (IQR) 50.7 (39.7- 59.1) 49.8 (39.1- 58.2) 53.0 (41.5- 61.2) <0.0001

Male gendera, No. (%) 7762 (61.8%) 5833 (64.3%) 1929 (55.4%) <0.0001
BMI, kg/m², mean ± SD 24.2 (4.3) 24.2 (4.2) 24.1 (4.4) 0.1445
Median (IQR) 23.7 (21.0- 26.7) 23.7 (21.1- 26.8) 23.6 (20.9- 26.6) 0.0712
Missing 2546 2009 537

BMI, kg/m²
<18.5 638 (6.4%) 428 (6.0%) 210 (7.1%)
18.5-24.9 5549 (55.4%) 3941 (55.8%) 1608 (54.6%)
25.0-29.9 2829 (28.2%) 1986 (28.1%) 843 (28.6%)
>30.0 997 (10.0%) 712 (10.1%) 285 (9.7%) 0.1867
Missing 2546 2009 537

Dialysis antecedent, No. (%) 10744 (85.7%) 7747 (85.5%) 2997 (86.3%) 0.2753
Missing 25 16 9

Hemodialysis, No. (%)
No 1870 (17.8%) 1374 (18.1%) 496 (17.0%)
Yes 8618 (82.2%) 6203 (81.9%) 2415 (83.0%) 0.1895
Missing 256 170 86

Causal Nephropathya

Glomerulopathy 3892 (31.0%) 2915 (32.1%) 977 (28.1%)
Vascular nephropathy 903 (7.2%) 641 (7.1%) 262 (7.5%)
Chronic interstitial nephropathy 587 (4.7%) 419 (4.6%) 168 (4.8%)
Congenital 233 (1.8%) 175 (1.9%) 58 (1.7%)
Polycystic 2137 (17.0%) 1677 (18.5%) 460 (13.2%)
Uropathy 997 (7.9%) 744 (8.2%) 253 (7.3%)
Diabetes 1225 (9.8%) 639 (7.0%) 586 (16.8%)
Other 2585 (20.6%) 1866 (20.6%) 719 (20.6%) <0.0001
Transplantation
Anti-CMV antibodies, No. (%)
+ 4947 (60.7%) 3514 (59.5%) 1433 (63.8%)
– 3205 (39.3%) 2393 (40.5%) 812 (36.2%) 0.0003
Missing 4407 3169 1238

Overall HLA mismatch A/B/DR,
mean ± SD 3.4 (1.3) 3.4 (1.3) 3.5 (1.3) <0.0001
median (IQR) 4.0 (3.0-4.0) 4.0 (3.0-4.0) 4.0 (3.0-4.0) <0.0001
Missing 22 17 5

Anti-HLA immunization
No 8434 (89.9%) 6242 (90.9%) 2192 (87.1%)
Yes 948 (10.10%) 623 (9.1%) 325 (12.9%) <0.0001
Missing 3177 2211 966

Donor typea, No. (%)
Living 926 (7.4%) 778 (8.6%) 148 (4.3%)
Cerebrovascular death 11551 (92.0%) 8241 (90.8%) 3310 (95.0%)
Other cause of death 82 (0.6%) 57 (0.6%) 25 (0.7%) <0.0001

Cold ischemia time
<12 h 1710 (17.9%) 1322 (19.0%) 388 (15.0%)
12-24 h 5823 (61.1%) 4196 (60.4%) 1627 (62.9%)
≥24 h 1999 (21.0%) 1427 (20.6%) 572 (22.1%) <0.0001
Missing 3027 2131 896

Transfusion
Prior transfusiona, No. (%) 1609 (12.8%) 723 (8.0%) 886 (25.4%) <0.0001
Recipient ABO blood group*, No. (%)
A 5615 (44.7%) 4049 (44.6%) 1566 (45.0%)
B 1173 (9.3%) 841 (9.3%) 332 (9.5%)
O 5253 (41.8%) 3822 (42.1%) 1431 (41.1%)
AB 518 (4.1%) 364 (4.0%) 154 (4.4%) 0.5886

Recipient D blood group, No. (%) 10276 (86.4%) 7392 (81.5%) 2884 (82.8%) 0.5854
Missing 664 530 134

(Continued)
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TABLE 1 | Continued

A

Characteristics Overall patients (No.
= 12559)

Patients without pre transplantation
transfusion (No. = 10950)

Patients with pre transplantation
transfusion in (No. = 1609)

p-value

Follow up
Transplantation follow-up (years,
median (95%CI))

7.6 (7.5-7.8) 7.6 (7.4-7.7) 7.8 (7.6-8.0) 0.1523
B

Characteristics

Recipient
Agea, yr, mean (SD)
Median (IQR)

Male gendera, No. (%)
BMI, kg/m², mean ± SD
Median (IQR)
Missing

BMI, kg/m²,
<18.5
18.5-24.9
25.0-29.9
>30.0
Missing

Dialysis antecedent, No. (%)
Missing

Hemodialysis, No. (%)
No
Yes
Missing

Causal Nephropathya

Glomerulopathy
Vascular nephropathy
Chronic interstitial nephropathy
Congenital
Polycystic
Uropathy
Diabetes
Other
Transplantation
Anti-CMV antibodies, No. (%)
+
–

Missing
Overall HLA mismatch A/B/DR
mean ± SD
median (IQR)
Missing

Anti-HLA Immunization
No
Yes
Missing

Donor typea, No. (%)
Living
Cerebrovascular death
Other cause of death

Cold ischemia time
<12 h
12-24 h
≥24 h
Missing

Transfusion
Post transplantation transfusion
No. (%)a

Frontiers in Immunology | www.fron
Overall patients
(No. = 12559)

49.1 (13.3)
50.7 (39.7- 59.1)
7762 (61.8%)
24.2 (4.3)

23.7 (21.0- 26.7)
2546

638 (6.4%)
5549 (55.4%)
2829 (28.2%)
997 (10.0%)

2546
10744 (85.7%)

25

1870 (17.8%)
8618 (82.2%)

256

3892 (31.0%)
903 (7.2%)
587 (4.7%)
233 (1.8%)

2137 (17.0%)
997 (7.9%)
1225 (9.8%)
2585 (20.6%)

4947 (60.7%)
3205 (39.3%)

4407

3.4 (1.3)
4.0 (3.0-4.0)

22

8434 (89.9%)
948 (10.10%)

3177

926 (7.4%)
11551 (92.0%)

82 (0.6%)

1710 (17.9%)
5823 (61.1%)
1999 (21.0%)

3027

3483 (27.7%)

tiersin.org
Patient without pre transplantation
transfusion (No. = 10950)

49.0 (13.2)
50.5 (39.6- 58.8)
6819 (62.3%)
24.2 (4.3)

23.7 (21.1- 26.7)
2208

533 (6.1%)
4863 (55.6%)
2469 (28.3%)
877 (10.0%)

2208
9280 (84.9%)

22

1655 (18.3%)
7392 (81.7%)

233

3399 (31.0%)
772 (7.1%)
518 (4.7%)
208 (1.9%)

1897 (17.3%)
906 (8.3%)
1029 (9.4%)
2221 (20.3%)

4317 (60.7%)
2795 (39.3%)

3838

3.4 (1.3)
4.0 (3.0-4.0)

17

7440 (90.8%)
750 (9.2%)

2760

809 (7.4%)
10067 (91.9%)

74 (0.7%)

1495 (18.0%)
5070 (60.9%)
1759 (21.1%)

2626

2597 (23.7%)

5

Patientwith pre transplantation
transfusion in (No. = 1609)

50.2 (13.8)
52.3 (40.3- 60.7)
943 (58.6%)
23.9 (4.5)

23.5 (20.7- 26.7)
338

105 (8.3%)
686 (54.0%)
360 (28.3%)
120 (9.4%)

338
1464 (91.2%)

3

215 (14.9%)
1226 (85.1%)

23

493 (30.6%)
131 (8.1%)
69 (4.3%)
25 (1.6%)

240 (14.9%)
91 (5.7%)

196 (12.2%)
364 (22.6%)

630 (60.6%)
410 (39.4%)

569

3.4 (1.3)
4.0 (3.0-4.0)

5

994 (83.4%)
198 (16.6%)

417

117 (7.3%)
1484 (92.2%)

8 (0.5%)

215 (17.8%)
753 (62.3%)
240 (19.9%)

401

886 (55.1%)

(C

May 2022 | Volume 13 | Article
P-value

0.0012
<0.0001
0.0047
0.0325
0.0157

0.0280

<0.0001

0.0019

<0.0001

0.9394

0.4055
0.6048

<0.0001

0.6961

0.5570

<0.0001

ontinued)
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Continued

B

Characteristics Overall patients
(No. = 12559)

Patient without pre transplantation
transfusion (No. = 10950)

Patientwith pre transplantation
transfusion in (No. = 1609)

P-value

Follow upa

Transplantation follow-up (years,
median (95%CI))

7.6 (7.5-7.8) 7.8 (7.6-7.9) 7.0 (7.0-7.1) <0.0001

aMissing, 0; Values of P<0.05 were considered statistically significant and all tests were two-sided.
BMI, Body Mass Index; CI, confidence interval; CMV, Cytomegalovirus; HLA, Human Leucocyte Antigen; IQR, Interquartile Range; SD, Standard Deviation; Tx, transplantation; yr, year.

Gaiffe et al. Transfusion and Renal Transplantation
to have received transfusions before transplant (25.4% vs 8%;
p<0.0001). Table 1B summarizes differences between patients
having received RBC before transplantation and those who did
not (Table 1B).

The frequency of patients receiving at least one RBC unit after
transplantation remained unchanged throughout the study
period (Supplementary Data and Table S1).

Early RBC Transfusion and
Transplant Failure
In univariate analysis, age, male gender, dialysis before
transplantation, primary renal disease, increasing number of HLA
mismatch,CMVexposure, bodymass index (BMI)higher than24.9
kg/m2, donor type, and cold ischemia time > 12h were associated
with transplant failure (Table 2). Both pre- and early post-
transplant transfusions were also associated with transplant failure.

A correlation matrix was used to detect significant
correlations between investigated parameters and to select the
variable the most clinically relevant and/or with less missing data
(Supplementary Data and Figure S1). Cox analysis included ten
independent risk factors: recipient age, gender, BMI, pre-
transplant dialysis, primary renal disease, donor-recipient HLA
mismatch(es), anti-HLA immunization, CMV exposure, donor
type, cold ischemia time, and pre- and early post-transplantation
transfusion (Supplementary Data and Table S2). Considering
the very high rate of missing data regarding CMV exposure
(n=4407/12949) and the lack of association with the outcome in
the full multivariable model, this parameter was not included in
the final multivariable model analysis (Table 2).

Final multivariable analysis revealed that pre- and post-
transplant transfusions were associated with increased
transplant failure (Hazard Ratio, HR 1.635, 95%CI
[1.492;1.791] p<0.0001 and HR 1.650, 95%CI [1.538;1.771]
p<0.0001, respectively) (Table 2 and Figure 2).

Sensitivity and Propensity Score Analyses
A multiple imputation analysis based on 500 imputed data sets
provided similar results for all the variables (Supplementary Data
and Table S3). The multivariable model exhibited good
discrimination ability (Concordance Index, C-index= 0.619,
95%CI [0.610-0.628]). The calibration plots showed an optimal
agreement between model prediction and actual observation for
predicting transplant failure probability at one, three, five, and
ten years (Supplementary Data and Figure S2). Moreover,
Frontiers in Immunology | www.frontiersin.org 6
transplantation failure free survival curves continue to diverge
several years after transfusion (Figure 2). In the internal
validation, uncertainties around hazard ratio measured with a
bootstrapping procedure reflected the robustness of the final
model (Table 2). The multivariable model that considers
separately past history of transfusion and post-transplant
transfusion showed that these two parameters were both
independently associated with higher transplant failure
(Supplementary Data and Table S4).

A propensity score analysis was performed (Supplementary
Data and Table S5A). An inverse probability of treatment
weighting (IPTW) analysis, post-transplant transfusion,
remained associated with a higher risk of transplant failure
(HR = 1.363; 95%CI [1.264-1.471]; p<0.0001) (Supplementary
Data and Table S5B). After propensity score matching of
patients with similar characteristics (Supplementary Data and
Table S5C and Supplementary Data and Figure S3), transplant
failure rate was found to be higher in patients having received
post-transplant RBC as compared to those not transfused after
transplant (Supplementary Data and Figure S4).

RBC Transfusion, Graft Loss, and Patient
Death in Transplantation
In multivariable analysis, both pre- and post-transplant transfusions
were independently associated with an increased risk of graft loss
and patient death in transplantation (Table 3A, B). Dialysis before
transplantation, primary renal disease, and donor type were also
associated with graft loss (Table 3A). Regarding death in
transplantation, age, male gender, dialysis before transplantation
and primary renal disease are significantly associated in a
multivariable model (Table 3B). These results are also evidenced
by Kaplan-Meier graft and patient survival curves according to the
post-transplantation transfusion (Figures 3A, B).
DISCUSSION

In a nationwide study including more than 12,000 patients with a
long follow-up, RBC transfusionwas associatedwith impaired graft
and patient survival after kidney transplantation. Transfusions are
frequently required in the early post-transplant. Indeed, just over a
quarter of patients receivedRBC transfusionduring thefirst 14days
following transplantation. This highlights that a number of patients
are at risk of transfusion-induced complications.
May 2022 | Volume 13 | Article 854850
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TABLE 2 | Factors associated with transplant failure.

Univariate analyses Final multivariable Modeln = 7126 (2581 events)

N patients N events HR 95%CI p valueb HR 95%CI p valueb Internal validation
HR 95% BCA Boot Strap Interval

Recipient agea 12559 3319 1.025 [1.022;1.027] < 0.0001 1.023 [1.019; 1.027] < 0.0001 [1.01857; 1.02743]
Recipient gendera

Male 7762 2094 1 1
Female 4797 1225 0.923 [0.860;0.991] 0.0262 0.899 [0.814; 0.992] 0.0342 [0.82285; 1.01397]
BMI, kg/m²,
18.5-24.9 5549 1356 1 1
<18.5 638 176 1.129 [0.965;1.321] 1.343 [1.115; 1.617] [1.08972; 1.58730]
24.9.0-30.0 2829 750 1.136 [1.039;1.242] 0.975 [0.876; 1.086] [0.87081; 1.08398]
>30.0 997 321 1.445 [1.280;1.633] < 0.0001 1.245 [1.077; 1.439] 0.0003 [1.06544; 1.43427]
Missing 2546

Dialysis antecedent
No 1790 250 1 1
Yes 10744 3047 2.082 [1.830;2.369] < 0.0001 1.800 [1.527; 2.122] < 0.0001 [1.52933; 2.13203]
Missing 25

Causal nephropathya

Glomerulopathy 3892 963 1 1
Vascular nephropathy 903 332 1.729 [1.526;1.959] 1.363 [1.160; 1.602] [1.14364; 1.56693]
Chronic interstitial 587 151 1.081 [0.911;1.284] 1.067 [0.860; 1.324] [0.87372; 1.35873]
Nephropathy Congenital 233 51 0.858 [0.648;1.137] 0.949 [0.656; 1.373] [0.61941; 1.33636]
Polycystic 2137 439 0.826 [0.737;0.924] 0.706 [0.605; 0.825] [0.60277; 0.80856]
Uropathy 997 236 0.975 [0.846;1.124] 1.025 [0.848;1.238] [0.79487; 1.20016]
Diabetes 1225 422 1.610 [1.436;1.806] 1.309 [1.125;1.524] [1.11760; 1.50827]
Other 2585 725 1.204 [1.093;1.325] < 0.0001 1.035 [0.907; 1.181] < 0.0001 [0.90303; 1.17106]
Transplantation
Anti-CMV antibodies
– 3205 840 1
+ 4947 1430 1.159 [1.065;1.262] 0.0007
Missing 4407

Overall HLA. mismatch A/B/DR 12537 3314 1.078 [1.050;1.107] < 0.0001 1.047 [1.009; 1.086] 0.0150 [1.00584; 1.09153]
Missing 22

Immunization
No 8434 2224 1 1
Yes 948 314 1.311 [1.165;1.476] < 0.0001 1.227 [1.060; 1.420] 0.0062 [1.061; 1.421]
Missing 3177

Donor typea

Living 926 131 1 1
Cerebrovascular death 11551 3171 2.013 [1.690;2.397] 1.532 [1.192; 1.971] [1.22496; 2.02935]
Other cause of death 82 17 2.146 [1.294;3.558] < 0.0001 1.823 [1.051; 3.163] 0.0030 [0.96204; 3.31625]
Cold ischemia time min 9532 2578 1.000 < 0.0001
Missing 3027

Cold ischemia time
<12 h 1710 299 1
12-24 h 5823 1647 1.625 [1.437;1.838]
≥24 h 1999 632 1.724 [1.502;1.978] < 0.0001
Missing 3027

Transfusion
Recipient blood groupa

A 5615 1503 1
B 1173 300 0.978 [0.864;1.107]
O 5253 1368 0.984 [0.915;1.059]
AB 518 148 1.096 [0.926;1.298] 0.6419

Recipient rhesus
+ 10276 2740 1
– 1619 430 0.988 [0.893;1.094] 0.8226
Missing 664

Transfusion antecedenta

No 10950 2765 1
Yes 1609 554 1.635 [1.492;1.791] < 0.0001

(Continued)
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TABLE 2 | Continued

Univariate analyses Final multivariable Modeln = 7126 (2581 events)

N patients N events HR 95%CI p valueb HR 95%CI p valueb Internal validation
HR 95% BCA Boot Strap Interval

Post transplantation transfusiona

No 9076 2101 1
Yes 3483 1218 1.650 [1.538;1.771] < 0.0001

Pre Post transplantation transfusiona

No No 8353 1888 1 1
Yes No 723 213 1.517 [1.317;1.748] 1.403 [1.261; 1.560] [1.25971; 1.53334]
No Yes 2597 877 1.583 [1.462;1.716] 1.580 [1.306; 1.912] [1.28960; 1.91767]
Yes Yes 886 341 2.146 [1.912;2.409] < 0.0001 1.878 [1.613; 2.186] < 0.0001 [1.62740; 2.15969]
Frontiers in Immunology | www.f
rontiersin.org 8
 May
The final multivariable Cox model was obtained by entering all parameters whose p value <0.05, excepting the parameters identified with a strong correlation (cold ischemia time is strongly
correlated with donor type) and anti-CMV antibodies (not significant in the full multivariable model, Supplementary Data, Table S3, and lack of many data). For the multivariable model,
pre- and post-transplant transfusions are analyzed together. The number of observations read is 9,976 and 2,581 events. Internal validation of the final model was performed with a
bootstrap sample procedure.
aMissing, 0.
bCox-proportional-hazardmodels used to estimate association of the parameters with transplantation success. Values of P<0.05 were considered statistically significant and all tests were two-sided.
BCA, Bias-corrected and accelerated; BMI, Body Mass Index; CI, confidence interval; CMV, Cytomegalovirus; HLA, Human Leucocyte Antigen; HR, Hazard Ratio.
A B

C D

FIGURE 2 | Transplantation failure free survival according to the pre-transplant (A), post-transplant (B), or both pre and post-transplant (C, D) transfusion status.
(A, B) Patients transfused (in red) or not (in black). (C) Patients transfused before transplantation (in green), after transplantation (in blue), both (in red) or not (in
black). (D) Patients transfused before and after transplantation (in red), before or after transplantation (in blue) transplantation or not (in black). TX, transplantation.
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We reported that early post-transplant RBC transfusion was
associated with a worse prognosis after transplantation. Few prior
studies reported on the effects of RBC transfusion after kidney
transplantation. A single center study showed significant one-year
graft survival reduction in kidney transplant recipients having
received perioperative RBCT (8). Recently, a retrospective cohort
study suggested that RBCTmay increase the risk of death-censored
graft loss (10). Nevertheless, because RBCTwas considered as soon
as on the first post-transplant day, graft loss due to surgical
complications requiring RBCT were likely to drive the
association. However, RBCT was also associated with a negative
control outcome. Moreover, the authors analyzed RBCT occurring
at any time of the transplant period, ignoring a differential effect
with time of transplantation. Finally, the cohort was rather small.
All of these aspects hamper the relevance of this study. As we
TABLE 3 | Multivariable analysis of parameters associated with graft loss (A) or
death in transplantation (B).

A Final multivariable model for graft loss

n = 7126 (1089 events)

HR 95% CI p value**

Recipient age 0.997 [0.993; 1.002] 0.3125
Recipient gender
Male
Female

1
1.048

[0.923; 1.191] 0.4668

BMI, kg/m²,
18.5-24.9
<18.5
24.9.0-30.0
>30.0

1
1.116
1.008
1.173

[0.883; 1.410]
[0.872; 1.165]
[0.959; 1.435]

0.3769

Dialysis antecedent
No 1
Yes 1.835 [1.478; 2.280] < 0.0001

Causal Nephropathy
Glomerulopathy
Vascular nephropathy
Chronic interstitial Nephropathy
Congenital
Polycystic
Uropathy
Diabetes
Other

1
1.443
0.888
0.978
0.622
1.004
1.002
0.956

[1.168; 1.783]
[0.657; 1.201]
[0.645; 1.482]
[0.502; 0.771]
[0.800; 1.261]
[0.812; 1.236]
[0.805; 1.136]

< 0.0001

Overall HLA mismatch A/B/DR 1.046 [0.997; 1.099] 0.0676
Immunization
No
Yes

1
1.181

[0.974; 1.432] 0.0901

Donor type
Living
Cerebrovascular death
Other cause of death

1
1.890
2.200

[1.366; 2.616]
[1.091; 4.434]

0.0005

Pre Post Tx transfusion
No No
Yes No
No Yes
Yes Yes

1
1.740
1.389
1.794

[1.371; 2.207]
[1.206; 1.600]
[1.457; 2.209]

< 0.0001

B Final multivariable model for death
intransplantation

n = 7126 (803 events)

HR 95% CI p value**

Recipient age 1.067 [1.059; 1.074] < 0.0001
Recipient gender
Male
Female

1
0.732

[0.626; 0.857] 0.0001

BMI, kg/m²,
18.5-24.9
<18.5
24.9.0-30.0
>30.0

1
1.713
0.957
1.367

[1.261; 2.326]
[0.814; 1.124]
[1.108; 1.688]

< 0.0001

Dialysis antecedent
No 1
Yes 1.700 [1.321; 2.190] < 0.0001

Causal Nephropathy
Glomerulopathy
Vascular nephropathy
Chronic interstitial Nephropathy
Congenital
Polycystic

1
1.272
1.346
0.719
0.902

[0.989; 1.638]
[0.984; 1.841]
[0.319; 1.623]
[0.715; 1.137]
[0.706; 1.393]

< 0.0001

(Continued)
TABLE 3 | Continued

B Final multivariable model for death
intransplantation

n = 7126 (803 events)

HR 95% CI p value**

Recipient age 1.067 [1.059; 1.074] < 0.0001
Recipient gender
Male
Female

1
0.732

[0.626; 0.857] 0.0001

BMI, kg/m²,
18.5-24.9
<18.5
24.9.0-30.0
>30.0

1
1.713
0.957
1.367

[1.261; 2.326]
[0.814; 1.124]
[1.108; 1.688]

< 0.0001

Dialysis antecedent
No 1
Yes 1.700 [1.321; 2.190] < 0.0001

Causal Nephropathy
Glomerulopathy
Vascular nephropathy
Chronic interstitial Nephropathy
Congenital
Polycystic
Uropathy
Diabetes
Other

1
1.272
1.346
0.719
0.902
0.992
1.888
1.173

[0.989; 1.638]
[0.984; 1.841]
[0.319; 1.623]
[0.715; 1.137]
[0.706; 1.393]
[1.506; 2.367]
[0.952; 1.445]

< 0.0001

Overall HLA mismatch A/B/DR 1.028 [0.973; 1.087] 0.3215
Immunization
No
Yes

1
1.308

[1.045; 1.637] 0.0189

Donor type
Living
Cerebrovascular death
Other cause of death

1
1.159
1.596

[0.778; 1.725]
[0.654; 3.898]

0.5611

Pre Post Tx transfusion
No No
Yes No
No Yes
Yes Yes

1
1.327
1.420
1.937

[0.966; 1.824]
[1.208; 1.668]
[1.550; 2.421]

< 0.0001
May 2
022 | Volume 13 |
All parameterswith p value <0.05 have been retained inmodels. (A) The number of observations
read is 7126 and 1089 used. (B) The number of observations read is 7,126 and 803 used.
**Cox-proportional-hazard models used to estimate association of the parameters with graft or
patient survival. Values of P<0.05 were considered statistically significant and all tests were two-
sided. BMI=Body Mass Index, CI, Confidence Interval; CMV, Cytomegalovirus; HLA, Human
Leucocyte Antigen; HR, Hazard Ratio, Tx, Transplantation.
Article 854850

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Gaiffe et al. Transfusion and Renal Transplantation
excluded graft loss occurring within 14 days post-transplant, we
probably excluded a large part of surgical-related graft loss having
required RBCT.

The effect of transfusion, sustained with transplantation failure
free survival curves, continues to diverge even years after the event.
This suggests that transfusion may trigger a chronic process with
long-term consequences. The mechanisms supporting the
association between RBCT and graft loss are mainly based on
transfusion-related DSA appearance. RBC units still contain white
blood cells (WBC) even after deleukocytation.WBCs progressively
disappear fromRBC units in the first days of storage, but fresh RBC
units containing greater amount of WBC expose patients to HLA
Frontiers in Immunology | www.frontiersin.org 10
immunization and subsequent humoral rejection. Ferrandiz et al.
reported that the one-year incidence of donor-specific antibodies
(DSA) was higher in patients who had undergone post-transplant
transfusion (5). More recently, Hassan et al. suggested that
transfusions elicit de novo HLA antibodies and decreases graft
survival (14). Furthermore, the risk of antibody-mediated acute
rejection increases in patients with-preformed DSA who received
post-transplant transfusion (6). This hypothesis may explain the
persistent long-term effects of early RBCT.

By contrast, several studies reported that transfusions do not
induce DSA appearance or rejection (11, 18–23). Recently,
Jalalonmuhali et al. reported that RBCT performed during the first
A

B

FIGURE 3 | Kaplan-Meier graft (A) and transplantation (B) survival curves according to the post-transplantation transfusion. (A, B) Patients transfused (in red) or not
(in blue) are followed for 10 years. TX, transplantation.
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week post-operative period were not associated with the
development of de novo HLA-DSA, HLA-Ab or clinical rejection
(21). Another study did not find any association between
transfusion and antibody mediated acute rejection (22).
Nevertheless, the number of patients included in this study was
low, hampering robust conclusions about negative results. Another
simultaneously published study did not find any effects of RBCTon
graft outcomes as well acute rejection, graft loss, or death in
transplantation (11).

The current study highly suggests that RBCT negatively affects
transplant outcomes. These data have been obtained through the
linkage of two national mandatory registers subject to regular in-
house audits. The crossing method was precise and doubtful cases
were all individually controlled. The results were tested in several
sensitivity analyses and remained significant in all models.
Unmeasured patients’ conditions (organ donor age, delayed graft
function, and/or cause of RBCT) may be more associated with
outcomes than transfusion by itself. Although we recognize that
association does not imply causality, the robustness, the statistical
independence, and the difference in magnitude of our findings
should oblige us to reconsider the way we use this frequent and not
so trivial treatment.

Our study reports that early post-transplant RBCT was
associated with graft and patient survivals.
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