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SUMMARY

Numerous studies have reported a weekend effect on outcomes for diseases
treated at hospitals. No study has been conducted in France for kidney
transplantation. We therefore performed a cohort-based study to evaluate
whether outcomes of kidney transplant recipients display a weekend effect.
Data were extracted from the French DIVAT cohort. Patients aged 18 years
and older, transplanted with a single kidney from deceased donors between
2005 and 2017 were studied. Linear regression, logistic regression, and
cause-specific Cox model were used. Among the 6652 studied patients,
4653 patients were transplanted during weekdays (69.9%) versus 1999 dur-
ing weekends (30.1%). The only statistically significant difference was the
percentage of patients with vascular surgical complication(s) at 30 days:
13.3% in the weekend group versus 16.2% in the weekday group 0.79
(95% CI: 0.68; 0.92). We did not observe other significant differences for
the other outcomes: patient or graft survival, the risk of acute rejection
episodes, the 30-day percentage of urological complications, and the 1-year
estimated glomerular filtration rate. Our study highlights a small protective
weekend effect with less post-surgery vascular complications compared to
weekdays. This paradox might be explained by a different handling of
weekend transplantations.
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Introduction

Over the last several decades, the issue of the “weekend

effect” has been proposed by several studies, primarily

British ones, which have reported an increased global

mortality in patients admitted to hospitals during the

weekend compared to weekdays [1]. Other articles

studying specific medical conditions, such as myocardial

infarction and stroke, have confirmed this effect [2,3].

Worse outcomes during the weekend have also been

reported for both elective and urgent surgical interven-

tions [4,5]. This effect could be explained on the one

hand by a difference in the caregivers’ skill level (nurs-

ing and medical staff), that is, less experienced on the

weekend, and on the other hand, by the restricted avail-

ability of diagnostic and therapeutic procedures.

Organ transplantation from deceased donors is cur-

rently performed irrespective of the day of the week and

at any time during the day, in order to minimize the

cold ischemic time thus improving allograft function

and transplantation survival [6]. Therefore, surgical pro-

cedures (procurement and graft) are frequently per-

formed on the weekend, and this may lead to concerns

that these graft outcomes may be worse. In 2016,

Mohan et al. [7] reported that in the United States,

deceased donor kidney discard rates were significantly

higher on weekends and may have been due to compen-

sation for a potential weekend effect. Likewise, as pub-

lished in the British media [8], proposed weekend

transplants were in some cases denied by candidates

due to fear of complications or death.

In kidney transplantation setting, studies aimed at

assessing the weekend effect on post-transplant out-

comes concluded that recipients transplanted during

weekends in hospitals did not suffer any adverse out-

comes in comparison to those transplanted during

weekdays [9–11]. However, most previously published

studies suffer from the same methodological pitfall,

whereby the conclusions were based on multivariate

models for adjusting on confounders that were in some

cases not “true confounders” (e.g. cold ischemia time -

CIT). Indeed, CIT is on the pathway of the weekend

effect on graft and patient outcomes. The inclusion of

such a variable in multivariate regression, in order to

estimate the causal weekend effect, results in an over-

adjustment, which can lead to an under-estimation of

the true effect [12]. Moreover, none of these studies

was specifically conducted on the French health organi-

zation.

Therefore, we evaluated the impact of the weekend

on the outcome of kidney transplantation graft surgery

by respecting methodological standards in causal infer-

ence [13] and using a multicentric French cohort.

Patients and methods

Studied population

Data were extracted from the French DIVAT cohort

(www.divat.fr, approved by CNIL, no 914184) consist-

ing of kidney transplant recipients followed-up in Nan-

tes, Paris (Necker and Saint-Louis), Nancy, Lyon,

Montpellier, and Nice. The quality of the DIVAT data

bank was validated by an annual audit. All participants

gave informed consent. The included patients were

adults at the time of their kidney transplantation per-

formed between 2005 and 2017. Only kidney transplan-

tations from deceased donors were considered. Multiple

organ transplants were not included. The time of the

surgery was determined from the operative report.

Weekend surgery was defined as the date of surgery

being a Saturday or Sunday and weekday surgery as the

date of surgery being Monday to Friday. We determined

the time of the surgery from the operative report. The

weekend transplantations were the surgeries started at

0:00 am on Saturday and ended at 11:59 pm on Sun-

day.

French kidney allocation process

Briefly, the first kidney, considered as the local kidney,

is proposed to the patients of the center that harvested

(classified according to a score, see below). The second

kidney is proposed first for national priorities (emer-

gency, national priority immunization) and then for

regional priorities (regional priority immunization,

pediatric recipient for donors aged 18 to 30 years). If a

retrieved organ does not trigger at any national or

regional priorities, a national list is established via a

points-scoring system that takes into account the age of

registration, the number of HLA incompatibilities, the

age differential, an indicator of difficulty of access to

transplantation, combined with a geographical score.

Available data

Donor characteristics were age, gender, last Serum Crea-

tinine (SCr) level, and cause of death. Recipient charac-

teristics were age, gender, body mass index (BMI),

comorbidities (diabetes, hypertension, dyslipidemia,

neoplasia, cardiovascular history), duration of dialysis

before transplantation, type of dialysis before
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transplantation (No dialysis or peritoneal or hemodialy-

sis), pre-transplantation anti-class I or class II Human

Leucocyte Antigen (HLA) immunization (anti-class I or

class II - HLA) and initial renal disease. Transplantation

parameters were CIT and number of HLA-A-B-DR

incompatibilities.

Outcomes

The main outcome was the patient and graft survival,

defined by the time between the transplantation and the

first event between return to dialysis, pre-emptive re-

transplantation and patient death. We also studied (i)

the risk of acute rejection defined by the time between

the transplantation and the first occurrence of acute

rejection (return to dialysis, pre-emptive re-transplanta-

tion and all-cause death with a functioning graft were

right-censored), (ii) the proportion of patients with

urological complication within the 30 days post-trans-

plantation (collection, lymphocele, vesical-ureteral reflux

on the transplant, ureteral stenosis, urinoma), (iii) the

proportion of patients with vascular complications

within the 30 days post-transplantation (arteriovenous

fistula, bleeding from surgical site, arterial dysfunction,

partial or complete arterial or venous thrombosis or

aneurysm), and (iv) the estimated glomerular filtration

rate (eGFR) at 1-year post-transplantation by using the

CKD-EPI formula [14].

Statistical analyses

The characteristics at the time of transplantation

between the two groups of interest (weekend versus

weekday transplantation) were compared using Chi-

square tests for categorical variables and, Student t-tests

for continuous variables. Linear regression (for the 1-

year eGFR), logistic regressions (for the 30-day compli-

cations), and cause-specific Cox models (for the times-

to-event) were used.

Our principal aim was to describe the causal effect of

transplantations performed during weekends versus

weekdays. The previous list of variables, such as the

cold ischemia time or the donor characteristics, are the

consequences of the transplantation day. It does not

constitute confounders: They are on the pathway

between the exposure and the outcomes. Therefore, the

raw associations between the transplantation day and

the outcomes were unbiased. They consisted in the

principal analyses of our study. All the results in the

next section were unadjusted. Note that in case of sig-

nificant results, we further performed an over-adjusted

model, by fitting a multivariable regression including all

the variables at transplantation associated with the out-

come (univariate analyses, P < 0.10). The aim of this

secondary analysis was to explore the potential mecha-

nism for the weekend effect. Only adjusted indicators

were defined as adjusted, the other were by default

unadjusted.

Non-agreement with the log-linearity assumption was

defined when the Bayesian Information Criterion (BIC)

criteria decreased using natural spline transformation

compared to the inclusion of the covariate in its natural

scale. In case of violation, variables were categorized.

Hazard proportionality was graphically checked by plot-

ting log-minus-log survival curves according to the two

groups of interest and studying the Schoenfeld residuals.

The analyses were performed using Plug-Stat� software

(www.labcom-risca.com) and R software.

Results

Cohort description

This study was performed on a cohort of 6652 patients

who met the inclusion criteria, and the patient charac-

teristics at the time of transplantation are listed in

Table 1. Among these, 4653 patients were transplanted

during weekdays (69.9%) versus 1999 during weekends

(30.1%). The two groups can be considered comparable

(the small P-values were due to the important sample

size). The median follow-up time was 4.0 years (ranging

from 0.0 to 13.0). During follow-up, 632 patients died

with a functioning graft, (including 185 in the weekend

group), 868 returned to dialysis (including 256 in the

weekend group) and 14 patients were pre-emptively re-

transplanted (including 5 in the weekend group).

Patient and graft survival

There was no significant difference in patient and graft

survival up to 10 years post-transplantation between

patients transplanted on weekends versus weekdays. As

illustrated in Fig. 1. The probability of patient and graft

survival at 10 years post-transplantation in the weekday

group was 0.55 (95% CI: 0.52; 0.57) versus 0.54 (95%

CI: 0.50; 0.58) in the weekend group. As illustrated in

Fig. 2, the Hazard Ratio (HR) was 1.01 for patients

transplanted during weekends versus those during week-

days (95% CI: 0.90; 1.13).

Given the large time frame of transplants included,

we did a subgroup analysis considering graft performed

before or after 2012. The HR related to the patient end
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graft survival for weekends versus weekdays was 1.06

(95% CI: 0.93; 1.20) before 2012 versus 0.86 (95% CI:

0.69; 1.07) after 2012 (Table S1). Because one can

discuss the center as a possible confounder, the percent-

age of transplantations performed during the weekend

ranging from 27.7 to 33.9% in each center, we also

Table 1. Patients characteristics.

Whole sample (n = 6652) Weekend (n = 1999) Weekday (n = 4653)

P-valueNA n % NA n % NA n %

Male recipient 0 4142 62.3 0 1232 61.6 0 2910 62.5 0.4829
Recurrent causal nephropathy 7 1796 27.0 1 535 26.8 6 1261 27.1 0.7625
Pre-emptive transplantation 15 610 9.2 4 179 9.0 11 431 9.3 0.6863
History of diabetes 0 1196 18.0 0 342 17.1 0 854 18.4 0.2253
History of hypertension 0 5537 83.2 0 1651 82.6 0 3886 83.5 0.3546
History of vascular disease 0 1219 18.3 0 382 19.1 0 837 18.0 0.2785
History of cardiac disease 0 2003 30.1 0 605 30.3 0 1398 30.0 0.8577
History of cardiovascular disease 0 2633 39.6 0 805 40.3 0 1828 39.3 0.4520
History of malignancy 0 802 12.1 0 239 12.0 0 563 12.1 0.8689
History of dyslipidemia 0 2576 38.7 0 811 40.6 0 1765 37.9 0.0429
History of hepatitis (B or C) 0 454 6.8 0 128 6.4 0 326 7.0 0.3712
Positive recipient CMV serology 78 4361 66.3 19 1304 65.9 59 3057 66.5 0.5899
Positive recipient EBV serology 99 6375 97.3 28 1925 97.7 71 4450 97.1 0.2116
Positive anti-class I immunization 634 2427 40.3 187 722 39.8 447 1705 40.5 0.6157
Positive anti-class II immunization 728 2312 39.0 221 654 36.8 507 1658 40.0 0.0204
Male donor 13 3932 59.2 1 1160 58.1 12 2772 59.7 0.2039
ECD donor 72 2978 45.3 28 895 45.4 44 2083 45.2 0.8729
Donation after Circulatory Death 70 256 3.9 20 76 3.8 50 180 3.9 0.8926
Vascular cause of donor death 24 3589 54.1 8 1112 55.9 16 2477 53.4 0.0684
Donor hypertension 286 2075 32.6 92 615 32.2 194 1460 32.7 0.7006
Positive donor CMV serology 33 3597 54.3 10 1098 55.2 23 2499 54.0 0.3572
Positive donor EBV serology 67 6323 96.0 23 1898 96.1 44 4425 96.0 0.9320
HLA-A-B-DR incompatibilities ≥ 4 69 919 14.0 20 275 13.9 49 644 14.0 0.9214
Re-transplantation 0 1346 20.2 0 368 18.4 0 978 21.0 0.0151
Depleting induction 0 4041 60.7 0 1238 61.9 0 2803 60.2 0.1955
Calcineurin inhibitor at surgery 10 5 5 0.3606
Ciclosporine 1333 20.1 917 19.7 416 20.8
Tracrolimus 5165 77.8 3631 78.1 1534 76.7
No 144 2.1 100 2.2 44 2.3

Transplant center 0.0121
A 1099 16.5 373 18.7 726 15.6
B 1283 13.9 356 17.8 927 19.9
C 727 10.9 220 11.0 507 10.9
D 1473 22.1 445 22.3 1028 22.1
E 1380 20.7 384 19.2 996 21.4
F 283 4.3 86 4.3 197 4.2
G 407 6.1 135 6.8 272 5.8

NA Mean SD NA mean kdSD NA Mean SD

Recipient age (years) 0 52.3 13.6 0 52.3 13.8 0 52.4 13.6 0.7791
Recipient BMI (kg.m-2) 47 24.8 5.8 8 24.9 4.5 39 24.8 6.2 0.5746
Duration on waiting list (months) 150 27.7 25.5 41 27.8 26.3 109 27.6 25.1 0.8083
Donor age (years) 25 53.3 20.6 10 53.3 16.6 15 53.3 22.1 0.9950
Donor creatinemia (lmol/l) 51 91.6 58.9 12 89.3 54.0 39 92.6 60.9 0.0267
Cold ischemia time (hours) 28 18.6 7.4 8 18.2 7.2 20 18.7 7.5 0.0122

BMI, Body Mass Index; CMV, Cytomegalovirus; EBV, Epstein-Barr Virus; ECD, Expanded Criteria Donor; HLA, Human Leucocyte
Antigens; NA, Not Available; SD, Standard Deviation.
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consider the center effect. The results were unchanged

(Table S2).

Urological and vascular complications within the first
30 days post-transplantation

The overall percentage of patients with urological surgi-

cal complications was 8.6%. It was 8.4% (95% CI:

7.3%; 9.7%) in the weekend group versus 8.7 % (95%

CI: 7.9%; 9.5%) in the weekday group. The correspond-

ing Odds Ratio (OR) was 0.96 (95% CI: 0.79; 1.15).

The description of the urological complications is listed

in Table 2.

In contrast, the overall percentage of patients with

vascular surgical complications was 15.4% and ranged

from 13.3% in the weekend group (95% CI: 11.9%;

14.9%) to 16.2 % in the weekday group (95% CI:

15.2%; 17.3%). The corresponding OR was 0.79 (95%

CI: 0.68; 0.92). The description of the vascular compli-

cations is listed in Table 3. The primary vascular com-

plication accounting for almost two-thirds of the total

was the occurrence of bleeding requiring transfusion or

re-intervention, followed by arterial dysfunction

(11.8%) referring in trouble in performing the arterial

anastomosis that required surgical repair or more rarely

angioplasty. On the post-op doppler during the first

week post-transplantation, either systematic or for cause

and whatever the daytime of the week, partial arterial

thrombosis accounted for 11.4% and venous thrombosis

for 6.6% of all vascular complication. Finally, complete

arterial thrombosis leading to a technical graft failure

accounted for only 2.8 %.

As detailed in the methods section, we re-analyzed

the significant results by considering the CIT, i.e. the

only significant risk factor of vascular complications. By

comparing two recipients with the same CIT, where one

was transplanted during the weekend and the other dur-

ing the week, the corresponding adjusted OR between

these two patients was estimated at 0.79 (95% CI: 0.67;

0.92). The non-adjusted and adjusted OR were similar,

meaning that the weekend effect was not due to CIT.

Figure 1 Patient and graft survival curves for weekday and weekend groups.

Figure 2 Unadjusted Hazards Ratios (HR) and Odds Ratios between

weekday and weekend groups.
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Acute rejection occurrence

The cumulative probabilities of acute rejection are plot-

ted in Fig. 3. The value at 1-year post-transplantation

in the weekday group was 0.20 (95% CI: 0.19; 0.21),

and the same in the weekend group (95% CI: 0.19;

0.22). The HR was 1.04 between patients transplanted

during weekends versus those during weekdays (95%

CI: 0.94; 1.16).

eGFR at 1-year post-transplantation

Among the 6652 included patients, 729 patients were

excluded because of a follow-up lower than 1-year post-

transplantation, 162 excluded due to death before 1-year

post-transplantation, 76 patients were excluded because

of missing data on the outcome, even if the follow-up

was enough. During the first-year post-transplantation,

299 patients returned to dialysis, and the 1-year eGFR

was established at 5 ml/min/1.73m2 for these patients.

The overall mean 1-year eGFR was 51.4 ml/min/

1.73m2 (95% CI: 50.8; 51.9). We observed no significant

difference between the two groups: 52.1 ml/min/1.73m2

(95% CI: 51.2; 53.1) in the weekend group versus

51.0 ml/min/1.73m2 (95% CI: 50.4; 51.7) in the week-

day group. The mean difference was estimated at

�1.16 ml/min/1.73m2 (95% CI: �2.32; 0.01).

Discussion

Our French cohort-based study demonstrated that graft

and patient survival was similar regardless of whether

the transplantation occurred on weekends or on week-

days. It confirmed the results of previous studies that

raised this question in other countries. In the United

States, Baid-Agrawal et al. [9] analyzed a cohort of

136,715 adult recipients of deceased donor single organ

kidney transplants between 1994 and 2010. They studied

patient and/or graft survival, hospitalization length,

delayed graft function (DGF), and acute rejection within

Table 2. Descriptive urological surgical complications according to study groups.

Whole sample (n = 6652) Weekdays (n = 4653) Weekend (n = 1999)

n % n % n %

Drainage of fluid collection 70 1.05 45 0.97 25 1.25
Lymph collection (drainage or surgery) 199 2.99 143 3.07 56 2.80
Vesicoureteral reflux
(endoscopic treatment or surgery)

5 0.08 4 0.09 1 0.05

Ureteral stenosis 98 1.47 73 1.57 25 1.25
Urine collection (fistula/ureteral necrosis) 197 2.96 136 2.92 61 3.05
Missing values 2 0.03 2 0.04 0 0.00
Overall 569 8.58 401 8.66 168 8.40

Table 3. Descriptive vascular surgical complications according to study groups.

Whole sample (n = 6652) Weekdays (n = 4653) Weekend (n = 1999)

n % n % n %

Arterial aneurysm 4 0.06 3 0.06 1 0.05
Arteriovenous fistula (surgery or
radiologic intervention)

9 0.14 7 0.15 2 0.10

Bleeding requiring blood transfusion
or re surgery

666 10.01 491 10.55 175 8.75

Arterial dysfunction (surgery or
radiologic intervention)

121 1.82 91 1.96 30 1.50

Arterial thrombosis 146 2.19 115 2.47 31 1.55
Partial arterial thrombosis 117 1.76 91 1.96 26 1.30
Complete arterial thrombosis 29 0.44 24 0.52 5 0.25

Venous thrombosis (partial or complete) 67 1.01 44 0.95 23 1.15
Missing values 9 0.14 5 0.11 4 0.20
Overall 1013 15.36 751 16.25 262 13.31
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the first-year post-transplant. They concluded that surg-

eries performed on weekends did not negatively affect

outcomes. Similar results were published by Anderson

et al. [11] on a comparable population of 12,902 kidney

transplant recipients performed in England between

2003 and 2014. They reported no difference in the 30-

day mortality, 1-year mortality, 1-year allograft failure

or rejection, DGF, hospitalization length, or the risk for

re-hospitalization. Likewise, an absence of a weekend

effect on the 3-year patient and graft survival, DGF,

acute rejection, and the 1-year estimated glomerular fil-

tration rate (eGFR) was also reported by Sch€utte-

N€utgen et al. [10], based on a mono-centric German

cohort of 580 patients transplanted between January

2007 and December 2014.

After it was first identified in the 70s, the weekend

effect has been the subject of an increasingly intense

debate, particularly since 2010. Indeed, English studies

reporting an increase in mortality of patients admitted

to hospital during the weekend have resulted in a pro-

found reform of the National Health Service [15]. More

recently, this concept was challenged by rigorous studies

using more extensive databases. These suggested that

the weekend effect could be mainly attributable to dif-

ferently distributed patient illness severity and comor-

bidity conditions between the weekend and weekday

[16]. Despite this, a weekend effect has been shown to

be associated with specific pathologies such as myocar-

dial infarction, whereby it was associated with increased

short-term mortality and was directly correlated with

the speed of the coronary revascularization procedure

[17]. Consequently, the study of the weekend effect on

surgical complications is an important consideration for

kidney transplant recipients. In contrast with Sch€utte-

N€utgen et al. [10], who reported a higher rate of com-

plications after weekend surgical procedures, we

observed no significant difference in urological compli-

cations, but significantly less vascular complications for

weekend transplantations.

While we showed that this protective effect was not

due to a lower weekend group CIT, how to explain this

unexpected finding.

This result can be due to differences in the organiza-

tion of the operating room on the one hand and the

experience of the surgeons on the other. Some clues

could be provided by studies comparing graft outcomes

and surgical complications depending on the time of

the surgery [18–21]. Indeed, similarly to the weekend

days, human, and material resources are limited during

the night. Except one [18], these studies reported simi-

lar outcome whatever the time of the day. Interestingly,

the most recent and well-conducted study [20] revealed

Figure 3 Cumulative probability of acute rejection for weekday and weekend groups.
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significantly less pure technical graft failures on night-

time (defined as graft loss within ten days after the

transplantation without signs of acute rejection, exclud-

ing cases of primary non-function and non-viable kid-

ney). These results from the Netherlands are coherent

with our findings since vascular complications explained

most graft failures. Authors suggested that this differ-

ence could be due to a more quiescent operation room

during nightly hours, which is possibly associated with

positive impacts on surgical performances [22,23]. Dif-

ferences in the surgeons’ experience could also explain

this paradox. In France, during the week-days, kidney

transplants are mainly performed by the surgical stu-

dents under the supervision of senior surgeons, while

for better efficiency, weekends surgical organization

often differs, and transplantations are mostly performed

by the latter. Transplant surgery has become more com-

plex, especially at the vascular level due to the aging of

donors and recipients [24]. Kulu et al. [25] reported the

young age of a surgeon as a risk factor of vascular and

hemorrhagic complications after kidney transplantation.

In relation to this, Lim et al. [26] explored the two-

way interaction between vascular disease and weekend

transplants using a large study of over 6,000 deceased

donor kidney transplant recipients from the ANZDATA

registry (Australia and New Zealand). While early and

late graft failures were not different between weekday

and weekend transplants in the entire cohort, early graft

failure attributed to vascular complications were more

common for transplantations performed on the week-

end in patients with a history of vascular disease (15%

of the entire cohort). Compared to our observations,

these apparently conflicting results could be due to dif-

ferent hospital procedures. A deeper analysis will be

required to explore this idea, nevertheless, the corre-

sponding data (precise recipient vascular history, dura-

tion of time to anastomosis which was reported

associated with the graft survival [27], recipient surgery

complexity, surgical expertise, etc.) are not collected in

our database.

Importantly, even though we demonstrated a statisti-

cally significant difference in the percentage of vascular

surgical complications between the weekend and the

weekday groups, this absolute difference was only 2.9%

(95% CI: 1.1%; 4.8%; P = 0.0023). While our sample

size was high, the small effect may be clinically irrele-

vant. Our analysis may have additional limitations.

Firstly, we did not explore all possible outcomes, for

instance, the hospitalization length was not analyzed.

Secondly, we did not study DGF, which is defined in

our database as the need for at least one dialysis session

in the first seven days post-transplantation, because this

criterion is not available for pre-emptive transplanta-

tions and patients under peritoneal dialysis before trans-

plantation.

An increase in kidney discard rate during the week-

ends has been previously reported in the United States,

suggesting that organ selection could hide an otherwise

detrimental weekend effect on outcomes[7,28]. While

transplantation discard rate cannot be established in our

cohort, such selectivity could partially explain the

observed inter-center variability in the proportion of

transplantation performed on the weekend, ranging

from 27.7 to 33.9%. However, as recently demonstrated,

the organ acceptance rate in France is higher than in

the United States [29] and we did not observe either

difference in the donor quality according the time of

the week nor center effect. Otherwise, studies on organ

acceptance patterns in the United States demonstrated

that transplants are harder to place during the weekends

[30,31]. While French allocation rules are different, we

do not know whether similar concern prevails. How-

ever, we reported a shorter cold ischemic time for trans-

plantations performed during weekends than those

during weekdays, suggesting the absence of differences

in the organ acceptance between weekends and week-

days.

In summary, our study demonstrated no significant

difference in patient or graft survival between weekend

or weekday surgeries, but we did observe a small signifi-

cantly lower risk of vascular surgical complications in

transplantations performed during weekends. This

observation may be specific to this French cohort, and

this needs further exploration to identify possible rea-

sons for this protective weekend effect, and whether this

could be translated into improved weekday surgeries

and clinical/hospital management.
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