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Survival Outcomes Are Not Affected When Liver 
Transplant Surgery Is Done at Night, During 
Weekends, or Summer Months
Paul J. Thuluvath, MD,1 Waseem Amjad, MD,1 Yulia Savva, PhD,1 Avesh J. Thuluvath, MD,2  
and John LaMattina, MD3

It has been suggested that hospitalized patients may get sub-
optimal care from physician during nights, weekends, or 

summer holidays due to sleep deprivation, fatigue, or reduced 
medical staffing. Many studies have shown that patients hospi-
talized outside regular working hours with myocardial infarc-
tion,1 pulmonary embolism,2 stroke,3 ruptured abdominal 
aortic aneurysm,4 heart failure,5 or gastrointestinal bleeding6 
have worse outcomes, but there are few conflicting reports.7-10 
Except for emergency surgical procedures, most complex 
surgical procedures are done electively. However, when such 
surgeries are performed at night, a higher incidence of seri-
ous complication rates has been reported with colorectal, 

laparoscopic, and orthopedic surgeries.11-15 Similarly, percu-
taneous coronary interventional procedures done during off 
hours are associated with serious adverse events, including 
myocardial infarction and mortality.14

Successful outcome of liver transplantation (LT) depends 
on the active and optimal participation of a multidisciplinary 
team of surgeons, anesthesiologists, nurses, and technicians. 
Although many LT are done semielectively, organ availability 
and procurement determine the start time of liver transplant 
surgery for a significant number of patients. The impact of 
nighttime or weekend surgeries on survival had been previ-
ously examined in thoracic organs and kidney transplants 

Liver Transplantation

Background. It has been suggested that hospitalized patients may get suboptimal care in nights or on weekends or 
summer holidays due to sleep deprivation, physician fatigue, or reduced medical staffing. Our objective was to determine 
whether there were differences in outcomes when surgery was performed in the night (10 pm–6 am), on weekends (Saturday 
or Sunday), or during summer months (June–August). Methods. We used United Network for Organ Sharing (UNOS) 
data sets of adults transplanted between February 27, 2002, and September 30, 2016. We estimated the start time of liver 
transplant surgery by utilizing the cross-clamp time and cold ischemia time (cross-clamp time + cold ischemia time – 2 h). 
The survival outcomes were estimated by Kaplan-Meier survival analysis. Patients with hepatocellular carcinoma (HCC) were 
analyzed separately. The independent effect of time of transplant on outcomes was analyzed after adjusting for common 
confounders, including Model for End-stage Liver Diseases scores and transplant center volume. Results. During the 
study period, 4 434 (9.6%) were done in the night, 12 147 (26.4%) over weekends, and 11 976 (26%) during summer months. 
The graft and patient survival and complications were not influenced by the time of transplant for both HCC and non-HCC 
population. Cox regression analysis after adjusting for risk factors, including Model for End-stage Liver Diseases, donor risk 
index, and liver center volume, confirmed that there were no significant differences in outcomes. Conclusions. Our study 
showed that the time of transplant surgery whether done during nights, weekends, or summer months had no effect on graft 
or patient survival irrespective of center volume, patient, or donor risk factors.
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with discordant results.16-20 One possible explanation for this 
discrepancy, especially from single-center reports, could be 
related to differences in center experience (center volume). A 
large study using United Network for Organ Sharing (UNOS) 
data, however, showed that patient survival after heart and 
lung transplantations was not influenced by nighttime sur-
gery.16 Two studies that examined nighttime renal transplan-
tation came with different results. While the report from the 
United Kingdom did not see any increased complications, a 
German study showed significantly higher reoperation rates 
(16.8% vs 6.4%) and graft loss when renal transplantation 
was performed at night.17,18 However, 2 large studies, one from 
the United Kingdom and one from the United States, showed 
that weekend renal transplant had minimal impact on graft 
and patient survival.19,20 Similarly, 2 previous studies on LT 
reported conflicting outcomes.2,21 A single-center study that 
examined LT outcomes stratified by day and night showed 
longer operating time and greater risk of early death (haz-
ard ratios [HR], 2.8; 95% confidence interval [CI], 1.2–7.0;  
P = 0.023) rates when liver transplants were done at night.22 
Another study that examined outcomes based on UNOS data 
from 1987 to 2010 showed that both nighttime and weekend 
LT had no effect on posttransplant survival.21 Liver alloca-
tion by UNOS has gone through many changes in the last 16 
years, including the use of Model for End-stage Liver Diseases 

(MELD) scores for organ allocation in 2002, implementa-
tion of share 15 Regional in 2005, share 15 National and 
share 35 Regional in 2013.23 Moreover, indication for LT, age, 

FIGURE 1. Flowchart showing patient population. HCC, 
hepatocellular carcinoma; UNOS, United Network for Organ Sharing.

TABLE 1.

Clinical characteristics of the study population

Characteristics Night Day P Weekend Weekday P Summer Fall–spring P

N 4434 41 546  12 147 33 833 – 11 976 34 004 –
Age, mean (SD) 52.5 (10.6) 52.2 (10.9) 0.05 52.2 (10.9) 52.2 (10.9) 0.8 52.1 (10.8) 52.2 (10.9) 0.5
Gender, N (%)
 Female 1639 (37%) 15 891 (38.2%) 0.09 4622 (38.1%) 12 908 (38.2%) 0.8 4514 (37.7%) 13 016 (38.3%) 0.3
Ethnicity, N (%)
 White 3345 (75.4%) 31 188 (75.1%) 0.7 9024 (74.3%) 25 509 (75.4%) 0.1 8961 (74.8%) 25 572 (75.2%) 0.6
 African American 391 (8.8%) 3675 (8.8%)  1108 (9.1%) 2958 (8.7%)  1103 (9.2%) 2963 (8.7%)  
 Hispanic 528 (11.9%) 5024 (12.1%)  1500 (12.3%) 4052 (12%)  1445 (12.1%) 4107 (12.1%)  
 Asian 112 (2.5%) 1170 (2.8%)  359 (3%) 923 (2.7%)  325 (2.7%) 957 (2.8%)  
 Other 58 (1.3%) 489 (1.2%)  156 (1.3%) 391 (1.2%)  142 (1.2%) 405 (1.2%)  
BMI, mean (SD) 28.5 (5.9) 28.4 (5.9) 0.1 28.6 (5.9) 28.4 (5.9) 0.0006 28.4 (5.9) 28.4 (5.9) 0.8
Morbid obesity, N (%) 183 (4.1%) 1619 (3.9%) 0.5 513 (4.2%) 1289 (3.8%) 0.04 471 (3.9%) 1331 (3.9%) 0.9
Type 2 DM, N (%) 712 (16.9%) 6054 (15.5%) 0.02 1821 (15.9%) 4945 (15.6%) 0.4 1761 (15.6%) 5005 (15.7%) 0.9
Serum creatinine, mean (SD) 1.51 (1.11) 1.53 (1.16) 0.2 1.57 (1.16) 1.52 (1.15) <0.0001 1.52 (1.13) 1.53 (1.17) 0.2
Albumin, mean (SD) 2.95 (0.74) 2.95 (0.73) 0.9 2.94 (0.73) 2.96 (0.73) 0.1 2.95 (0.73) 2.95 (0.73) 0.7
Dialysis, N (%) 483 (10.9%) 4418 (10.6%) 0.6 1423 (11.7%) 3478 (10.3%) <0.0001 1223 (10.2%) 3678 (10.8%) 0.06
MELD score, mean (SD) 25.0 (9.8) 24.6 (9.9) 0.007 25.4 (10.1) 24.3 (9.87) <0.0001 24.6 (9.9) 24.6 (9.9) 0.9
Encephalopathy 3–4 grade, N (%) 639 (14.5%) 6209 (15%) 0.4 2008 (16.6%) 4840 (14.4%) <0.0001 1733 (14.5%) 5115 (15.1%) 0.1
Encephalopathy, N (%) 3291 (74.7%) 30 654 (74.2%) 0.5 9021 (74.8%) 24 924 (74.1%) 0.1 8830 (74.1%) 25 115 (74.3%) 0.5
Diagnosis, N (%)
 HCV 1549 (34.9%) 14 315 (34.5%) 0.001 4127 (34%) 11 737 (34.7%) <0.0001 4038 (33.7%) 11 826 (34.8%) 0.007
 Alcoholic cirrhosis 783 (17.7%) 7332 (17.6%)  2173 (17.9%) 5942 (17.6%)  2198 (18.4%) 5917 (17.4%)  
 Autoimmune hepatitis 146 (3.3%) 1409 (3.4%)  418 (3.4%) 1137 (3.4%)  400 (3.3%) 1155 (3.4%)  
 NASH and cryptogenic cirrhosis 804 (18.1%) 6689 (16.1%)  1968 (16.2%) 5525 (16.3%)  2000 (16.7%) 5493 (16.2%)  
 PBC and PSC 411 (9.3%) 4538 (10.9%)  1194 (9.8%) 3755 (11.1%)  1327 (11.1%) 3622 (10.7%)  
 Other 741 (16.7%) 7263 (17.5%)  2267 (18.7%) 5737 (17%)  2013 (16.8%) 5991 (17.6%)  
LT center, N (%)
 <20 LT/y 141 (3.2%) 1165 (2.8%) 0.005 324 (2.7%) 982 (2.9%) 0.4 340 (2.8%) 966 (2.8%) 0.6
 20–50 LT/y 1126 (25.4%) 9779 (23.5%)  2879 (23.7%) 8026 (23.7%)  2800 (23.4%) 8105 (23.8%)  
 >50 LT/y 3167 (71.4%) 30 602 (73.7%)  8944 (73.6%) 24 825 (73.4%)  8836 (73.8%) 24 933 (73.3%)  
Donor risk index, mean (SD) 1.80 (0.43) 1.82 (0.45) 0.01 1.82 (0.45) 1.82 (0.45) 0.8 1.81 (0.45) 1.82 (0.45) 0.006

BMI, body mass index; DM, diabetes mellitus; HCV, hepatitis C; LT, liver transplantation; MELD, model for end-stage liver diseases; NASH, nonalcoholic steatohepatitis; PBC, primary biliary cholangitis; 
PSC, primary sclerosing cholangitis; SD, standard deviation.
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TABLE 2.

Major complications

Table Biliary Hepatic artery Primary graft nonfunction

Summer/F, W, S September–May 414 (1.2%) 665 (2%) 968 (2.8%)
June–August 146 (1.2%) 230 (1.9%) 338 (2.8%)

Weekends/weekdays Weekday 431 (1.3%) 670 (2%) 961 (2.8%)
Weekend 129 (1.1%) 225 (1.9%) 345 (2.8%)

Night/day 7 am-9 pm 503 (1.2%) 811 (2%) 1195 (2.9%)
10 pm-6 am 57 (1.3%) 84 (1.9%) 111 (2.5%)

After correcting for multiple testing using a Bonferroni correction P value adjusted = 0.1, there were no significant differences between the other groups. F, fall; S, spring; W, winter.

FIGURE 2. Graft survival probabilities. A, Graft survival stratified by the start time (night vs day) of the procedure (P = 0.26 using a log-rank test). 
B, Graft survival probability stratified by weekends and weekdays LT (P = 0.57 using a log-rank test). C, Graft survival probability stratified by LT 
done in summer or fall-spring (P = 0.30 using a log-rank test). LT, liver transplantation. Continued on next page.
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comorbidities, and severity of liver disease of LT recipients 
have changed over the years, and these changes could have an 
influence on the complexity of LT surgery.24

We hypothesized that patients who are transplanted off 
hours, weekends, and summer months will have a lower 
survival after adjusting for disease severity (MELD), donor 
risk factors (donor risk index [DRI]), and transplant center 
volume. To examine our hypothesis, we performed a retro-
spective cohort analysis using recent UNOS data sets from 
the MELD era. We compared the graft and patient survival 
outcomes of LT done at night and weekends with regular 
working hours and weekdays, respectively, after adjusting for 
known recipient and donor risk factors and center volume. In 
addition, we compared the outcomes of patients transplanted 
during summer months (June–August), when hospital staff-
ing is often suboptimal, with those transplanted during other 
months (Fall–Spring).

PATIENTS AND METHODS

All adult patients listed for LT with the UNOS between 
February 27, 2002, and September 30, 2016 were included 
in the study (Figure 1). We excluded children (younger than 
18 y old), multiple organ transplantations, and hepatocel-
lular carcinoma (HCC). Patients with HCC were analyzed 
separately as they have a variable outcome. We estimated 
the start time of liver transplant surgery by utilizing the 
cross-clamp and cold ischemia times (cross-clamp time 
+ cold ischemia time – 2 h). We stratified patients into 
3 groups: LT done in the night (10 pm–6 am), on week-
ends (Saturday or Sunday), or during summer months 
(June–August). We also examined the outcomes during 
extended, major holiday weekends (December 23–January 
1 for Christmas and day before Thanksgiving until next 
Sunday) when hospitals had suboptimal staffing.

We collected data, including age, sex, ethnicity, body mass 
index, serum creatinine, presence of diabetes mellitus, MELD 
score, presence of hepatic encephalopathy, cause of liver dis-
ease, and DRI. We calculated DRI for all patients as described 
by Feng et al.25 We determined complication rates that resulted 
in graft loss and grouped them as hepatic artery or biliary 
complications and primary graft nonfunction.

The study was exempt from IRB approval since deidenti-
fied data were utilized.

Statistical Methods
The baseline characteristics of patients in the 3 groups 

were compared using t-tests for continuous variables or Chi-
squared tests for categorical variables. We used Kaplan-Meier 
curves to estimate a probability of graft and patient survival, 
and the differences between the groups were assessed by 
log-rank test. The strength of the associations with the risk 
factors, including demographic, clinical, and graft quality 
characteristics, was estimated via HR using Cox proportional 
hazard regressions. For this analysis, those variables that were 
significant at P ≤0.1 by univariate analysis were included in 
a multivariate model. The variables included in univariate 
analysis were age, sex, race, MELD score, presence of mor-
bid obesity (body mass index ≥ 40) or hepatic encephalopa-
thy, etiology of liver disease, DRI, and liver transplantation 
(LT) center volume stratified into 3 groups (<20, 20–50, and 
>50 per y). The relative risk of graft and patient failure was 
adjusted for the differences in distributions of the risk factors 
between the 3 groups and is expressed as HR with 95% CIs.

RESULTS

Demographic and Clinical Characteristics
During the study period, 75 674 adult liver transplants 

were performed. After excluding HCC (n = 23 716) and 5 978 

FIGURE 2. Continued.
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with multiorgan transplants, 45 980 were available for the 
analysis. Of these, 11 976 (26%) were performed during sum-
mer, 12 147 (26%) during weekends, and 434 (10%) at nights 
(Figure  1). During Christmas and Thanksgiving weekends, 
1 347 liver transplants were done. Overall 23 716 patients 
with HCC were transplanted during the same period; of 
these, 2 440 had LT surgery at night, 6 352 over weekends, 
and 6 332 during summer months.

There were few differences in patient characteristics 
between the groups as shown in Table 1. Although some of 
the differences were statistically significant (mainly because of 
the power of the study due to large sample size), the differ-
ences between the study groups were not clinically significant. 
Prevalence of type 2 diabetes mellitus was marginally higher in 
patients undergoing liver transplant at night (16.9% vs 15.5%,  
P = 0.02) as compared with those done during regular work-
ing hours. Dialysis (11.7% vs 10.3%, P = <0.0001) and grade 
3–4 encephalopathy (16.6% vs 14.4, P = <0.0001) were more 
common in weekend transplants when compared with regular 

working hours. The most common indication for the trans-
plant was viral hepatitis followed by alcoholic cirrhosis, non-
alcoholic steatohepatitis, cryptogenic cirrhosis, primary biliary 
cirrhosis, and primary sclerosing cholangitis.

The MELD scores were marginally higher in patients who 
received LT at night or on a weekend. The DRI was minimally 
lower for nights and summer LT and similar for weekdays 
and weekends. While comparatively more liver transplants 
were done at night in transplant centers that performed either 
<20 or 20–50 LT/y, more transplants were done during regu-
lar working hours in transplant centers that performed >50 
LT/y. Otherwise, there were no differences in the proportion 
of transplantation done during summer months or weekends 
based on transplant center volume.

During the study period, there were 895 (2%) hepatic artery 
complications, 560 (1.2%) biliary complications, and 1306 
(2.8%) primary graft nonfunction that resulted in graft fail-
ure. There were no differences in the above complication rates 
at night, on weekends, or during summer months (Table 2).

TABLE 3.

The hazard rate ratios for the graft loss for 3 groups (night, weekend, and summer)

Night vs day Weekend vs weekday Summer vs other mo

Adjusted HR (95% CI) P Adjusted HR (95%CI) P Adjusted HR (95% CI) P

Age 1.01 (1.007-1.011) <0.01 1.01 (1.007-1.011) <0.01 1.01 (1.01-1.01) <0.01
Gender
 Male 1.00  1.00  1.00  
 Female 0.97 (0.93-1.00) 0.08 0.97 (0.93-1.00) 0.08 0.97 (0.93-1.00) 0.08
Race
 White 1.00  1.00  1.00  
 Black 1.25 (1.18-1.33) <0.01 1.25 (1.18-1.33) <0.01 1.25 (1.18-1.33) <0.01
 Hispanic 0.90 (0.85-0.95) <0.01 0.90 (0.85-0.95) <0.01 0.90 (0.85-0.95) <0.01
 Asian 0.74 (0.65-0.84) <0.01 0.74 (0.65-0.84) <0.01 0.74 (0.65-0.84) <0.01
 Other 0.97 (0.82-1.16) 0.8 0.97 (0.82-1.16) 0.8 0.97 (0.82-1.16) 0.77
Morbid obesity 1.08 (0.99-1.19) 0.1 1.08 (0.99-1.19) 0.09 1.08 (0.99-1.19) 0.1
BMI       
Diagnosis
 PBC and PSC 1.00  1.00  1.00  
 HCV 1.48 (1.38-1.59) <0.01 1.48 (1.38-1.59) <0.01 1.48 (1.38-1.59) <0.01
 AC 1.10 (1.02-1.20) 0.01 1.10 (1.02-1.20) 0.01 1.10 (1.02-1.20) 0.01
 AIH 1.25 (1.11-1.41) <0.01 1.25 (1.11-1.41) <0.01 1.25 (1.11-1.41) <0.01
 HCC 3.11 (1.17-8.27) 0.02 3.12 (1.17-8.30) 0.02 3.12 (1.17-830) 0.02
 NASH and Cryptogenic 1.10 (1.02-1.19) 0.02 1.10 (1.02-1.19) 0.02 1.10 (1.02-1.19) 0.02
 Other 1.16 (1.075-1.257) <0.01 1.16 (1.08-1.26) <0.01 1.16 (1.08-1.26) <0.01
MELD score 1.01 (1.007-1.01) <0.01 1.01 (1.01-1.01) <0.01 1.01 (1.01-1.01) <0.01
Encephalopathy 1.05 (1.01-1.10) 0.02 1.05 (1.01-1.10) 0.02 1.05 (1.09-1.10) 0.02
Center, LTs/y
 <20 1.00  1.00  1.00  
 20–50 1.01 (0.90-1.13) 0.9 1.01 (0.90-1.13) 0.9 1.01 (0.90-1.13) 0.9
 >50 0.97 (0.87-1.09) 0.6 0.97 (0.87-1.09) 0.6 0.97 (0.87-1.09) 0.63
Time of surgery
 7 am–9 pm 1.00      
 10 pm–6 am 0.98 (0.93-1.04) 0.5     
Weekday   1.00    
Weekend   0.99 (0.95-1.03) 0.6   
Spring, Fall, and Winter     1.00  
Summer     0.99 (0.95-1.03) 0.5
Donor Risk Index 1.45 (1.40-1.51) <0.01 1.45 (1.40-1.51)  1.45 (1.40-1.51) <0.01

AC, alcoholic cirrhosis; AIH, autoimmune hepatitis; BMI, body mass index; CI, confidence interval; HCV, hepatitis C; HCC, hepatocellular carcinoma; HR, hazard ratios; LT, liver transplantation; MELD, 
model for end-stage liver diseases; NASH, nonalcoholic steatohepatitis; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis.
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Graft and Patient Survival Based on the Time of 
Transplant Surgery

The graft and patient survival rates were similar irrespective 
of whether surgery was done at night (Figure 2A and B), on 
weekends (Figures  2B and 3B), or during  summer months 
(Figures 2C and 3C). When the above analysis was repeated 
for patients with MELD score 35 or more, the overall mortal-
ity rates at night (26.3% vs 27.0% during day), on weekends 

(26.8% vs 27.0% weekdays), and during  summer months 
(27.2% vs 26.9% during other mo) were similar, suggesting 
that the survival was unaffected when liver transplant surger-
ies were performed at night, on weekends, or during summer 
months in sicker patients.

When we combined LT surgeries done during extended 
Christmas or Thanksgiving weekends and compared with 
other weekends or weekdays, there were no differences in 

FIGURE 3. Patient survival probabilities. A, Patient survival stratified by the start time (night vs day) of the procedure (P = 0.23 using a log-
rank test). B, Patient survival probability stratified by weekends and weekdays LT (P = 0.78 using a log-rank test). C, Patient survival probability 
stratified by LT done in summer or fall-spring (P = 0.52 using a log-rank test). LT, liver transplantation. Continued on next page.
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patient survival (Figure S1, SDC, http://links.lww.com/TXD/
A206). When HCC patients were analyzed separately, there 
were no differences in survival when surgeries are done night, 
weekends, or summer months (Figure S2A–C, SDC, http://
links.lww.com/TXD/A206).

The results of Cox regression analysis (HR with 95% 
CIs), after adjusting for confounding variables, for graft and 
patient failure are shown in Tables 3 and 4. The same analy-
sis before adjusting for risk factors is provided in Table S1 
(SDC, http://links.lww.com/TXD/A206). After adjustment 
for confounding risk factors, including MELD score, DRI, 
and transplant center volume, there were no differences in 
survival when transplant surgeries were performed at night, 
on weekends, or during summer months as compared with 
daytime, weekdays, or nonsummer months, respectively. The 
adjusted HR for patient mortality was 0.96 (95% CI, 0.91-
1.03; P = 0.3) for nighttime, 0.98 (95% CI, 0.98-1.02; P = 
0.3) for weekend, and 1.0 (95% CI, 0.95-1.04; P = 0.8) for 
summer LT. The adjusted HR for graft mortality was 0.98 
(95% CI, 0.93-1.04; P = 0.5) for nighttime, 0.99 (95% CI, 
0.95-1.03; P = 0.6) for weekend, and 0.99 (95% CI, 0.95-
1.03; P = 0.5) for summer LT, suggesting that study groups 
had identical outcomes.

DISCUSSION

In this study, contrary to our hypothesis, the outcomes of 
liver transplant surgeries were not affected whether they were 
performed at night, on weekends, or during summer months. 
The Cox regression analysis after adjusting for known patient 
risk factors including MELD, DRI, and liver center volume 
also confirmed that there were no differences in outcomes 
based on the time, day, or month. There were also no differ-
ences during extended major holiday weekends. Moreover, 

there were no differences when data were analyzed in patients 
with MELD scores ≥35, suggesting that even sicker patients 
had the same outcomes. The results were similar for HCC 
and non-HCC patients. These results are very reassuring and 
may suggest that transplant centers, irrespective of center 
volume, have adequate resources throughout the year to per-
form surgery safely. One potential explanation for this could 
be that the surgical, anesthetic, and postoperative intensive 
care may have become very standardized and protocolized. 
Additionally, unlike other emergency surgical procedures, LT 
are almost always performed under the close supervision of a 
senior LT surgeon, supported by a specialized anesthetic and 
support staff who are experienced in working at night and 
on weekends.

A previous single-center study had shown increased oper-
ating time and greater risk of early death (HR, 2.8; 95% 
CI, 1.2-7.0; P = 0.023) when LT were performed at night.22 
Although their observations were disturbing, it is more likely 
a center-specific effect that needs to be addressed at the center 
level and need not be generalized based on our observations. 
A previous UNOS study20 had reached similar conclusion, but 
we have confirmed their observations with more recent data 
and also after adjusting for MELD score, DRI, and center 
volume. There were few differences between our study and 
previous UNOS study.21 We analyzed data of those who were 
transplanted in the MELD era between 2002 and 2016, while 
the previous study analyzed the data from 1987 to 2010. 
Additionally, we examined the impact of summer months 
on outcome. While the previous study defined nighttime as 
7 pm–7 am, we used nighttime as 10 pm–6 am. Moreover, 
we estimated the start time of surgery by adding cross-clamp 
time + cold ischemia time – 2 hours after discussing with our 
liver transplant surgeons whereas other studies just added 
cross-clamp time with cold ischemia time. Both cross-clamp 

FIGURE 3. Continued.
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time and cold ischemia time are clearly recorded in UNOS 
data sets. We also included DRI in our multivariate analy-
sis. Despite these differences, we also found similar outcomes 
when LT were performed on weekends, and this observation 
is consistent with previous studies in heart, lung, kidney, and 
liver transplantations.16,19,20,21,23 We did not find significant dif-
ferences in disease severity, donor quality, or center differences 
for weekend LT in our analysis, and adjusted HR was 0.98 
(95% CI, 0.94-1.02; P = 0.3). To our knowledge, there have 
been no previous studies that have compared outcome during 
summer months when hospitals in the United States have less 
man power, but ours showed the survival is similar in summer 
months.

Despite a large unbiased recipient population who were 
transplanted more recently with more granular data on disease 
severity, comorbidities, and donor risk factors, our study has 
few limitations. In this study, we did not examine the impact 
of organ allocation changes over the years on the outcome 
for following reasons. Our study corroborated the observa-
tions made in a previous study from another era, including 

pre-MELD years.21 In addition, we adjusted our outcomes 
for recipient disease severity, DRI, and center volume, and 
we believe that these variables would capture any impact of 
organ allocation policy changes on outcomes. Another limita-
tion of our study was that we did not know whether some of 
the surgeons who performed the LT were also the ones who 
performed the procurement, which could have an effect on 
surgeons’ fatigue. The weekday group in our study included 
public holidays when most hospitals function like week-
ends. Therefore, we analyzed outcomes for major holidays 
like Christmas and Thanksgiving separately, but our conclu-
sions remained unchanged. Another confounder in our study 
could be higher organ discard rates outside regular working 
hours as has been shown in a previous study on kidney dis-
card rates.26 It is also plausible that marginal organs were 
not considered on weekends, but the identical DRI during 
weekdays and weekends argues against the above possibili-
ties. Another possibility is that centers could have prioritized 
sicker and more complex LT for daytime or weekday LT. The 
mean MELD scores, however, were higher in recipients who 

TABLE 4.

The hazard rate ratios for the patient mortality for 3 groups (night, weekend, and summer)

Night vs day Weekend vs weekday Summer vs other mo

Adjusted HR (95% CI) P Adjusted HR (95% CI) P Adjusted HR (95% CI) P

Age 1.02 (1.015-1.02) <0.01 1.02 (1.02-1.02) <0.01 1.02 (1.015-1.02) <0.01
Gender       
 Male 1.00  1.00  1.00  
 Female 1.00 (0.96-1.04) 0.9 1.00 (0.96-1.04) 0.9 1.00 (0.96-1.04) 0.9
Race       
 White 1.00  1.00  1.00  
 Black 1.23 (1.16-1.32) <0.01 1.24 (1.16-1.32) <0.01 1.24 (1.16-1.32) <0.01
 Hispanic 0.90 (0.84-0.95) <0.01 0.90 (0.84-0.95) <0.01 0.90 (0.84-0.952) <0.01
 Asian 0.74 (0.64-0.84) <0.01 0.73 (0.64-0.84) <0.01 0.74 (0.64-0.84) <0.01
 Other 0.99 (0.82-1.18) 0.9 0.99 (0.82-1.18) 0.9 0.99 (0.82-1.18) 0.9
Morbid obesity 1.10 (1.00-1.21) 0.05 1.10 (1.00-1.21) 0.05 1.10 (1.00-1.21) 0.05
BMI       
Diagnosis       
 PBC and PSC 1.00  1.00  1.00  
 HCV 1.70 (1.57-1.84) <0.01 1.70 (1.57-1.83) <0.01 1.70 (1.57-1.83) <0.01
 AC 1.26 (1.16-1.38) <0.01 1.26 (1.16-1.38) <0.01 1.26 (1.16-1.38) <0.01
 AIH 1.34 (1.18-1.53) <0.01 1.34 (1.18-1.53) <0.01 1.34 (1.18-1.53) <0.01
 HCC 4.03 (1.51-10.76) <0.01 4.05 (1.52-10.84) <0.01 4.04 (1.51-10.80) <0.01
 NASH and Cryptogenic 1.21 (1.11-1.32) <0.01 1.21 (1.11-1.32) <0.01 1.21 (1.11-1.32) <0.01
 Other 1.28 (1.1721.39) <0.01 1.28 (1.17-1.39) <0.01 1.28 (1.17-1.39) <0.01
MELD score 1.01 (1.01-1.01) <0.01 1.01 (1.01-1.01) <0.01 1.01 (1.01-1.01) <0.01
Encephalopathy 1.06 (1.01-1.11) 0.02 1.06 (1.01-1.11) 0.02 1.06 (1.01-1.11) 0.02
Center, LTs/y       
 <20 1.00  1.00  1.00  
 20–50 0.95 (0.85-1.07) 0.4 0.95 (0.85-1.07) 0.4 0.95 (0.85-1.07) 0.4
 >50 0.90 (0.80-1.01) 0.07 0.90 (0.80-1.01) 0.07 0.90 (0.80-1.01) 0.07
Time of surgery       
 7AM-9PM 1.00      
 10PM-6AM 0.96 (0.91-1.03) 0.3     
Weekday   1.00    
Weekend   0.98 (0.94-1.02) 0.3   
Spring, Fall, and Winter     1.00  
Summer     1.00 (0.95-1.04) 0.8
Donor risk index 1.39 (1.34-1.45) <0.01 1.39 (1.34-1.45) <0.01 1.39 (1.34-1.45) <0.01

AC, alcoholic cirrhosis; AIH, autoimmune hepatitis; BMI, body mass index; CI, confidence interval; HCV, hepatitis C; HCC, hepatocellular carcinoma; HR, hazard ratios; LT, liver transplantation; MELD, 
model for end-stage liver diseases; NASH, nonalcoholic steatohepatitis; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis.
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were transplanted at night and on  weekends. Moreover, in 
the MELD era, transplant centers have limited ability to allot 
organs preferentially based on the time of the day or day of 
the week. Although we were not able to determine all compli-
cation rates, including reoperation rates (data not available), 
we did not find any differences in hepatic artery or biliary 
complications or primary graft nonfunction rates that resulted 
in graft loss between the groups.

In summary, we believe that our findings are robust enough 
to conclude that outcomes of LTs performed in the US hos-
pital are unaffected when surgeries are performed at night, 
on weekends, and during summer months. These observations 
will be very reassuring for patients and their families.
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