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Abstract
Donation after circulatory death (DCD) liver transplantation (LT) outcomes 
have been attributed to multiple variables, including procurement surgeon 
recovery techniques. Outcomes of 196 DCD LTs at Mayo Clinic Arizona were 
analyzed based on graft recovery by a surgeon from our center (transplant 
procurement team [TPT]) versus a local procurement surgeon (non-TPT 
[NTPT]). A standard recovery technique was used for all TPT livers. The re-
covery technique used by the NTPT was left to the discretion of that surgeon. 
A total of 129 (65.8%) grafts were recovered by our TPT, 67 (34.2%) by the 
NTPT. Recipient age (p = 0.43), Model for End-Stage Liver Disease score 
(median 17 vs. 18; p = 0.22), and donor warm ischemia time (median 21.0 
vs. 21.5; p = 0.86) were similar between the TPT and NTPT groups. NTPT 
livers had longer cold ischemia times (6.5 vs. 5.0 median hours; p < 0.001). 
Early allograft dysfunction (80.6% vs. 76.1%; p = 0.42) and primary nonfunc-
tion (0.8% vs. 0.0%; p  =  0.47) were similar. Ischemic cholangiopathy (IC) 
treated with endoscopy occurred in 18.6% and 11.9% of TPT and NTPT grafts 
(p = 0.23). At last follow-up, approximately half of those requiring endoscopy 
were undergoing a stent-free trial (58.3% TPT; 50.0% NTPT; p = 0.68). IC re-
quiring re-LT in the first year occurred in 0.8% (n = 1) of TPT and 3.0% (n = 2) 
of NTPT grafts (p = 0.23). There were no differences in patient (hazard ratio 
[HR], 1.95; 95% confidence interval [CI], 0.76–5.03; p = 0.23) or graft (HR, 
1.99; 95% CI, 0.98–4.09; p = 0.10) survival rates. Graft survival at 1 year was 
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INTRODUCTION

Despite improving outcomes with donation after cir-
culatory death (DCD) liver transplantations (LTs), liver 
allografts from DCD donors continue to be underused. 
Although contemporary data have demonstrated good 
outcomes with DCD grafts, concerns regarding de-
creased survival, ischemic cholangiopathy (IC), and 
primary nonfunction (PNF) continue to prevent wider 
use of DCD livers.[1–7] In addition, the resource usage 
required to facilitate organ procurement and the lack of 
reliable indicators predicting donor progression to cir-
culatory death and donor warm ischemia time (DWIT) 
continue to be barriers to DCD liver use in the United 
States.[8–10] Some of the variability in DCD outcomes 
has been attributed to procurement events, the re-
covering surgeon, and center experience.[2,11,12] In the 
United Kingdom and Eurotransplant, there is more uni-
formity in organ recovery techniques, and it is common 
for there to be a regional on-call procurement team. In 
the United States, however, there is considerable vari-
ability in recovery techniques, and most centers use 
their own team (transplant procurement team [TPT]) for 
liver allograft recovery, particularly for DCD donors. At 
our program, we initially started using livers procured 
by the local surgeon (nontransplant procurement team 
[NTPT]) when there were time constraints for the DCD 
recovery and our TPT was unable to travel within the al-
lotted time. With increasing experience, we have begun 
to rely more on NTPT, particularly for out-of-state do-
nors. The aim of this study was to analyze the out-
comes of DCD livers procured by our TPT compared 
with those procured by the NTPT.

PATIENTS AND METHODS

This was a retrospective study of patients who un-
derwent DCD LT at Mayo Clinic Arizona between 
January 2015 and December 2020. Multivisceral trans-
plants were excluded. Two groups were defined: DCD 
liver grafts recovered by surgeons from our TPT and 
DCD liver grafts recovered by local surgeons (NTPT). 
Surgeons in the NTPT cohort included those from cent-
ers that do not routinely use DCD liver donors as well 
as fellows. This study was approved by the Mayo Clinic 
Institutional Review Board (no. 20-006586).

A standardized approach to recovery was used for 
DCD grafts recovered by our center during this period.[3] 

Our recovery approach consists of a rapid recovery 
technique in which the abdomen is incised to allow max-
imal exposure, a medial visceral rotation is performed, 
and the aorta is cannulated. We use a standardized 
instrument setup that we prepare prior to donor with-
drawal of support. The aortic in situ flush is begun with 
histidine-tryptophan-ketoglutarate (HTK) preservation 
solution, and is followed by sequential clamping of the 
supraceliac aorta, venting of the inferior vena cava in 
the abdomen, placement of ice, opening of the ster-
num, and transection of the suprahepatic vena cava. 
Following these steps, the portal vein (PV) is identified 
at the level of the pancreas and cannulation of the supe-
rior mesenteric vein–splenic confluence is performed to 
allow for an additional portal venous in situ flush.

DCD organ donation protocols are widely variable 
in the United States, and determination of which dona-
tion protocols are used is decided by the donor hospi-
tal. The recovery technique and preservation solution 
used by the NTPT cohort was left to the discretion of 
the surgeon. Our center considers all DCD offers re-
gardless of hospital-specific DCD donor protocol vari-
ability. Criteria used by our center to accept and use a 
DCD liver allograft include (1) donor age <65 years; (2) 
DWIT of <30 min; (3) gross appearance; and (4) when 
performed, satisfactory liver allograft biopsy findings 
confirmed by our center's pathology team.

DWIT was defined as the time from withdrawal of 
donor support to aortic flushing with a preservation 
solution. This is the definition we use in our clinical 
decision making. Functional DWIT (fDWIT) was de-
fined as the time from donor systolic blood pressure 
<50 mm Hg to aortic flushing to align with the UK DCD 
score,[13] although we do not use fDWIT as part of our 
organ acceptance decision-making process. The donor 
risk index (DRI) was calculated using the following 
donor variables: age, cause of death, race, DCD status, 
partial-liver or split-liver graft, height, organ location, 
and cold ischemia time (CIT).[14,15] The UK DCD score 
was calculated as described by Schlegel et al.[13] Our 
center does not use composite DCD risk index scores 
to make clinical decisions regarding DCD use.[13–15] 
Early allograft dysfunction (EAD) was defined as biliru-
bin >10 mg/dl on Day 7, international normalized ratio 
(INR) >1.6 on Day 7, or alanine aminotransferase (ALT) 
and/or aspartate aminotransferase (AST) >2000  IU/L 
within the first 7  days.[16] PNF was defined as early 
graft failure requiring retransplantation in the absence 
of technical or immunologic problems.

91.5% for TPT grafts and 95.5% for NTPT grafts. Excellent outcomes can be 
achieved using NTPT for the recovery of DCD livers. There may be an op-
portunity to expand the use of DCD livers in the United States by increasing 
the use of NTPT.
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IC was defined as presence of nonanastomotic 
extrahepatic or intrahepatic bile duct strictures in the 
absence of hepatic artery (HA) stenosis or HA throm-
bosis (HAT) identified with imaging.[13] All cases of IC 
were confirmed with endoscopic cholangiography. 
Indications for first post-LT endoscopy include the 
presence of a normal liver ultrasound (no underlying 
vascular or technical issue) with either of the following: 
(1) cholesteric pattern of liver injury beyond the first 
posttransplant week or (2) failure for bilirubin to nor-
malize by 3 weeks after transplant.[3] IC patterns (minor 
form, confluence dominant, multifocal progressive, dif-
fuse necrosis) were classified as recently published.[17]

Patients received methylprednisolone for induction 
and were then started on triple drug immunosuppres-
sion (tacrolimus, prednisone, mycophenolate mofetil). 
Maintenance immunosuppression was reduced to tac-
rolimus monotherapy by 3–4  months after transplant 
unless otherwise indicated, with trough levels main-
tained at 4–7 ng/ml.

Statistical methods

Continuous variables were described using means and 
standard deviations, and categorical variables were 
described using count and percentage. Baseline and 
posttransplant characteristics were analyzed using t-
tests and chi-square analysis. Survival analysis was 
performed using the Kaplan–Meier curve method. Data 
were analyzed using GraphPad Prism 8.1.0 (GraphPad 
Software, Inc.). Multivariable regression analysis was 
completed looking at risk for DCD cholangiopathy at 1 
year after LT.

RESULTS

During this period, 129 DCD LTs were recovered using 
our TPT (65.8%); 67 were procured by the NTPT 
(34.2%). In this series, our surgical team attempted 
368 DCD LT recoveries, of which 129 (35.1%) were 
successful. A total of 20 local recovery surgeons with-
out affiliations to our center were used for the 67 NTPT 
recoveries that occurred in 13 organ procurement or-
ganizations (OPOs) spanning Organ Procurement 
and Transplantation Network (OPTN) Regions 4, 5, 6, 
and 8. For these NTPTs, 60% (n = 12) of the surgeons 
were practicing transplant surgeons, all of whom had 
completed training at fellowships not affiliated with our 
center; 25% (n = 5) were organ recovery surgeons who 
only work for OPOs; 10% (n = 2) were fellows from non-
affiliated institutions; and one (n = 1, 5%) was a recov-
ery technician (nonmedical doctor) who works for an 
OPO (Table 1).

Donor and recipient variables for the two groups 
are shown in Table  1. The overall median Model for 

End-Stage Liver Disease (MELD) score in both groups 
was 18 (TPT 17 vs. NTPT 18; p = 0.22). Alcohol and 
nonalcoholic steatohepatitis (NASH) were the most 
common indications for LT (p  =  0.56), and most pa-
tients did not have hepatocellular carcinoma (72.4%; 
n  =  142). A small number of recipients had either a 
transjugular intrahepatic portosystemic shunt (TIPS) 
16.3%, n = 32) or PV thrombosis (17.9%, n = 35) at the 
time of transplant. The majority of recipients were not 
hospitalized at the time of liver offer (93.9%, n = 184).

Liver allografts recovered using an NTPT were more 
likely to be regional (76.1% vs. 61.2%) or national (17.9% 
vs. 12.4%) offers (p = 0.003); 10.4% (n = 7) of these al-
lografts were post–cross clamp offers (Table S4). Both 
groups had a similar DRI score (p = 0.79) and a sim-
ilar number of high-risk grafts compared with the TPT 
group, as calculated through the UK DCD score (34.9% 
vs. 40.0%; p = 0.14); 4.6% (n = 3) of grafts in the NTPT 
cohort had a futile UK DCD score. Travel distance (me-
dian 609 vs. 370 miles; p < 0.001) and CITs (6.4 ± 1.3 
vs. 5.2 ± 0.9 h; p < 0.001) were longer for livers recov-
ered by an NTPT.

Donor withdrawal of support occurred in the operat-
ing room (OR) for 45.7% of livers recovered by our TPT 
and 52.2% of livers recovered by the NTPT (p = 0.13). 
Withdraw locations outside the OR included the inten-
sive care unit (ICU) and the preoperative anesthesia 
care unit. There were no time differences between the 
teams when assessing donor withdrawal of support to 
declaration of death (p  =  0.41), donor declaration of 
death to aortic flush (p = 0.71), fDWIT (11.9 ± 4.5 vs. 
11.4 ± 3.7 min; p = 0.45), or DWIT (p = 0.86). HTK was 
more commonly used by our TPT (p < 0.001; Table 1).

There were no differences in overall hospital length 
of stay (LOS) between TPT and NTPT groups (median 
6.0 vs. 6.0; p  =  0.71). Median ICU LOS was 1.0  day 
for DCD grafts recovered by our TPT compared 
with 2.0  days for DCD grafts recovered by an NTPT 
(p = 0.50; Table 2). Both groups had a similar rate of 
EAD (TPT 80.6% vs. NTPT 76.1%; p = 0.46), with AST 
and/or ALT greater than or equal to 2000 U/L in the 
first week post-LT being the most common criterion ob-
served. No allografts in either group met all three EAD 
criteria. PNF rates were low (TPT 0.8% vs. NTPT 0.0%; 
p = 0.47), with only one observed event that occurred 
in a liver allograft recovered by our TPT. There were no 
differences in liver function tests (total bilirubin, AST, 
ALT, alkaline phosphatase, INR) at 1 week, 1 month, 
4  months, and 1  year after LT when comparing TPT 
and NTPT groups (Table S4).

Biliary anastomotic strictures occurred in similar fre-
quency between groups (p = 0.90; Table 3). The me-
dian time to endoscopy for an anastomotic stricture for 
both groups was 1.8 months. The median number of 
endoscopies required for those with anastomotic stric-
tures was lower compared with that observed for IC 
(median 4.0 vs. 7.0; p = 0.008). The majority of patients 



      |  1729LIVER TRANSPLANTATION

TA B L E  1   Recipient and donor variables and recovering surgeon characteristics

TPT (n = 129) NTPT (n = 67) p value

Recipient

Age, years 57.9 ± 9.3 59.0 ± 8.7 0.43

Female 51 (39.5) 15 (22.4) 0.02

Hispanic 18 (14.0) 12 (17.9) 0.47

0.37

White 103 (79.8) 51 (76.1)

Black 1 (0.8) 2 (3.0)

Other 7 (5.4) 2 (3.0)

Biologic MELD scorea 17.5 ± 6.6 (17.0) 18.8 ± 6.8 (18.0) 0.22

Diagnosis 0.56

Alcohol 29 (22.5) 21 (31.3)

NASH 39 (30.2) 22 (32.8)

HCV 22 (17.1) 12 (17.9)

Cholestatic 12 (9.3) 4 (6.0)

Cryptogenic 10 (7.8) 2 (3.0)

Other 17 (13.2) 7 (10.4)

Hepatocellular carcinoma 35 (27.1) 19 (28.4) 0.18

Prior LT 0 (0.0) 0 (0.0) –

TIPS 22 (17.1) 10 (14.9) 0.70

PV thrombosis 25 (19.4) 10 (14.9) 0.45

Donor

Age, years 50.3 ± 10.1 47.9 ± 10.7 0.12

Female 39 (30.2) 18 (26.9) 0.62

BMI, kg/m2 28.6 ± 6.9 29.2 ± 7.0 0.59

DRI 2.3 ± 0.4 (2.3) 2.3 ± 0.4 (2.4) 0.79

UK DCD score, pointsa 0.14

Low risk, 0–5 83 (64.3) 36 (55.4)

High risk, 6–10 45 (34.9) 26 (40.0)

Futile, >10 1 (0.8) 3 (4.6)

Offer 0.003

Local 34 (26.4) 4 (6.0)

Regional 79 (61.2) 51 (76.1)

National 16 (12.4) 12 (17.9)

CIT, h 5.2 ± 0.9 (5.0) 6.4 ± 1.3 (6.5) <0.001

Recovering surgeon –

Practicing transplant surgeon 129 (100.0) 12 (60.0)

Organ recovery surgeon – 5 (25.0)

Abdominal transplant fellow – 2 (10.0)

Organ recovery technician – 1 (5.0)

Distance from donor hospital to our  
center, miles

370.0 (138.0–412.0) 609.0 (363.0–775.0) <0.001

Local 49.9 ± 55.6 (19.1) 92.5 ± 92.8 (76.0) 0.19

Regional 414.2 ± 135.6 (385.0) 534.4 ± 202 (414.0) <0.001

National 903.5 ± 165.3 (842.0) 1080 ± 247 (1125.0) 0.03
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with an anastomotic stricture were stent free as of last 
follow-up (TPT 82.2%, NTPT 95.8%; p = 0.11).

IC treated with endoscopic intervention occurred 
in 18.6% of DCD grafts recovered by our TPT and 

11.9% of DCD grafts recovered by an NTPT (p = 0.23; 
Table 3). The median time from LT to first endoscopy 
for IC was 2.4 months in the TPT group compared with 
4.1 months in the NTPT group (p = 0.63). Overall, the 

TPT (n = 129) NTPT (n = 67) p value

Donor withdrawal of support location 0.13

Outside the OR 61 (47.3) 23 (34.3)

In the OR 59 (45.7) 35 (52.2)

Data unavailable/missing 9 (7.0) 9 (13.4)

Donor withdrawal of support to declaration of 
death time, min

16.6 ± 5.8 17.3 ± 4.5 0.41

DWIT, min 21.6 ± 6.7 (21.0) 21.7 ± 4.8 (21.5) 0.86

fDWIT, mina 11.9 ± 4.5 (11.0) 11.4 ± 3.7 (11.0) 0.45

Declaration of death-to-aortic flush, min 4.6 ± 2.6 (4.0) 4.5 ± 3.0 (3.0) 0.71

Preservation fluid used for aortic flush <0.001

HTK 113 (87.6) 5 (7.8)

UW 16 (12.4) 59 (92.2)

Volume of aortic flush fluid, L 7.4 ± 2.1 (7.0) 4.4 ± 1.2 (4.0) <0.001

Note: Data are provided as n (%), mean ± standard deviation, mean ± standard deviation (median), or median (range).
Abbreviations: BMI, body mass index; CIT, cold ischemia time; DCD, donation after circulatory death; DRI, donor risk index; DWIT, donor warm ischemia time; 
fDWIT, functional donor warm ischemia time; HCV, hepatitis C virus; HTK, histidine tryptophan ketoglutarate; LT, liver transplantation; MELD, Model for End-
Stage Liver Disease; NASH, nonalcoholic steatohepatitis; NTPT, nontransplant procurement team; OR, operating room; PV, portal vein; TIPS, transjugular 
intrahepatic portosystemic shunt; TPT, transplant procurement team; UW, University of Wisconsin.
aThere were two donors with data missing to calculate the UK DCD score and fDWIT.

TA B L E  1   (Continued)

TA B L E  2   Post-LT outcomes

TPT (n = 129) NTPT (n = 67) p value

ICU LOS, days 1.0 2.0 0.50

Hospital LOS, days 6.0 6.0 0.71

EAD 104 (80.6) 51 (76.1) 0.46

EAD 0.69

0 criteria 25 (19.4) 16 (23.9)

1 criterion 96 (74.4) 46 (68.7)

2 criteria 8 (6.2) 5 (7.5)

Day 7 total bilirubin 
≥10 mg/dl

5 (3.9) 5 (7.5) 0.28

Day 7 INR ≥1.6 3 (2.3) 1 (1.5) 0.70

AST/ALT ≥2000 U/L 
first week

104 (80.6) 50 (74.6) 0.33

Peak post-LT AST, 
U/L

4824 ± 2375 4217 ± 2616 0.86

PNF 1 (0.8) 0 (0.0) 0.47

HAT 1 (0.8) 1 (1.5) 0.64

HA stenosis 15 (11.6) 2 (3.0) 0.04

Note: Data are provided as median, n (%), or mean ± standard deviation.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; EAD, early allograft dysfunction; HA, hepatic artery; 
HAT, hepatic artery thrombosis; ICU, intensive care unit; INR, international 
normalized ratio; LOS, length of stay; LT, liver transplantation; NTPT, 
nontransplant procurement team; PNF, primary nonfunction; TPT, transplant 
procurement team.

TA B L E  3   Biliary outcomes

TPT (n = 129) NTPT (n = 67) p value

Biliary anastomotic 
stricture

45 (34.9) 24 (35.8) 0.90

IC requiring 
endoscopy

24 (18.6) 8 (11.9) 0.23

Time from LT to 
first endoscopy, 
months

2.4 (1.4–3.7) 4.1 (1.9–6.6) 0.63

Number of 
endoscopies

8.8 ± 4.7 (9.0) 6.6 ± 6.0 
(4.5)

0.30

Percentage stent 
free

14 (58.3) 4 (50.0) 0.68

IC patterns 0.83

Minor form 3 (12.5) 1 (12.5)

Confluence 
dominant

10 (41.7) 2 (25.0)

Multifocal 
progressive

8 (33.3) 4 (50.0)

Diffuse necrosis 3 (12.5) 1 (12.5)

IC requiring re-LTa 1 (0.8) 2 (3.0) 0.23

Note: Data are provided as n (%), mean ± standard deviation (median), or 
median (range).
Abbreviations: IC, ischemic cholangiopathy; LT, liver transplantation; NTPT, 
nontransplant procurement team; TPT, transplant procurement team.
aWithin 1 year of LT.
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median number of endoscopies performed was 7.0 be-
tween the two groups (TPT 9.0, NTPT 4.5; p = 0.30). At 
the time of last follow-up, approximately half of those 
requiring endoscopy had been successfully treated and 
were undergoing a stent-free trial (58.3% TPT; 50.0% 
NTPT; p = 0.68). There were no differences in IC pat-
terns between the two groups (p = 0.83). IC requiring 
retransplantation in the first year occurred in 0.8% 
(n  =  1) of grafts recovered by our TPT versus 3.0% 
(n = 2) for those recovered by the NTPT (p = 0.23). Four 
additional patients required retransplantation within a 
year as a result of cholestatic allograft failure in the set-
ting of hepatic arterial issues. These allografts were all 
recovered by our TPT. In looking beyond the first post-
transplant year, 2.0% of patients required retransplan-
tation for IC (3.1% TPT vs. 1.5% NTPT; p = 0.69). Those 
with a diffuse necrosis IC pattern were more likely to 
fail endoscopic interventions and need re-LT (Table 3).

There were no differences in patient survival (haz-
ard ratio [HR], 1.95; 95% confidence interval [CI], 
0.76–5.03; p = 0.23), graft survival (HR, 1.99; 95% CI, 
0.98–4.09; p = 0.10), or death-censored graft loss (HR, 
1.77; 95% CI, 0.66–4.79; p = 0.31; Figure 1). Median 
follow-up was 3.5 years (interquartile range [IQR], 2.4–
5.3 years) for DCD grafts recovered by our TPT and 
3.5  years (IQR, 2.1–5.6 years) for DCD grafts recov-
ered by NTPT surgeons. The 1-year patient and graft 
survival rates were 95.3% and 91.5%, respectively, in 
the TPT group compared with 98.5% and 95.5%, re-
spectively, in the NTPT group. In a multivariate model, 
after accounting for differences in CIT and national of-
fers, the surgeon was not associated with the develop-
ment of IC within 1 year after LT (odds ratio, 1.46; 95% 
CI, 0.57–4.08).

In the NTPT group, there were seven grafts ac-
cepted as post–cross clamp offers (10.4%; Table S5). 
The majority of these offers were nonlocal (71.4%). The 
median distance from the donor hospital to our center 
was 775  miles. Median CIT was 7.32  h and hospital 
LOS (median) was 5 days. Two recipients required en-
doscopy after LT. One recipient developed IC, which 
was managed endoscopically. There have been no 
grafts losses or patient deaths observed for this subset 
of NTPT grafts.

DISCUSSION

Livers from DCD donors are underused for a variety 
of factors including the risk and fear of IC, PNF, in-
ferior graft survival, and increased clinical resource 
utilization.[1–10] Successful use of DCD allografts re-
quires more resource expenditure before, during, and 
after transplant.[3,8–10] Significant center-to-center 
variability has been described in DCD LT outcomes. 
In the United Kingdom and Eurotransplant, there is 
more uniformity in DCD recovery techniques, and it is 

common for there to be a regional on-call procurement 
team. In the United States, however, there is consider-
able variability in recovery techniques. Variation in re-
covery technique is related to clinical DCD experience 
during surgeon training and in practice. As a result, 
recovering surgeon experience is an important com-
ponent influencing DCD LT outcomes.[11,12] Our center 
historically relied exclusively on our own surgical team 
for DCD allograft recovery. However, there is often 
reluctance to mobilize a surgical team and resources 

F I G U R E  1   Patient and liver allograft survival. (A) Patient 
survival (HR, 1.95 ; 95% CI, 0.76–5.03 ; p = 0.23). (B) Liver 
allograft survival (HR, 1.99; 95% CI, 0.98–4.09; p = 0.10). (C) 
Death-censored graft loss (HR, 1.77; 95% CI, 0.66–4.79; p = 0.31)
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due to the inability to predict DWIT and uncertainty 
regarding the ability to recover a transplantable liver 
allograft.[7,8,11] There is also a pervasive lack of trust 
of procurement teams unaffiliated with the transplant 
program as they may not have a vested clinical interest 
in the recipient outcomes. We began incorporating the 
help of local procurement surgeons into our practice 
as our program grew and logistical constraints led to 
missed DCD liver opportunities. The aim of this study 
was to assess whether this shift in practice resulted 
in differences in DCD LT outcomes as this is a sig-
nificant problem generalizable to the LT community. 
In a cohort of 196 DCD LTs, we found no significant 
differences in DCD LT outcomes based on procure-
ment surgeon affiliation. Of these grafts, 34% were 
recovered by NTPTs, most of which were related to re-
gional or national import offers, as reflected by longer 
median travel distances and longer CITs (median 6.5 
vs. 5.0 h). Both groups had similar rates of early al-
lograft dysfunction, ICU and hospital LOS, PNF, HAT, 
and IC. At the time of last follow-up, approximately 
half of those requiring endoscopy for IC had been suc-
cessfully treated and were undergoing a stent-free 
trial (58.3% TPT, 50.0% NTPT; p = 0.68). Graft losses 
attributed to IC were low for both groups (TPT n = 1, 
NTPT n = 2). Patient and allografts survival rates were 
excellent and were similar between the two cohorts. 
The 1-year graft survival rate for livers recovered by 
our TPT was 91.5% compared with 95.5% for grafts 
recovered by an NTPT (Figure 1).

These data are notable for many reasons. First, de-
spite inherent variability in recovering surgeon tech-
nique with DCD procurement across 20 different NTPT 
surgeons, 13 OPOs, and 4 OPTN regions, there were 
no significant differences with DCD LT outcomes when 
using grafts recovered by NTPT surgeons (n = 67) ver-
sus TPT surgeons (n = 129). The lack of difference in 
outcomes and good outcomes overall are noteworthy, 
as the majority of recovery surgeons comprising the 
NTPT cohort were located in low DCD use OPOs. In 
assessing for organ acceptance, DWIT of less than 
30 min and gross appearance of the liver allograft were 
the primary factors used by our center to determine 
organ acceptance and proceed with transplantation. 
In an era of broader sharing, these data suggest that 
LT programs can safely pursue DCD LT with allografts 
recovered by other teams. Fears of poor outcomes can 
be mitigated with strict organ acceptance protocols and 
more liberal approaches to the personnel involved.

During this study period, our surgical team partic-
ipated in 368 DCD LT attempts, of which 35.1% were 
successful. For our center, a DCD conversion rate of 
approximately 35% is representative of both recovery 
attempts by our TPT and the NTPT. The low percentage 
yield underscores the significant resource expenditure 
needed to maximize the use of DCD livers and the need 
to be creative in how to use these livers, which are good 

quality but farther away. It also underscores the poten-
tial impact NTPT can make in helping to improve the use 
of DCD donors. Similar to our experience, Montgomery 
et al. described an average increase of 218 miles for 
each successful DCD liver procurement compared 
with each successful DBD liver procurement.[9] In this 
study, there was a median difference of 239 miles when 
comparing the TPT and NTPT teams (p < 0.001). The 
ability to use local procurement surgeons without com-
promising outcomes allows for flexibility in logistics as 
well as minimization of workplace risk associated with 
procurement travel.[13] In addition, there is risk of sur-
geon burnout with increased travel demands. Wider 
acceptance of NTPTs has the potential to increase the 
use of DCD donors across the transplant community. 
In an analysis of the Scientific Registry of Transplant 
Recipients data, Serrano et al. reported similar graft 
failure rates for livers procured by TPTs and NTPTs, 
but lower death-censored graft failure rates in the TPT 
cohort (HR, 0.96; 95% CI, 0.84–0.99). However, DCD 
donors compromised only a small proportion in both 
cohorts (4.9% and 4.5%, respectively). In addition, the 
difference in death-censored graft survival was small 
and not clinically significant.[18] To our knowledge, this 
is the first study looking specifically at the role of the 
recovering surgeon on DCD LT outcomes.

The coordination of transplant logistics can become 
more complex when using NTPT surgeons over larger 
geographic distances. Our center's nurse-led procure-
ment team is responsible for facilitating the coordina-
tion of all transplant logistics during initial organ offers 
and throughout the organ recovery process and final 
delivery to our center. Some of their many responsibili-
ties include complex dynamic communication between 
multiple groups, including patients, the local recover-
ing team (NTPT), the recipient surgical team and the 
OPO; organ transportation logistics; and scheduling 
the recipient's surgery. Given the longer geographic 
distances and inherent increases in CIT, we plan the re-
cipient surgical time so as to minimize delays between 
liver allograft arrival and reperfusion. This most often 
results in the start of the hepatectomy prior to organ 
arrival, inspection, and backable preparation. The deci-
sion to do so is based on communication relayed from 
the NTPT.

Among the LTs in the NTPT group, there were 7 LTs 
accepted as post–cross clamp offers (10.4%; Table S4). 
These grafts are typically at very high risk for discard. 
Recipients of these grafts were not hospitalized at the 
time of organ offer, and the median door-to-door logis-
tical travel time was 3.0 h. Clinically, this resulted in a 
median CIT of 7.32  h and a hospital LOS of 5  days. 
Recipients of these post–cross clamp DCD grafts re-
covered by NTPT surgeons did well. One recipient de-
veloped IC, which was managed endoscopically. There 
have been no grafts losses or patient deaths observed 
for this subset of NTPT grafts. The successful use of 
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post–cross clamp DCD grafts illustrates another area 
where broader acceptance of NTPT surgeons can lead 
to increased organ availability for those on the waiting 
list. Similarly, many of the grafts used in this study came 
from regional and national offers. Although the overall 
distribution of regional and national offers was similar 
between the TPT and NTPT groups, the geographic 
distances were longer in the NTPT cohort for both re-
gional (median 414.0 vs. 385.0 miles; p < 0.001) and 
national offers (1125.0 vs. 842.0; p = 0.03). The majority 
of these liver offers came to our center as a result of 
local–regional decline. Despite the challenge of coor-
dinating over a larger geographic area, we were able 
to successfully use these grafts with good outcomes.

With the known organ shortage, there is an ongo-
ing trend toward increased use of so-called “extended 
criteria” donors, and what is considered acceptable 
continues to be redefined. In this cohort, 46.3% of liver 
allografts had a DRI score greater than 2.5, with 4.3% 
having a score greater than 3. Overall, between the TPT 
and NTPT groups, 71  successful transplants (36.2%) 
were achieved using high-risk grafts, with four (2.0%) 
transplants using grafts with futile UK DCD scores. The 
majority of allografts in this study had EAD (79.1%), 
and the percentage of observed EAD in this study was 
higher than has previously been reported.[19–21] Yet, 
despite these higher risk characteristics, we did not 
observe any impact of this on ICU or hospital LOS or 
patient and graft survival rates.[16,20–22] Although EAD 
continues to be regarded as an intermediate outcome 
associated with poor outcomes, in our experience, EAD 
is a normal posttransplant finding for DCD allografts 
that does not portend adverse outcomes and should be 
managed expectantly.[16,20–22]

The similar outcomes between TPT and NTPT 
groups have to be considered in the context of the ap-
proach to posttransplant complication management. As 
previously reported, we believe that center experience 
in managing DCD liver allografts postoperatively plays 
a critical role in long-term outcomes.[3] Abnormalities in 
hepatic function tests can persist for more than 1 week 
after transplant and should be monitored. In this series, 
48.0% of patients required an endoscopy (IC, anasto-
motic stricture, other indication) within a year of LT, with 
the majority requiring more than one procedure (me-
dian 4.0). Overall, the median number of endoscopies 
performed was 7.0 between the two groups (TPT 9.0, 
NTPT 5.0; p = 0.30). At the time of last follow-up, ap-
proximately half of those requiring endoscopy had been 
successfully treated and were undergoing a stent-free 
trial (58.3% TPT, 50.0% NTPT; p = 0.68). IC was ob-
served in 16.3% of LT recipients in this study, and the 
majority (90.6%) were managed endoscopically. In our 
experience, the majority of IC becomes clinically ap-
parent within the first 2 months after LT, and it is very 
rare to develop new IC DCD-related complications be-
yond 6 months. When treating IC endoscopically, we 

perform frequent stent exchanges for several reasons. 
There is considerable ability for the biliary tree to re-
model in the setting of IC, and this occurs as a result 
of good biliary drainage, balloon dilation, and stenting. 
It is also common to see stents become clogged with 
biliary casts and debris. Frequent exchanges minimize 
this risk and help circumvent cholangitis, sepsis, and 
hospital admissions. We routinely perform these as 
outpatient procedures. IC unresponsive to endoscopic 
intervention and requiring retransplant within a year 
occurred in 1.5% (n = 3) of allografts in this series. In 
looking beyond the first posttransplant year, 2.0% of 
patients required retransplantation for IC (3.1% TPT vs. 
1.5% NTPT; p = 0.69). Overall, 16.3% (n = 32) of pa-
tients went on to develop IC, and eight (4.1% of total co-
hort) ultimately required retransplantation. Those with a 
diffuse necrosis IC pattern were more likely to fail endo-
scopic interventions and needed re-LT (Table 3).[17] As 
shown in our outcomes, the majority of IC responds to 
aggressive endoscopic intervention, and the need for 
retransplantation is an infrequent event.

This is a single-center study, so there are inherent 
limitations to generalizability. DCD LT represents a small 
percentage of all US LT volume. As a single-center re-
sult, there is risk for Type II error related to statistical 
power. However, these data originate from the largest 
single center for DCD LT by volume for adult patients 
at present, and the numbers shown (TPT, n  =  129; 
NTPT, 67) represent a significant proportion of the en-
tire US DCD LT case volume during this time period. In 
addition, we recognize that our experience and clinical 
practice, particularly with regard to post-LT endoscopy, 
may not be reflective of practice patterns across the 
United States. As a result, individual center experiences 
and outcomes with DCD allografts are not universal. 
However, given the significant need for liver allografts 
and the lack of availability of other alternatives, DCD 
LT represents one of the best opportunities to reduce 
waitlist mortality in the United States. We hope that by 
sharing our experience we can help improve DCD use 
by demonstrating that recovery of these allografts can 
safely be facilitated through the use of NTPTs.

In summary, excellent outcomes can be achieved 
with the use of NTPTs for DCD liver donors. The abil-
ity to use procurement surgeons unaffiliated with the 
transplant program without compromising outcomes al-
lows for flexibility in logistics and minimization of work-
place risk associated with procurement travel. There 
is a potential opportunity to increase the use of DCD 
livers by expanding the use of local recovery surgeons.
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