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Abstract
AIM: To determine feasibility of liver transplantation in 
patients from the intensive care unit (ICU) by estimat-
ing graft and patient survival.

METHODS: This single center retrospective study in-
cluded 39 patients who had their first liver transplant 
directly from the intensive care unit and 927 non-ICU 

patients who were transplanted from hospital ward or 
home between January 2005 and December 2010.  

RESULTS: In comparison to non-ICU patients, ICU 
patients had a higher model for end-stage liver disease 
(MELD) at transplant (median: 37 vs  20, P  < 0.001). 
Fourteen out of 39 patients (36%) required vasopres-
sor support immediately prior to liver transplantation 
(LT) with 6 patients (15%) requiring both vasopressin 
and norepinephrine. Sixteen ICU patients (41%) were 
ventilator dependent immediately prior to LT with 9 
patients undergoing percutaneous tracheostomy prior 
to transplantation. Twenty-five ICU patients (64%) 
required dialysis preoperatively. At 1, 3 and 5 years 
after LT, graft survival was 76%, 68% and 62% in ICU 
patients vs  90%, 81% and 75% in non-ICU patients. 
Patient survival at 1, 3 and 5 years after LT was 78%, 
70% and 65% in ICU patients vs  94%, 85% and 79% 
in non-ICU patients. When formally comparing graft 
survival and patient survival between ICU and non-
ICU patients using Cox proportional hazards regression 
models, both graft survival [relative risk (RR): 1.94, 
95%CI: 1.09-3.48, P  = 0.026] and patient survival (RR: 
2.32, 95%CI: 1.26-4.27, P  = 0.007) were lower in ICU 
patients vs  non-ICU patients in single variable analysis. 
These findings were consistent in multivariable analy-
sis. Although not statistically significant, graft survival 
was worse in both patients with cryptogenic cirrhosis 
(RR: 3.29, P  = 0.056) and patients who received donor 
after cardiac death (DCD) grafts (RR: 3.38, P  = 0.060). 
These findings reached statistical significance when 
considering patient survival, which was worse for pa-
tients with cryptogenic cirrhosis (RR: 3.97, P = 0.031) 
and patients who were transplanted with DCD livers (RR: 
4.19, P  = 0.033). Graft survival and patient survival 
were not significantly worse for patients on mechanical 
ventilation (RR: 0.91, P  = 0.88 in graft loss; RR: 0.69, 
P = 0.56 in death) or patients on vasopressors (RR: 1.06, 
P  = 0.93 in graft loss; RR: 1.24, P  = 0.74 in death) 
immediately prior to LT. Trends toward lower graft sur-
vival and patient survival were observed for patients on 
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dialysis immediately before LT, however these findings 
did not approach statistical significance (RR: 1.70, P  = 
0.43 in graft loss; RR: 1.46, P  = 0.58 in death).

CONCLUSION: Although ICU patients when compared 
to non-ICU patients have lower survivals, outcomes 
are still acceptable. Pre-transplant ventilation, hemo-
dialysis, and vasopressors were not associated with 
adverse outcomes.  

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Liver transplantation (LT) is a life-saving procedure for 
patients with a wide range of  end-stage liver diseases 
(ESLD). Significant improvement in surgical technique, 
medical management, and advances in immunosup-
pression therapy have all contributed to the success of  
LT. Recent studies have demonstrated that the overall 
outcome of  LT depends on a combination of  factors in-
cluding recipient condition, donor organ quality, as well 
as the transplant center volume[1-4].

Liver disease is progressive in nature and the care for 
such patients is complex and challenging. As a result, 
transplant candidates may require intensive care unit 
admission while awaiting transplantation[5,6]. It is not un-
common for some patients to have multiorgan system 
failure (MOSF) requiring ventilatory support, hemody-
namic support, and renal replacement therapy (RRT) 
in the course of  their disease. Transplantation of  such 
patients could lead to poor post-transplant outcomes[7,8]. 
Given the scarcity of  organ donors, LT is currently of-
fered to patients with the expected survival of  at least 
50% in 5 years after the transplantation[9]. As a result, 
controversy arises: from an individual stand point there 
is always a benefit to LT because the outcome of  dete-
riorating ESLD is uniformly fatal. From a societal per-
spective futile outcomes are not acceptable in the time 
of  donor organ shortage.

The current established absolute contraindications 
for LT include advanced cardiopulmonary disease, ex-
trahepatic malignancy with metastasis, active substance 
abuse, sepsis, and inability to comply with medical treat-
ment[10]. Despite multiple efforts, there is currently no 
agreed upon definition of  “too sick to transplant”, nor 
there are standardized guidelines for when a critically 
ill patient should be removed from a transplant waiting 

list[11,12]. Criteria that are used to delist a sick patient are 
transplant program dependent. Many regard ventilatory 
support and vasopressor therapy in a cirrhotic patient as 
contraindications to proceeding with transplantation[6].

The aim of  our study was to determine the feasibility 
of  LT in patients from the ICU by estimating graft and 
patient survival in this patient group and also compare 
these outcomes with non-ICU patients. We also evalu-
ated associations of  pre-transplant donor and recipient 
characteristics with outcomes in ICU patients. 

MATERIALS AND METHODS
Study patients and data collection
This single center retrospective study included 39 patients 
who underwent first LT directly from the ICU between 
January, 2005 and December, 2010 and 927 non-ICU pa-
tients, who underwent first LT over the same time period. 
Non-ICU patients were defined as patients transplanted 
from the hospital ward or home. This study was exempt 
from IRB review. Patients who underwent re-transplanta-
tion, multiple organ transplant, patients who underwent 
transplant for fulminant liver failure were excluded. For 
both ICU and non-ICU patients, information was col-
lected regarding patient characteristics (age, gender, body 
mass index, etiology of  ESLD, model for end-stage liver 
disease (MELD) score at transplant, previous abdomi-
nal operations), operative characteristics (operative time, 
blood transfusion), donor characteristics [age, gender, 
recipient-donor gender incompatibility, donation after car-
diac death (DCD), donor risk index, cold ischemia time, 
warm ischemia time], and outcomes (date of  graft loss, 
date of  death, date of  last follow-up). The following ad-
ditional information was collected for ICU patients: pre-
LT information (length of  time from hospital admission 
to ICU admission, length of  time from ICU admission to 
transplant, MELD at ICU admission, pre-transplant am-
bulatory status, mechanical ventilation, dialysis, vasopres-
sor use and dose, tracheostomy, positive end-expiratory 
pressure (PEEP), FiO2, mean airway pressure, PaO2) at 
the time of  transplant and post-LT information (tracheos-
tomy, length of  hospital stay, length of  ICU stay, discharge 
status, readmission within 3 mo after LT).

Statistical analysis
Patient, operative, and donor characteristics were com-
pared between ICU and non-ICU patients using a Wil-
coxon rank sum test or Fisher’s exact test. The Kaplan-
Meier method was used to estimate graft survival and 
patient survival after LT, censoring on the date of  last 
follow-up for patients who did not experience graft loss 
or death (graft survival) or death (patient survival). Cox 
proportional hazards regression models were used to 
compare graft survival and patient survival between ICU 
and non-ICU patients. Single variable models (i.e., mod-
els with no adjustment for other variables) were utilized, 
as well as multivariable models adjusted for variables that 
differed between ICU and non-ICU patients with a P 
value of  0.10 or less, excluding variables that are known 
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to differ between the two groups due to the nature of  
ICU patients (MELD at transplant), variables that are 
potentially on the causal pathway between ICU status 
and graft loss or death (operative time, blood transfu-
sion), variables that did not occur in ICU patients (NASH 
diagnosis), or variables with any missing data in ICU pa-
tients. Relative risks (RRs) and 95%CIs were estimated. 
In ICU patients, associations of  patient and donor char-
acteristics with graft survival and patient survival were 
evaluated using Cox proportional hazards regression 
models. Only single variable analysis was performed; 
multivariable analysis was not attempted owing to the 
small number of  ICU patients who experienced the end-
points of  interest[13]. P ≤ 0.05 was considered as statisti-
cally significant. All statistical analyses were performed 
using SAS (Version 9.2; SAS Institute, Inc., Cary, North 
Carolina) and R Statistical Software (Version 2.11.0; R 
Foundation for Statistical Computing, Vienna, Austria).

RESULTS
A comparison of  patient, operative, and donor charac-

teristics between ICU patients and non-ICU patients 
is displayed in Table 1. In comparison to non-ICU pa-
tients, ICU patients were less often male (54% vs 70%, P 
= 0.033), had a lower body mass index (BMI) (median: 
25.7 vs 28.4, P = 0.091), and had a higher MELD at 
transplant (median: 37 vs 20, P < 0.001). Intraoperatively, 
ICU patients had a greater packed red blood cell trans-
fusion requirement (median: 3850 mL vs 2800 mL, P = 
0.002). When compared to non-ICU patients, the ICU 
patients received liver grafts from the younger median: 
1.53 vs 1.66, P = 0.085). 

A summary of  additional patient and post-operative 
characteristics for the 39 ICU patients is shown in Table 
2. Fourteen out of  39 patients (36%) required vasopres-
sor support immediately prior to LT with 6 patients 
(15%) requiring both vasopressin and norepinephrine. 
The range of  the dose of  vasopressin was 0.01 to 0.04 
units/min, while norepinephrine dose ranged from 0.01 
to 0.18 mcg/kg per minute. Sixteen ICU patients (41%) 
were ventilator dependent immediately prior to LT with 
9 patients undergoing percutaneous tracheostomy prior 
to transplantation. The range of  PEEP was 7 cm to 12 
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  Variable ICU patients 
(n  = 39)

Non-ICU patients 
(n  = 927) P  value

  Patient characteristics
     Age at transplant     57 (33-74)         57 (16-77)     0.91
     Gender (male)     21 (54%)       653 (70%)     0.033
     BMI  25.7 (18.0-38.0)      28.4 (16.4-61.1)     0.091
  Diagnosis
     Hepatitis C     18 (46%)       364 (41%)     0.41
     ETOH     10 (26%)       138 (15%)     0.11
     Cryptogenic cirrhosis       8 (21%)       147 (16%)     0.5
     NASH       0 (0%)         76 (8%)     0.066
     PSC       0 (0%)         61 (7%)     0.17
     Other       3 (8%)       141 (15%)     0.25
     MELD at transplant     37 (24-50)         20 (6-45)  < 0.001
     Previous operation     13 (34%)       402 (47%)     0.13
  Operative characteristics
     Operative time (min)   230 (129-596)       231 (100-745)     0.69
     Blood transfusion (mL) 3850 (1400-15 400)     2800 (0-44 100)     0.002
     Cold ischemia time (h)    6.3 (3.4-10.4)        6.3 (2.0-14.0)     0.71
     Warm ischemia time 
     (min)

    30 (18-84)         31 (10-141)     0.59

  Donor characteristics
     Age     42 (8-78)         48 (7-88)     0.016
     Gender (male)     17 (46%)       551 (59%)     0.12
     Recipient-donor gender 
     incompatibility

    15 (41%)       348 (38%)     0.73

     Donation after cardiac 
     death

      6 (16%)       146 (16%)     1.00

     Donor risk index  1.53 (0.88-2.60)      1.66 (0.85-4.30)     0.085

Table 1  Patient, operative and donor characteristics in inten-
sive care unit and non-intensive care unit patients

The sample median (minimum-maximum) is given for numerical vari-
ables. P values result from Fisher’s exact test or a Wilcoxon rank sum test. 
Information was unavailable regarding previous operations (ICU: n = 1; 
non-ICU: n = 80), operative time (ICU: n = 2; non-ICU: n = 1), blood trans-
fusion (ICU: n = 3; non-ICU: n = 13), cold ischemia time (ICU: n = 2), warm 
ischemia time (ICU: n = 2), and all donor characteristics (ICU: n = 2). ICU: 
Intensive care unit; BMI: Body mass index; ETOH: Ethanol; NASH: Nonal-
coholic steatohepatitis; PSC: Primary sclerosing cholangitis; MELD: Model 
for end-stage liver disease.

  Variable Summary 
(n  = 39)

  Patient characteristics
     Vasopressors      14 (36%)
     Vasopressin      12 (31%)
     Dose (units/min)   0.04 (0.01-0.04)
     Norepinephrine        8 (21%)
     Dose (mcg/kg per min)   0.07 (0.01-0.18)
     Vasopressin and norepinephrine        6 (15%)
     Length of time from hospital admission to ICU 
     admission (d)

       3 (1-32)

     Length of time from ICU admission to liver 
     transplant (d)

     12 (1-65)

     MELD at ICU admission      32 (15-52)
     MELD at transplant      37 (24-50)
     Pre-transplant ambulation      14 (42%)
     Dialysis      25 (64%)
     Tracheostomy        9 (23%)
     Mechanical ventilation      16 (41%)
     Positive end-expiratory pressure (cm H20)        7 (7-12)
     FiO2 (%)      40 (28-60)
     Mean airway pressure (cm H20)      12 ( 9-18)
     PaO2 (mmHg)    103 (60-147)
  Post-operative characteristics
     Post-operatively placed tracheostomy        4 (10%)
     Length of hospital stay      42 (15-516)
     Length of ICU stay      27 (7-327)
  Discharged status
     Home      19 (49%)
     Rehab      14 (36%)
     Death        6 (15%)
     3-mo readmission      16 (41%)

Table 2  Additional information for intensive care unit pa-
tients only

The sample median (minimum-maximum) is given for numerical vari-
ables. Information regarding positive end-expiratory pressure, FiO2, mean 
airway pressure, and PaO2 were only available for patients with mechani-
cal ventilation. Information was unavailable regarding ambulation (n = 5), 
mean airway pressure (n = 2), and PaO2 (n = 1). ICU: Intensive care unit; 
MELD: Model for end-stage liver disease.
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cm H2O and FiO2 ranged from 28% to 60%. Twenty-
five ICU patients (64%) required dialysis preoperatively. 
32 out of  39 patients (82%) required at least one out of  
three types of  therapy. Median length of  time from hos-
pital admission to ICU admission was 3 d (range: 1-32 d). 
Median length of  time from ICU admission to transplant 
was 12 d (range: 1-65 d). Median MELD at ICU admis-
sion was 32 (range: 15-52). Median length of  hospital stay 
was 42 d (range: 15-516 d) and median length of  ICU 
stay was 27 d (range: 7-327 d). Nineteen patients (49%) 
were discharged home, 14 patients (36%) were discharged 
to rehab. Six patients (15%) died on the same hospitaliza-
tion, 2 of  which died in the operating room. 

The median length of  follow up in the overall cohort 
of  966 patients was 3.5 years (range: 0 d-6.8 years). In the 
39 ICU patients, median length of  follow up was 1.8 years 
(range: 0 d-5.6 years). Graft survival and patient survival 
after LT in ICU patients and non-ICU patients are dis-
played (Figure 1 and Table 3). At 1, 3 and 5 years after LT, 
graft survival was 76%, 68% and 62% in ICU patients and 
90%, 81% and 75% in non-ICU patients. Patient survival 
at 1, 3 and 5 years after LT was 78%, 70% and 65% in 
ICU patients compared to 94%, 85% and 79% in non-
ICU patients. When formally comparing graft survival 
and patient survival between ICU and non-ICU patients 
using Cox proportional hazards regression models, both 
graft survival (RR: 1.94, 95%CI: 1.09-3.48, P = 0.026) and 
patient survival (RR: 2.32, 95%CI: 1.26-4.27, P = 0.007) 
were lower in ICU patients compared to non-ICU patients 
in single variable analysis. These findings were consis-
tent in multivariable analysis, adjusting for the potentially 
confounding variables of  patient gender and BMI, graft 
survival was significantly worse in ICU patients (RR: 2.03, 
95%CI: 1.13-3.65, P = 0.018), as was patient survival (RR: 
2.44, 95%CI: 1.32-4.50, P = 0.004). 

An evaluation of  associations of  patient and donor 
characteristics with graft survival and patient survival 
in ICU patients is provided in Table 4; a total of  12 
ICU patients experienced graft loss or death, while 11 
patients died. Although not statistically significant, graft 

survival was worse in both patients with cryptogenic 
cirrhosis (RR: 3.29, P = 0.056) and patients who re-
ceived DCD grafts (RR: 3.38, P = 0.060). These findings 
reached statistical significance when considering patient 
survival, which was worse for patients with cryptogenic 
cirrhosis (RR: 3.97, P = 0.031) and patients who were 
transplanted with DCD livers (RR: 4.19, P = 0.033). The 
findings regarding DCD liver grafts and the outcomes 
of  their recipients are further illustrated in Figure 2. 

Given the aforementioned finding regarding DCD 
grafts and the consistently documented poorer outcomes 
of  DCD grafts in the literature, we re-calculated graft sur-
vival and patient survival excluding 6 ICU patients with 
DCD donors. When excluding these 6 DCD patients from 
the ICU group, graft survival in the remaining 31 ICU pa-
tients at 1, 3 and 5 years was 78%, 73% and 73%, while pa-
tient survival at these time points was 81%, 76% and 76%. 
When comparing outcomes between this ICU patient 
subgroup with the overall cohort of  927 non-ICU patients 
in multivariable analysis, graft survival (RR: 1.59, 95%CI: 
0.78-3.23, P = 0.20) and patient survival (RR: 1.80, 95%CI: 
0.84-3.85, P = 0.13) were still lower in ICU patients, but 
these findings are no longer statistically significant.

Graft survival and patient survival were not signifi-
cantly worse for patients on mechanical ventilation (RR: 
0.91, P = 0.88 in graft loss; RR: 0.69, P = 0.56 in death) 
or patients on vasopressors (RR: 1.06, P = 0.93 in graft 
loss; RR: 1.24, P = 0.74 in death) immediately prior to 
LT. Trends toward lower graft survival and patient sur-
vival were observed for patients on dialysis immediately 
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Estimate (95%CI)

  Outcome/time since 
  transplant

ICU patients 
(n  = 39)

Non-ICU patients 
(n  = 927)

  Graft survival 
     1 yr 76% (62%-91%) 90% (88%-92%)
     2 yr 72% (58%-89%) 84% (82%-87%)
     3 yr 68% (52%-86%) 81% (78%-83%)
     4 yr 62% (44%-83%) 78% (75%-81%)
     5 yr 62% (41%-83%) 75% (72%-78%)
  Patient survival
     1 yr 78% (65%-93%) 94% (92%-95%)
     2 yr 75% (61%-91%) 89% (87%-91%)
     3 yr 70% (55%-88%) 85% (83%-87%)
     4 yr 65% (47%-86%) 82% (79%-84%)
     5 yr 65% (43%-86%) 79% (76%-82%)

Table 3  Graft survival and patient survival in intensive care 
unit patients and non- intensive care unit patients

ICU: Intensive care unit.

ICU

Non-ICU

             0               1                2               3                4               5
No. at risk                      Time since liver transplant (yr)
Non-ICU 927           811            643            500           386             253
ICU         39             22              19              13               8                4
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Figure 1  Graft survival (A) and patient survival (B) in intensive care unit 
patients and non- intensive care unit patients. ICU: Intensive care unit.
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before LT, however these findings did not approach sta-
tistical significance (RR: 1.70, P = 0.43 in graft loss; RR: 
1.46, P = 0.58, in death).

DISCUSSION
LT has evolved from an experimental procedure to a 
life-saving therapy for patients with end-stage liver dis-
ease. The complicated pathophysiology of  end-stage 
liver disease, sophisticated surgery and challenging post-
operative care requires center expertise and collaborative 
team of  skilled, innovative clinicians, including surgeons, 
hepatologists, anesthesiologists, and transplant intensiv-
ists in order to achieve the best possible outcome. 

Advanced liver disease frequently mandates ICU ad-
mission. The admission to ICU is associated with high 
mortality and LT becomes the only definitive therapeutic 
option for a decompensated cirrhotic patient. At this time, 
one of  the most complex decisions the clinicians face is 
when an extremely ill candidate no longer becomes suit-
able for this procedure. Currently, there are no specific 
recommendations to define the individuals who are too 
sick to transplant and thus avoid futile therapy. It is left up 
to the center’s experience and subjective “eyeball test” to 
define criteria for delisting[12].

In our study, over a period of  6 years, critically ill pa-

tients who underwent LT directly from the ICU had an 
average MELD score of  37 at the time of  transplantation, 
which was significantly higher than the average MELD of  
20 in non-ICU patients. Post LT overall patient and graft 
survival rates in patients transplanted directly from the 
ICU were lower than in patients transplanted either from 
home or from the hospital ward. However, despite these 
poorer outcomes in ICU patients compared to non-ICU 
patients, they are still higher than what is considered ac-
ceptable by the transplant community[9].

One of  the possible reasons for better outcomes in 
our patients is likely due to the high volume of  LT opera-
tions at our center. Ozhathil et al[3] reported decreased risk 
of  allograft failure and recipient death after LT in high 
volume centers defined as centers performing 78-215 
cases per year. This has been demonstrated in retransplan-
tation as well by Reese et al[14].

Further investigation of  outcomes in ICU patients 
revealed that patients who received a DCD liver graft 
had more than 3-fold increased risk of  losing a graft and 
more than a 4-fold increased risk of  dying compared to 
the ICU patients who received a non-DCD graft. In fact, 
graft and patient survival between non-ICU patients and 
ICU patients excluding the patients who received DCD 
grafts were reasonably comparable, particularly at 5-year 
after LT where graft and patient survival were 73% and 

30 January 27, 2013|Volume 5|Issue 1|WJH|www.wjgnet.com

Association with graft survival 
(graft loss or death endpoint)

Association with patient survival 
(death endpoint)

  Variable Relative risk (95%CI) P  value Relative risk (95%CI) P  value

  Patient characteristics
     Age at transplant (10 yr increase) 0.98 (0.49-1.99) 0.96 1.00 (0.47-2.11) 0.99
     Gender (male) 1.33 (0.42-4.19) 0.63 1.10 (0.34-3.61) 0.88
     BMI (10 unit increase) 0.63 (0.24-1.66) 0.35 0.57 (0.20-1.59) 0.28
  Diagnosis
     Hepatitis C 0.99 (0.32-3.08) 0.99 0.79 (0.24-2.59) 0.69
     ETOH 0.57 (0.12-2.59) 0.46 0.65 (0.14-3.02) 0.58
     Cryptogenic cirrhosis   3.29 (0.97-11.15)   0.056   3.97 (1.14-13.87)   0.031
     MELD at transplant (5 unit increase) 0.99 (0.63-1.57) 0.97 1.09 (0.68-1.75) 0.72
     MELD at ICU admission (5 unit increase) 0.85 (0.56-1.30) 0.47 1.03 (0.66-1.61) 0.89
     Previous operation 1.07 (0.31-3.67) 0.91 0.76 (0.20-2.95) 0.69
     Vasopressors 1.06 (0.32-3.51) 0.93 1.24 (0.36-4.23) 0.74
     Vasopressin 0.78 (0.23-2.59) 0.68 0.91 (0.27-3.11) 0.88
     Norepinephrine 0.29 (0.04-2.22) 0.23 0.32 (0.04-2.51) 0.28
     Vasopressin and norepinephrine 0.44 (0.06-3.44) 0.44 0.50 (0.06-3.90) 0.51
     Length of time from hospital admission to ICU admission (doubling) 0.91 (0.64-1.28) 0.57 0.88 (0.61-1.27) 0.49
     Ambulation 1.30 (0.36-4.72) 0.69 1.30 (0.36-4.72) 0.69
     Dialysis 1.70 (0.46-6.32) 0.43 1.46 (0.38-5.54) 0.58
     Tracheostomy 1.00 (0.27-3.71) 1.00 0.61 (0.13-2.83) 0.53
     Mechanical ventilation 0.91 (0.29-2.88) 0.88 0.69 (0.20-2.37) 0.56
  Donor characteristics
     Age (10 yr increase) 0.97 (0.67-1.41) 0.88 0.91 (0.61-1.36) 0.65
     Gender (male) 0.74 (0.21-2.63) 0.64 0.52 (0.13-2.09) 0.36
     Recipient-donor gender incompatibility 1.33 (0.36-4.91) 0.67 1.76 (0.45-6.87) 0.41
     Donation after cardiac death   3.38 (0.95-12.05)   0.060   4.19 (1.12-15.70)   0.033
     Donor risk index (1 unit increase) 2.15 (0.54-8.62) 0.28 1.61 (0.36-7.15) 0.53

Table 4  Associations of patient and donor characteristics with graft survival (graft loss or death endpoint) and patient survival (death 
endpoint) in intensive care unit patients

Relative risks and P values result from single variables Cox proportional hazards regression models. Relative risks correspond to presence of the given 
characteristic (categorical variables) or the increase given in parenthesis (numerical variables). A higher relative risk indicates an increased likelihood of 
experiencing the given endpoint. ICU: Intensive care unit; BMI: Body mass index; ETOH: Ethanol; MELD: Model for end-stage liver disease..
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76% in ICU patients and 75% and 79% in non-ICU 
patients. Our findings are consistent with the results re-
ported previously in the literature[15]. DCD donors have 
recently been used to increase the number of  deceased 
donors and bridge the gap between the number of  avail-
able organs and the number of  candidates on the waiting 
list. These organs are considered marginal because this 
type of  graft is thought to be of  inferior quality when 
compared to the liver grafts from DBD donors[16]. Ana-
lyzing the UNOS database, Mateo et al[15] have demon-
strated that with DCD livers the graft survival at 1 year 
and 3 years was 71% and 60% respectively, which was 
significantly lower than 80% and 72% in patients who 
received DBD grafts. The graft survival significantly 
improved to 81% and 67% at 1 and 3 years respectively, 
if  these organs were placed in low risk patients (i.e., pa-
tients without previous history of  LT, non-ICU patients, 
patients not requiring life support, and patients not on 
dialysis), and became similar to that of  DBD donors.

In our analysis of  risk factors for graft loss and death 
in ICU patients, in addition to aforementioned DCD find-
ing, we also observed that patients with cryptogenic cir-
rhosis had poorer patient and graft survival than patients 
with liver disease from other causes. However, this finding 
is of  uncertain significance and should be further evalu-
ated in larger series.

In the ICU, deteriorating patients with ESLD awaiting 
LT develop MOSF requiring mechanical ventilatory support, 
intermittent or continuous RRT, and pharmacologic hemo-

dynamic support. Vasopressor requirement and intubation 
have been considered to be contraindications to transplan-
tation and regarded as criteria for delisting[6]. We sought to 
investigate whether any of  the above factors which have 
been traditionally linked to worse outcomes would be prog-
nosticators of  poor outcomes in our experience.

Mechanical ventilation is required for airway pro-
tection in a setting of  hepatic encephalopathy, for re-
spiratory failure due to ARDS, pulmonary edema, and 
infections. In previous reports it has been demonstrated 
that preoperative mechanical ventilation played a role 
in prolonged postoperative intubation[17]. Preoperative 
mechanical intubation has been identified as one of  the 
independent risk factors for decreased patient and graft 
survival[4,18]. In our study 46% of  patients transplanted 
from the ICU were on a ventilator at the time of  LT. 
More than half  of  the intubated patients underwent per-
cutaneous tracheostomy placement prior to LT. All the 
patients who were ventilator dependent prior to LT had 
PEEP of  ≤ 12 mmHg and FiO2 ≤ 60%. In contrast to 
previous publications, in our sample of  39 patients trans-
planted from the ICU, ventilatory support prior to LT did 
not have a negative effect on patient or graft survival.

Patients with ESLD are in hyperdynamic state with 
low systemic arterial pressure sometimes requiring vaso-
pressor support[6]. In our analysis, 36% of  patients were 
on vasopressors with 15% of  patients being on a combi-
nation of  vasopressin and norepinephrine. The patients 
with active sepsis were not transplanted. Based on our 
analysis, the patients who required pharmacologic hemo-
dynamic support at the time of  LT did not experience 
inferior graft or patient survival as evidenced by RR of  
approximately one or less in magnitude. 

Due to disturbances in renal function, renal failure 
develops in many patients with cirrhosis[19]. In most in-
stances continuous RRT is the modality of  choice due 
to patient hemodynamic instability. Multiple investiga-
tions have linked preoperative hemodialysis to poorer 
outcomes after LT[18,20-22]. In our cohort, 65% of  patients 
were on dialysis, and while we did not observe a statisti-
cally significant association between dialysis and either 
graft or patient survival, the RR that we observed of  1.70 
and 1.45, respectively, suggest a trend to lower outcomes.
Our study has several limitations. It has a retrospective 
design and a relatively small number of  ICU patients who 
underwent LT. Related to the limited number of  ICU pa-
tients, power to detect associations of  recipient and donor 
characteristics with outcomes in ICU patient is limited, 
and the possibility of  Type Ⅱ error (i.e., a false-negative 
association) is important to consider. In addition, our re-
sults reflect the experience of  a single high-volume center 
and thus might not be applicable to other centers. The cri-
teria for ICU admission might vary from center to center.

In conclusion, to our knowledge, this is the largest 
study that directly examined the outcomes of  the patients 
who have undergone LT directly from the ICU. We have 
demonstrated that patients who require mechanical venti-
latory support, pharmacologic hemodynamic support, and 
RRT can have acceptable patient and graft outcomes after 
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Figure 2  Graft survival (A) and patient survival (B) in intensive care unit 
patients according to donor after cardiac death. DCD: Donation after car-
diac death.
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LT. A much larger group of  ICU patients, likely from a 
multi-center study, is needed to better define criteria for a 
successful liver transplant.
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