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ABSTRACT
Background. Many attempts have been undertaken to better predict outcome after liver
transplantation. The aim of this study was to identify the pre- and intraoperative variables
that may inﬂuence the survival after liver transplantation, at a single institution.
Methods. Anesthetic records from 543 consecutive patients who underwent liver transplantation from June 2006 to June 2014 were reviewed in this retrospective study. Patients
undergoing retransplantation were excluded from the analysis, as were patients with
familial amyloid polyneuropathy. Preoperative variables studied were age, sex, Model for
End-Stage Liver Disease score, primary diagnosis, cold ischemia time, preoperative
international normalized ratio, serum albumin, and and hemoglobin levels.
Intraoperative variables included were norepinephrine consumption, blood loss, red
blood cell transfusion, and surgical time. Variables signiﬁcant in the univariate analysis
with a P value of <.2 were included in a multivariate Cox regression model.
Results. Only red blood cell transfusion (hazard ratio [HR], 1.16; 95% conﬁdence
interval [CI], 1.04e1.29) and female sex (HR, 1.71; 95% CI, 1.10e2.65) were identiﬁed as
signiﬁcant independent predictors for survival after liver transplantation. Because of proportionality assumption violation, the multivariate Cox regression model was subsequently
upgraded by adding a time-varying interaction between red blood cell transfusion and time
since liver transplantation. As a result, we found that at 3 months after liver
transplantation, the rate of dying increased 14% (95% CI, 2%e26%) for each unit
transfused, and at 6 months it increased 12% (95% CI, 0.3%e24%).
Conclusions. Red blood cell transfusion ceased to inﬂuence survival from 1 year onward.

L

IVER transplantation (LT) is a standard of care for
treatment of end-stage liver disease. LT is a highly
complex procedure involving signiﬁcant human and economic resources. Many efforts have been made to identify
risk factors that could inﬂuence patient survival after LT.
The knowledge and anticipation of these variables have
allowed improvement in graft and patient survivals [1].
Our center has had an LT program since 1995 with w1,100
liver transplants performed. In 2006 we started a clinical registry
to audit and compare our practices. After 7 years of prospectively collecting data we decided to review it and retrospectively
identify factors that could improve our clinical practice.
The aim of the present study was to identify the pre- and
intraoperative variables that could inﬂuence survival after
LT at our institution.
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METHODS
After Investigation Review Board approval (003-DEFI-NA-CES), a
retrospective analysis of anesthetic records from 543 consecutive
adult LTs performed from June 2006 through June 2014 was conducted. Retransplantation (n ¼ 86) and LT for familial amyloid
polyneuropathy (FAP; n ¼ 116) were excluded from the analysis
because these were considered to be very different entities, leaving
a ﬁnal sample of 341 patients.
A team of 6 surgeons and 7 anesthesiologists remained steady
throughout the study period. The anesthetic protocol was the same
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Table 1. Characteristics of the Study Population (n [ 341)
Variable

Age (y)
Sex
Male
Female
Primary diagnosis
Alcoholic cirrhosis
Fulminant hepatic failure
Hepatocarcinoma
Hepatitis B/Cerelated cirrhosis
Cholestatic liver disease
Miscellaneous
MELD score
Preoperative hemoglobin (mg/dL)
Preoperative INR
Preoperative serum albumin (mg/dL)
Cold ischemia time (min)
Intraoperative RBC (units)
Intraoperative blood loss (mL)
Intraoperative norepinephrine (mg)
Surgical time (min)

Median (IQR) or n (%)

53 (49e59)
231 (67.7)
110 (32.3)
155
32
51
42
26
35
13.5
12
1.3
3.3
450
2
3,000
1.73
240

(45.45)
(9.38)
(14.96)
(12.32)
(7.62)
(10.26)
(10e18)
(10e13.5)
(1.1e1.6)
(2.9e3.8)
(340e600)
(0e5)
(1,700e5,300)
(0.67e3.88)
(219.5e278)

Abbreviations: IQR, interquartile range; MELD, Model for End-Stage Liver
Disease; INR, international normalized ratio; RBC, red blood cells.

Table 2. Univariate Cox Regressions
Variable

HR

95% CI

P Value

Age (y)
Female sex
Primary diagnosis
Alcoholic hepatic cirrhosis
Fulminant hepatic failure
Hepatocellular carcinoma
Cholestatic liver disease
Hepatitis B/Cerelated cirrhosis
Miscellaneous
MELD score
Preoperative hemoglobin (mg/dL)
Preoperative INR
Preoperative serum albumin
Cold ischemia time (h)
Intraoperative RBC (units)*
Intraoperative blood loss (L)*
Intraoperative norepinephrine (mg)*
Surgical time (h)*

1.01
1.37

0.99e1.03
0.92e2.04

.200
.130
.451

1.00 (ref)
1.55
1.57
1.48
1.67
1.19
1.00
0.95
1.11
1.02
0.99
1.09
1.10
1.07
1.26

0.82e2.93
0.88e2.81
0.72e3.05
0.89e3.13
0.60e2.36
0.98e1.04
0.87e1.03
0.91e1.36
0.76e1.38
0.93e1.06
1.05e1.12
1.06e1.14
1.03e1.10
1.05e1.51

.182
.128
.283
.109
.626
.623
.208
.287
.882
.814
.000
.000
.000
.013

Abbreviations: HR, hazard ratio; CI, conﬁdence interval; others as in Table 1.
*P < .2.

during the study period, as was the surgical technique. Patient
follow-up for this study ended in August 2014.
All transplantations analyzed in this study (n ¼ 341) were performed with donation after brain death grafts (n ¼ 246) or with
domino donors (n ¼ 95). Domino donors are patients with FAP
transplanted with cadaveric donors, whose liver is structurally
normal and can be transplanted in recipients with other diagnoses.
From the anesthetic records we analyzed the following preoperative
variables: age, sex, Model for End-Stage Liver Disease (MELD)
score, primary diagnosis, cold ischemia time, preoperative international normalized ratio, and serum albumin and hemoglobin levels.
Intraoperative variables included norepinephrine consumption,
blood loss, red blood cell (RBC) transfusion, and surgical time.
MELD score was calculated with the use of the standard formula
with no points added for special conditions [2].
Continuous variables are presented as median (interquartile
range) and categoric variables as n (%). Inﬂuence on patient survival for each variable was ﬁrst assessed with the use of univariate
Cox regressions. Variables with statistical signiﬁcance at P < .20
were selected for inclusion in a multivariate Cox regression model.
In this ﬁnal model, a statistical signiﬁcance level of P < .05 was
used. Linearity assumption in the log hazard for continuous variables and proportional hazards assumption were checked.

After including those variables in a multivariate Cox
regression model, only RBC transfusion (hazard ratio [HR],
1.16; 95% conﬁdence interval [CI], 1.04e1.26) and female
sex (HR, 1.71; 95% CI, 1.10e2.65) were identiﬁed as signiﬁcant independent predictors of survival after LT
(Table 3).
When checking the proportional hazards assumption for
RBC transfusion, we found that the estimated HR could
depend on time since LT. Addressing this issue, we
improved the multivariate Cox regression model by adding a
time-varying interaction between RBC transfusion and time
since LT (Table 4).
According to these results, female patients were dying at
a rate 66% higher than male transplant recipients and the
95% CI indicated that this increase in the rate of dying
could be as much as 156% or as little as 7%.
Regarding RBC transfusion, because its effect on survival depended on time since LT, we calculated the HRs
for 3 and 6 months as well as 1, 2, and 3 years since LT
(Table 5). For each RBC unit transfused, we found that at
3 months after LT, the rate of dying increased 14% (95%
CI, 2%e26%) and at 6 months increased 12% (95% CI,
0.3%e24%). From 1 year onward, RBC transfusion ceased
to inﬂuence survival.

RESULTS

DISCUSSION

Study population characteristics for the sample of 341 patients are summarized in Table 1. The results of the univariate Cox regressions are summarized in Table 2. Only 5
variables were associated with patient survival (female sex,
norepinephrine consumption, blood loss, RBC transfusion,
and surgical time). Despite a P value of .20, age was also
included in the multivariate model because of its expected
natural importance to patient survival.

Unlike other published papers that dichotomized RBC
transfusion according to median sample or massive transfusion deﬁnition, in the present study we analyzed RBC
consumption as a continuous variable after conﬁrming the
linearity assumption. This way we could assess the inﬂuence
on survival for each RBC unit transfused. For example, in our
sample, 3 months after LT the hazard of mortality increased
14% (95% CI, 2%e26%) for each RBC unit transfused.
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Table 3. Multivariate Cox Regression (Time-Varying Interaction
With RBC Transfusion Not Included)
Variable

HR

95% CI

P Value

Age (y)
Female sex*
Intraoperative RBC (units)
Intraoperative blood loss (L)
Intraoperative norepinephrine (mg)
Surgical time (h)

1.02
1.71
1.16
0.90
1.02
1.19

1.00e1.04
1.10e2.65
1.04e1.29
0.79e1.03
0.97e1.07
0.95e1.48

.061
.016
.005
.135
.508
.125

Table 5. Time-Varying Effect of RBC Transfusion on Patient
Survival
Time Since LT

3
6
1
2
3

mo
mo
y
y
y

HR

95% CI

P Value

1.14
1.12
1.11
1.09
1.08

1.020e1.257
1.003e1.240
0.986e1.225
0.968e1.210
0.958e1.202

.015
.033
.070
.132
.183

Abbreviations: LT, liver transplantation; others as in Tables 1 and 2.

Abbreviations as in Tables 1 and 2.
*P < .05.

Our results are in agreement with previously published
studies demonstrating the association between intraoperative transfusion of RBC and adverse outcome after
orthotopic LT [3e9]. The association between LT and major
blood loss is well known. Nevertheless, advances made over
the years in both surgical and anesthetic techniques, as well
as better management of risk factors of massive blood loss,
have resulted in a steady reduction in intraoperative hemorrhage and transfusion requirements. Ramos et al [5] and
Massicotte et al [3] reported, respectively, that in 34% and
32% of the patients submitted to LT, RBC transfusion was
not necessary. The percentage of LT without RBC transfusion in our sample was 30.5%.
Common complications of massive transfusions are
immunologic adverse effects, metabolic derangements, infectious exposure with increased septic episodes, and acute
lung injury. Moreover, blood transfusions have also been
considered to be a surrogate marker for sicker patients and
technically more difﬁcult surgery, potentially confounding
its role in outcome [10]. The exact mechanism linking
transfusion and poor outcomes after LT remains otherwise
unknown.
Reduction of the risk of transfusion can be attained if the
principles of patient blood management are put into practice. These include preoperative recognition and treatment
of anemia, reduction of perioperative blood loss, and the
use of restrictive hemoglobin-based transfusion triggers [11].
Nevertheless, evidence that restrictive RBC transfusion is
associated with better outcomes than a liberal approach is
still lacking [12]. A remarkable variability between institutions in what concerns transfusion triggers as well as
surgical techniques continues to be observed, and this can
Table 4. Multivariate Cox Regression Including the Time-Varying
Interaction With RBC Transfusion
Variable

HR

95% CI

P Value

Age (y)
Female sex
Intraoperative RBC (units)
Intraoperative blood loss (L)
Intraoperative norepinephrine (mg)
Surgical time (h)
Time-varying interaction with intraoperative
RBC transfusion

1.02
1.66
1.25
0.91
1.01
1.20
0.98

1.00e1.04
1.07e2.56
1.12e1.40
0.80e1.03
0.96e1.06
0.96e1.49
0.97e0.99

.077
.024
.000
.147
.803
.105
.001

Abbreviations: as in Tables 1 and 2.

inﬂuence study results such that no conclusions can be
drawn. As mentioned before, at our institution we adopt a
restrictive transfusion policy. Transfusion therapy guided by
blood patient management principles is the current practice
at our hospital. The decision to transfuse in our center is an
individual one, based on the stage of transplantation surgery, patient comorbidities, and physiologic triggers.
In Cox regression, the proportional hazard assumption
must always be checked, otherwise a single HR for a given
variable could misrepresent the effect on survival
throughout the follow-up period [13]. Given the fact that
the proportionality assumption did not hold in our sample,
we decided to address this issue by adding a time-varying
interaction term to the Cox model.
In the present study, the inﬂuence of RBC transfusion on
survival was statistically signiﬁcant for only the 1st 6 months
after LT and not for the remaining survival time (Table 5).
In fact, most adverse outcomes associated with transfusion
are temporally close to its administration. In a literature
review, we did not ﬁnd studies discussing a time-varying
effect of RBC transfusion in liver transplant patients.
However, in other clinical domains, such as cardiac surgery
and major trauma, investigators consistently described a
time-varying effect of RBC transfusion on survival [14].
Some of those articles showed a biphasic pattern with an
early phase (1st 6 months of follow-up) of diminished survival associated with RBC transfusion and a late phase with
less or no signiﬁcant association [15,16].
Regarding the association between female sex and
decreased survival found in our sample, other authors did
not ﬁnd sex to be an independent risk factor for survival in
LT [6e8]. The association between sex and survival has been
studied in other specialties, namely, cardiac and orthopedic
surgeries. According to those studies, women submitted to
cardiac surgery had poor survival [17e21], whereas in orthopedic surgery better outcomes for women were observed
[22e25]. In their discussions, the authors of these papers
point out very different explanations for their results.
Regarding our sample, this result could reﬂect confounding
involving variables not included in our study, such as donor/
recipient sex or liver size mismatch. Given this uncertainty,
we consider any explanation for this result to be speculative.
In our population, the MELD score was relatively low,
with a median of 13.5, which could translate to low risk of
mortality. However, as previously mentioned, exception
points were not included. Also, our patient waiting list for
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LT is managed according to variables other than just MELD
(uncontrollable ascites, encephalopathy, etc), differentiating
our center from others.
FAP is an autosomal hereditary systemic disease characterized by hepatic production of an abnormal protein that
causes systemic amyloidosis. These patients were excluded
from the analysis because hepatic functions and structure
are preserved, thus being associated with a less demanding
surgery and a reduced amount of intraoperative blood loss
(median RBC transfusion in our center is 0 units; unpublished data).
The present study was retrospective in nature and the
database restricted to the clinical data in the anesthesia
records, explaining why some of the potential important
variables are missing from the analysis, such as donor
characteristics. This represents an important limitation in
this study that should be addressed in future analysis
regarding this topic. Nevertheless, the time-varying effect of
RBC transfusion is not mentioned in earlier studies concerning the same subject. So we consider this to be a starting
point for the development of other clinical studies that focus
on the effect of RBC transfusion on survival of patients
submitted to LT and the way that this could be inﬂuenced by
the time factor. On the other hand, given the low rate of
transfusion of other blood products (29% for fresh-frozen
plasma, 15% for platelets), this analysis was not pursued.
In conclusion, we found RBC transfusion to be an independent risk factor for survival in LT patients at our institution, its effect on survival being limited to the early phase
of follow-up (<1 y).
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