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Abstract
From its inception the success of liver transplantation
has been associated with massive blood loss. Massive
transfusion is classically defined as > 10 units of red
blood cells within 24 h, but describing transfusion
rates over a shorter period of time may reduce the
potential for survival bias. Both massive haemorrhage
and transfusion are associated with increased risk
of mortality and morbidity (need for dialysis/surgical
site infection) following liver transplantation although
causality is difficult to prove due to the observational
design of most trials. The blood loss associated with
liver transplantation is multifactorial. Portal hypertension
secondary to cirrhosis results in extensive collateral
circulation, which can bleed during hepatectomy parti
cular if portal pressures are increased. Avoiding volume
loading and maintenance of a low central venous
pressure together with the use of vasopressors have
been shown to reduce blood loss and transfusion
during liver transplantation, but may increase the risk
of renal impairment post-operatively. Coagulation
defects may be present pre-transplant, but haemosta
sis is often re-balanced due to a deficit in both proand anti-coagulation factors. Further derangement
of haemostasis may develop in the anhepatic and
neohepatic phases due to absent hepatic metabolic
function, hyperfibrinolysis and platelet sequestration in
the donor liver. Point-of-care tests of coagulation such
as the viscoelastic tests rotation thromboelastometry/
thromboelastometry allow and more accurate and rapid
assessment of these derangements in coagulation and
guide the use of factor replacement and antifibrinoly
tics. Transfusion protocols guided by these tests have
been shown to reduce transfusion rates compared with
conventional coagulation tests, but have not shown
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which was comparable with other groups at the time .
The reduction in transfusion rates was attributed to
improved surgical technique and faster laboratory
processing times to allow more rapid diagnosis and
[11]
treatment of developing coagulopathies . Despite
these advances, liver transplant recipients accounted for
[10]
up to 25% of all the blood transfused in a hospital and
had by far the greatest requirement for blood products
[12]
of any solid organ transplants .
Outcomes following liver transplantation have dra
matically improved with 5-year graft survival rates in
the United States of at least 70% despite transplants
being performed on patients with a worse clinical
condition due to the Model for End-Stage Liver Disease
[13]
(MELD) score based organ allocation system . MELD
was adapted by the United Network for Organ Sharing
from a survival model used for patients undergoing
[14,15]
transjugular intrahepatic portosystemic shunts
, and
objectively predicts 3-mo mortality and therefore the
[16]
need for transplantation . There has been an equally
impressive decline in blood product use over the same
[17,18]
period
with case series describing OLT without the
[19-23]
use of any blood products
. Yet despite the notable
improvements made in the management of blood loss
and transfusion there remains a large variability in trans
[24]
fusion practices . This variability in transfusion practice
of a precious resource is an important consideration
as there may be implications for transplant morbidity
[25-29]
and mortality
. The impact of blood transfusion on
surgical outcomes is an area of active debate, but the
impact of massive transfusion is more convincing.
Recent reviews have discussed prediction of blood
[30,31]
loss during liver transplantation
, and summarised
[32,33]
strategies to reduce blood loss
. This review will
focus on massive haemorrhage in liver transplantation
including consequence, prediction, and management
as well as considering some of the lessons learned from
other surgical specialties such as trauma and obstetrics.

improvements in mortality or morbidity. Pre-operative
factors associated with massive transfusion include
previous surgery, re-do transplantation, the aetiology
and severity of liver disease. Intra-operatively the use
of piggy-back technique and avoiding veno-veno bypass
has been shown to reduced blood loss.
Key words: Liver transplantation; Massive transfusion;
Coagulopathy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The management of bleeding during liver
transplantation requires an understanding of the unique
coagulopathy of liver failure and the ability to recognize
the risk factors for massive transfusion. By avoiding
massive haemorrhage and transfusion, patients’ out
comes after transplantation are likely to benefit.
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INTRODUCTION
The first human solid organ transplantation was per
formed in 1954 when Dr. Joseph Murray led a team in
successfully transplanting a kidney between identical
[1]
twin brothers . Liver transplantation proved far more
difficult as patient decompensation was inevitable and
the challenges of operating with massive and uncon
[2]
trollable haemorrhage were substantial . In 1963,
[3]
Starzl et al published the first case series of 3 patients,
two of whom died shortly after the procedure and one
bleeding to death on the operating table. Throughout
the remainder of the 1960’s liver transplantation was an
experimental procedure with the first survival beyond a
[4]
year not coming till 1967 . Improvements in surgical
outcomes became possible with the dramatic improve
ment in the graft quality due to the acceptance of the
[5]
concept of brain death , and with the introduction an
[4,6]
effective immunosuppressive agent, cyclosporine .
Survival after liver transplantation has steadily impro
[7,8]
ved , and orthotopic liver transplantation (OLT) is now
an accepted treatment of advanced liver failure.
With the expansion of OLT programs in the early
1980’s, there was an increasing demand on blood
[9]
transfusion services. Butler et al reported red blood
cell (RBC) transfusion rates in the range of 6-254 units
per person in the first few years of their programme.
With experience the same group was able to reduce
their mean RBC, fresh frozen plasma (FFP) and platelet
[10]
transfusion rates from 40 to 20 units per patient ,
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DEFINITION
The classical definition of massive haemorrhage is
[34]
the loss of one blood volume within a 24-h period .
Correspondingly massive transfusion in an adult has
commonly been defined as 10 or more units of packed
red cells in a 24-h period, which approximates to replace
ment of one blood volume based on the approximate
[35]
blood volume of a 70-kg male .
These definitions are retrospective and often used
as the basis for risk prediction models for massive
blood loss and the implementation of resuscitative
transfusion strategies and protocols. Their use has been
questioned particularly in the setting of trauma as it
excludes information regarding the patient’s condition,
institutional transfusion practices and the risk of survival
bias as patients who die from exsanguination before
receiving 10 units will not be included in the massive
[36]
transfusion group . Haemorrhage is the main cause
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Portal hypertension

of death following major injury in patients surviving to
hospital admission with the highest incidence 1 to 3 h
[37]
following admission . To address this researchers in
trauma suggested more dynamic definitions of massive
transfusion including the use of 4 red cell concentrates
[38]
within one hour with likely on-going need , 5-plus
[39]
units within first four hours of admission
or 10 units
[35]
within 6 h . The PROMPTT trial investigators suggested
[35]
two different approaches. Rahbar et al demonstrated
that resuscitation with four or more units (with 1 L
crystalloid classed as 1 unit) of fluid within the first 30
min of admission for trauma was significantly associated
with 6-h mortality and was a surrogate for sickness
in severely bleeding patients. Alternatively Rahbar et
[36]
al
using baseline admission characteristics (systolic
blood pressure < 90 mmHg, HR > 120 bpm, pH < 7.25
and haemoglobin < 9) were able to develop a latent
class model for those at risk of severe haemorrhage
and in need a massive transfusion protocol (MTP). The
British Committee for Standards in Haematology have
suggested a similar dynamic definition as “bleeding
which leads to a heart rate of more than 110 beats/min
[40]
and/or systolic blood pressure less than 90 mmHg” in
their most recent guidelines.
In obstetrics massive haemorrhage remains an
important cause of morbidity and mortality with 13
death per 100000 maternities in the United Kingdom
reported in the most recent confidential enquiry into
maternal deaths. Post-partum haemorrhage (PPH) is
defined as more than 500 mL from the genital tract
within 24 h of birth and subdivided into minor (500-1000
mL), moderate (1000-2000 mL) and severe (> 2000
[41]
mL) . These definitions form the basis for activating
protocols of resuscitation measures. The Royal College
of Obstetrics and Gynaecology state that moderate PPH
(1000 mL plus) with on-going bleeding or signs of shock
[41]
should trigger such measures .
Liver transplantation surgery in contrast to trauma
and obstetrics is largely an elective or semi-elective
procedure where blood loss can be anticipated and a
strategized around. Death from exsanguination, common
in the early days of transplantation is now a rare event
and therefore the traditional definitions of massive
haemorrhage/transfusion are less at risk of survivor bias.
Defining massive transfusion as 6 unit or more in 24 h
has been used in a number risk prediction studies for
[42-44]
massive transfusion
.

As chronic liver disease progresses hepatocyte death
leads to inflammation and the subsequent generation of
[45]
fibrosis that marks the onset of cirrhosis . Increased
intrahepatic vascular resistance (HVR) with maintained
portal blood flow requires increased portal pressures.
Approximately, 70% of the portal hypertension is
attributed to structural factors (fibrosis, vascular re
modelling, vascular occlusion, nodule formation) whilst
the remaining 30% is thought to be due to dynamic
[46]
functional abnormalities in the liver microvasculature .
A reduction in intrahepatic vasodilators (of which nitric
oxide may be the most important) combined with an
increased activity and sensitivity to endogenous vaso
constrictors contribute to the dysfunctional nature
of sinusoidal endothelial cells with vasoconstriction
[46]
of microvasculature and increased HVR . As portal
hypertension develops portosystemic collateral vess
els form and blood from the splanchnic circulation is
[46]
diverted into these collateral vessels . In addition to
increased portal blood flow, thinning of arterial walls
in these circulatory beds increase the susceptibility for
blood loss.

Coagulopathy of liver disease

The liver synthesises most of the circulating proteins
of coagulation needed in haemostasis, therefore there
is a decreased level of many of these proteins in liver
[47]
failure . Conventional tests of coagulation are often
deranged in advanced liver disease reflecting the
deficiency in procoagulant factors. The prothrombin
time (PT) and international normalised ratio (INR) are
useful markers of hepatic synthetic function. The INR
is also used in combination with recipient age, bilirubin
and creatinine to calculate the MELD score.
Conventional coagulation tests are, however, poor
predicators of peri-procedural bleeding in end-stage
liver disease with no increase in bleeding seen in pa
tients undergoing invasive procedures such as cardiac
[48]
[49]
catheterisation
or dental extraction . The main
source of bleeding seen in liver disease pre-transplant
is secondary to variceal haemorrhage, with portal hyper
tension and splanchnic haemodynamics the proposed
mechanism for bleeding rather than coagulopathy.
The haemostasis in liver failure is neither shifted
towards bleeding nor thrombosis, but has been referred
[50]
to as a balanced coagulopathy . Thrombocytopenia
and reduced platelet function is offset by elevated
levels of von Willebrand factor (vWF) and decreased
levels of ADAMTS 13 (a metalloprotease which cleaves
[51]
vWF) . All pro-coagulant proteins are reduced in hepa
tic insufficiency with the exception of factor Ⅷ, but so
too are the levels of anti-coagulants antithrombin and
[50]
protein C and S . It has been suggested that the
relative excess of plasma coagulation factors in health
provides a “margin of safety” to account for physiological
[50]
or pathological stresses to the system . Without this
excess of coagulation factors the balanced coagulopathy
of liver failure can be thought of as more susceptible

EPIDEMIOLOGY OF HAEMORRHAGE
DURING LIVER TRANSPLANTATION
Liver transplantation requires operating on patients
with the pathophysiological changes associated with
advanced cirrhotic liver disease. The presence of portal
hypertension and the haemostatic changes that occur
both as a consequence of hepatocyte death and during
the stages of liver transplantation itself are important
causes of bleeding that are unique to this procedure.
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to the perturbations associated with the perioperative
period.
This revised understanding of the coagulopathy of
liver failure challenges the ubiquitous use of plasma to
correct abnormal blood tests and should focus the use
of blood products to manage overt microangiopathic
[2]
bleeding . In fact, the aggressive correction of deran
gements in INR without supportive evidence of impaired
clotting may not only be unnecessary, but harmful in
and of itself. In portal hypertensive rats subjected to
a period of haemorrhage, replacing the exact volume
lost with blood results in an increase in portal pressures
[52]
by 20% , higher rates of haemorrhage and worse
[53]
outcome . This has subsequently been demonstrated
in patients with severe acute upper GI bleeds. Those
treated with a restrictive transfusion strategy had lower
portal pressures, lower rates of further bleeding and
higher rates of survival compared to those treated with
[54]
a liberal stratergy .

transfusion of > 28 units was as significant risk factor
for decreased 3 mo survival in a study of 233 consecu
tive liver transplant recipients performed by the same
experienced surgeon. Intraoperative blood transfusion
greater than 5 units was independently associated with
reduced 3 and 5 years survival in a study of 102 living
[60]
donor liver transplant patients .
Observational studies have demonstrated a link
between blood loss and transfusion requirements and
increased morbidity in OLT patients. Transfusion require
ments of > 17.5 packed red cell units and > 3.5 platelet
units in a study including 291 consecutive OLT patients
were found to accurately predict the requirement for
[29]
post-transplant renal replacement therapy . Trans
fusion of > 2 units of packed red cells was identified as
a risk factor for development of surgical site infections
[61]
in liver transplant recipients . Intraoperative blood
loss was also found to be the main determinant of early
[62]
surgical re-intervention after OLT .
It is important to highlight that studies investigating
outcomes following liver transplantation are limited by
their observational nature in that they demonstrate
association and not causality between blood loss,
transfusion requirements and morbidity and mortality
outcomes.

Phases of transplantation

During the pre-anhepatic phase of transplantation the
surgeon has to perform a hepatectomy whilst contending
with the numerous porto-systemic collaterals and the
hyperdynamic, dilated, thin walled splanchnic circula
tion. Adhesions from previous surgery can be another
[2]
source of blood loss . During the anhepatic phase,
hepatic synthesis and clearance is absent, and hyperfibrinolysis can increase rapidly with the accumulation
[55]
of tissue plasminogen (t-PA) . Plasma t-PA increases
the conversion of plasminogen to plasmin. The end
result is that during the anhepatic phase fibrinogen
production is stopped and the consumption of fibrin is
promoted leading to a rapid consumption of the primary
building block of clot formation and increased blood
[56]
loss . In the neohepatic phase, fibrinolysis is further
stimulated by the release of t-PA from the ischaemically
[57]
injured endothelium of the donor liver . Platelet counts
commonly decrease due to sequestration into the
sinusoids, extravasation of platelets into disse spaces
[55]
and phagocytosis by Kupffer cells .

PREDICTION OF MASSIVE TRANSFUSION
IN LIVER TRANSPLANTATION
A number of studies have identified factors associated
with massive blood loss and transfusion requirements in
[42-44,60,63-79]
liver transplant patient populations (Table 1)
.
Risk factors can be classified based on the perioperative
period and surgical factors.

Preoperative risk factors

Patient, donor organ or other factors that increase the
duration or technical difficulty of the surgical procedure
[25,60,73,80]
such as previous abdominal surgery
or redo
[42]
transplantation
are independently associated with
higher blood loss and transfusion requirements. Obser
vational studies suggest that haemostasis, coagulopathy
and risk of bleeding differ according to the cause of
liver failure. For instance, patients with primary biliary
cirrhosis exhibit a preserved capacity for thrombin
generation and less fibrinolytic activation during the
[81]
anhepatic phase compared with other cirrhotic states .
Case series of patient with portal vein thrombosis under
going liver transplantation report greater operation times
[80,82]
and consumption of blood products
. Increasing age
of the recipient has been reported as predictor of MBT in
[42,72,79]
[42]
a number of studies
. McCluskey et al found age
to be a weak predictor and the authors remarked that
age is likely to be a surrogate for other unidentified risk
factors.
Severity indexes of liver disease have been investi
gated as predictors of blood loss during liver transplant
surgery. The Child-Turcotte-Pugh (CTP) score uses

CONSEQUENCES OF MASSIVE BLOOD
LOSS AND MASSIVE TRANSFUSION
Transfusion of RBCs and blood products has been linked
[28,58]
to adverse outcomes in OLT patients
. Even modest
transfusion requirements have been linked to prolonged
lengths of hospital stay, with the use of of more than 6
units of red cells having the greater impact in decreased
[44]
[59]
survival rates . de Boer et al
demonstrated a dose
related effect in one year survival rates, with a HR of
1.37 per unit of platelets and 1.07 per unit of packed red
blood cells, in their multivariate analysis of a cohort of
433 adult OLT patients.
Both short and long-term survival appears to be
affected by intraoperative massive blood transfusion
[28]
(MBT). Rana et al found that an intraoperative blood
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Table 1 Studies evaluating red blood cell transfusion requirements and prediction variables in adult liver transplantation
Ref.
Motschman et al[63]

No. of patients

Population

83

OLT

Deakin et al[64]

300

Findlay et al[65]

583

Steib et al[66]

410

Pirat et al[67]

40

Data methodology

Retrospective univariate
and multivariate
OLT
Retrospective univariate
and stepwise multivariate
OLT
Retrospective univariate
and multiple linear
regression analysis
OLT
Retrospective univarite
and stepwise multivariate
analysis
OLT
Bivariate and multiple
linear regression
OLT
Univariate and
multivariate regression
OLT
Retrospective univariate
and multivariate logistic
regression
LDLT (adult
Univariate
and pediatric)

Ramos et al[44]

122

Massicotte et al[68]

206

Yuasa et al[69]

635

McCluskey et al[42]

460

OLT

Mangus et al[70]

526

Massicotte et al[71]

505

OLT “piggy
back”
OLT

Araújo et al[72]

758

OLT

Bang et al[73]

555

LDLT

Roullet et al[74]

148

OLT

Esmat Gamil et
al[43]

286

OLT

Li et al[60]

181

LDLT

Wu et al[75]

522

LDLT

Varotti et al[76]

219

OLT

[77]

291

De Santis et al[78]

166

Cywinski et al[79]

804

OLT (no
malignancy
or retransplant)
OLT “piggy
back”
OLT

Outcomes

Final model prediction variables Performance of model

RBC transfusion
requirement
≥ 7 units RBC

History of previous GI bleed,
Previous RUQ surgery
Urea levels and platelet count

RBC transfusion
requirement

Age, creatinine and bilirubin

High blood loss
Preoperative Hb, previous
≥ 12 units RBC abdominal surgery, preoperative
FDP
RBC transfusion
Preoperative albumin
requirement
> 6 units RBC
UNOS class and placement of
caval shunt
> 4 units RBC Starting INR, platelet count and
duration of surgery

Specificity 62%
Sensitivity 68%
R = 0.22

Sensitivity 18%
Specificity 98%
R = 0.48

Arbitrary high
Univariate = age < 1 yr, Hct <
blood loss
30%, T-Bil > 20 mg/dL, BUN >
quartile (344 ± 30 mg/dL. Dx Pre-op atresia, Re
272 mL/kg)
transplantation
Multivariate regression. > 6 units RBC in Age > 40, Hb < 10 g/dL, NR C statistic model = 0.79
Risk index internally
24 h
1.21-1.99 and > 2, platelet <
validated
70, creatinine > 110 mmol/L
female and > 120 mmol/L males,
albumin < 28 h/L and redo
transplant
Univariate and
RBC transfusion Pre-op Hb MELD score, Initial
multivariate regression
requirements
CVP
Nomogram risk model
FFP transfusion. High starting
Bootstrapped AUC
based on multivariate
Hb and phlebotomy protective
prediction model =
regression analysis
for blood loss
89.8%
Retrospective univariate
RBC
PT, Hb, age, liver malignancy
R = 0.30
and multivariate
requirements
regression
Multivariate regression Intraoperative
MELD, albumin, ascites and
blood loss >
previous abdominal surgery
1000 mL
Univariate and
> 8 units RBC Preoperative Hb and Child-Pugh
multivariate regression and loss of > 1 A protective for blood loss > 1
blood volume
blood volume
Univariate and
> 6 units RBC
INR > 1.6, Ascites
multivariate logistic
regression
Univariate and
> 6 units RBC Platelet count < 70 × 109/L, Hb
multivariate regression
< 100 g/L, fibrinogen < 1.5 g/L
and previous abdominal surgery
Univariate and
Re-exploration
> 10 mL/kg FFP transfusion
multivariate regression for hemostasis
Univariate and
RBC transfusion
MELD
multivariate regression
requirements
Multivariate logistic
RBC transfusion
Baseline Hb and Fibrinogen
regression
requirements

Univariate and
multivariate regression
Multivariate regression
Bootstrapping for
prediction model

Blood product
Child-Pugh, preoperative Hb
requirements
and INR, graft ischemia time
RBC and
MELD and preoperative platelet RBC + CS > 20 units c
cell saver
count
= 0.70 (RBC + CS > 30
requirement, >
units c = 0.67
20 and > 30 RBC
units usage

OLT: Orthotopic liver transplantation; LDLT: Living donor liver transplantation; RBC: Red blood cells; GI: Gastrointestinal; RUQ: Right upper quadrant;
UNOS: United Network for Organ Sharing; INR: International normalized ratio for prothrombin activity; FFP: Fresh frozen plasma; Hct: Hematocrit; Hb:
Hemoglobin; PT: Prothrombin time; MELD: Model for End-Stage Liver Disease; CVP: Central venous pressure; AUC: Area under the curves.
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levels of serum bilirubin, albumin, PT and the presence
of ascites and encephalopathy to quantify of disease
severity. Multiple studies have included the CTP score
in multivariate analyses of factors associated with
increased blood loss during liver transplantation with
[44,60,68,78]
[78]
diverging results
. De Santis et al
found in
a population of 166 “piggy-back” OLT that the CTP
score together with haemoglobin and graft ischaemia
time to be associated with blood and blood products
transfusion requirements. A CTP class A was found to be
a protective risk factor for bleeding more than one blood
[74]
volume in a study including 148 OLT patients .
Multivariate analysis found an association between
pre-operative MELD scores and blood products usage
or massive blood loss in different liver transplant patient
[83]
populations such as hepatitis B related cirrhosis , living
[73]
[70]
[76,79]
donor , piggyback
and mixed OLT populations
.
MELD was significantly associated with patients requiring
the use of blood products, but failed to predict those
[79]
requiring massive blood transfusions . MELD was
also a poor predictor of blood loss or blood transfusion
requirements in a series of 350 patients with mean
[71]
MELD scores of 20 ± 10 . It is important to note to
mention that the reported mean transfusion requirement
was only 0.5 ± 1.3 unit which is lower than the reported
[76]
by other studies in similar populations .
Preoperative haemoglobin is an important predictor
of blood transfusion in a number of multivariate mod
[42,60,66,70,72,77,83]
els
. Preoperative haemoglobin of more
than 12.6 g/dL was found to be a protective factor
for blood loss of one blood volume or more in a series
[74]
of 148 patients receiving OLT . Thrombocytopenia
pre-transplant is also associated with massive blood
[60,80]
transfusion requirements
.
Coagulation variables such as the INR and fibri
nogen are predictors of blood loss and transfusion
requirements. A cut-off INR of ≥ 1.6 was found to be
predictor of > 6 units blood transfusion requirement in
[43]
an study of 286 patients receiving OLT . Preoperative
INR values were also found to be independent predic
tors of risk for MBT in a study of 460 liver transplant
[42]
recipients . Fibrinogen levels below 1.5 g/dL were
associated with increased risk for transfusion of > 6 units
[60]
of RBC in living donor related transplant patients .
The presence of ascites was found to be predictive
[43]
of a transfusion requirement of > 6 units RBC
and
[73]
of high intraoperative blood loss (> 1000 mL) . The
development of ascites may serve as a marker of portal
hypertension with an associated increase in collateral
circulation and dilated blood vessels that may be
transected during surgical dissection.
Models to improve prediction of blood loss and MBT
requirements have been developed from preoperative
risk predictor variables that are readily accessible
to the clinician during the preoperative assessment.
The McCluskey risk index for MBT includes seven
preoperative variables: Age > 40 years, haemoglobin
concentration (≤ 10.0 g/dL), INR 1.2-1.99 and > 2),
9
platelet count ≤ 70 × 10 /L), creatinine (> 110 μmol/L

WJT|www.wjgnet.com

for female subjects and > 120 μmol/L for male subjects,)
and repeat transplantation. The model was internally
[42]
validated achieving a high c statistic (0.79) . External
validation of the McCluskey index attained reasonable
[84]
sensitivity (80%) and specificity (84.21%) . However,
[79]
more recently, Cywinski et al also attempted to create
a prediction model for intraoperative blood product
requirements based on preoperative variables. The
authors used several advanced statistical techniques to
analyse data from 804 primary OLTs performed during a
9-year period. Although, they found a strong relationship
between transfusion and postoperative mortality, the
model proved to be an unreliable predictor of transfusion
[79]
requirements .

Surgical factors

Advances in surgical techniques and experience have
been crucial for the reduction in blood loss. The piggy
back technique involves a single anastomosis of the
donor vena cava to the recipient inferior vena cava and
[85]
a shortened warm ischemic time . Additionally, the
preservation of the recipient’s vena cava reduces the
requirement for extensive resection of the retroperito
neum. Large case series of patients undergoing OLT
using the piggyback technique report a reduction in
[86-88]
transfusion requirements
compared with the classic
technique or use of veno-venous bypass. Veno-venous
bypass has been found to be an independent predi
ctor for increased blood loss and transfusion require
[44,89]
ments
. It is thought that the contact with the bypass
circuits triggers fibrinolysis, haemolysis and platelet
activation, thus impairing or worsening haemostasis.
Despite the encouraging data from case series, a
Cochrane review that included two trials with high risk
of bias comparing the piggyback with the conventional
method of liver transplantation did not find enough
evidence to recommend or refute the use of the piggy
[85]
back method .

MANAGEMENT OF MASSIVE BLOOD
LOSS
Lessons from the Battlefield

Many of the developments in the management of the
exsanguinating patient have come from the trauma
literature and the experience gained by treating military
casualties in the Iraq and Afghanistan wars. Haemo
rrhage is the leading cause of death in the first hour
following traumatic injury and causes 40% of all trauma
[90]
deaths . Treatment of massive haemorrhage was
historically concerned with restoration of the circulating
volume using crystalloids until a transfusion trigger was
met (commonly 6 g/L) after which packed red cells
were to be given. Both British and American guidelines
advised only giving FFP after the loss of approximately
[34,91]
one blood volume and aiming for an INR < 1.5
.
Coagulation abnormalities with trauma patients were
thought to be as a result of closed head injury or iatro
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genic due to massive blood transfusion or excessive fluid
resuscitation. Two papers from 2003 challenged this
concept and demonstrated that patients presenting with
major trauma commonly had a significant coagulopathy
that was present before resuscitation had commenced
[92,93]
and was an independent predictor of mortality
.
This coagulopathy was termed acute coagulopathy of
trauma.
Acute coagulopathy of trauma is characterised
by ooze-type bleeding from mucosal regions, serosal
surfaces and vascular access sites distinct from simple
[94]
massive bleeding . It consists of endogenous primary
pathologies - disseminated intravascular coagulation
(DIC) and acute coagulopathy trauma shock (ACOTS),
and exogenous secondary pathologies that mimic DIC
and ACOTS - hypothermia, acidosis, anaemia and
[95]
dilutional coagulopathies . Similarities between the
pathophysiological changes that occur in liver trans
plantation have been discussed in a recent review on
[96]
haemostasis in liver transplantation . Derangements
in thrombin-thrombomodulin-protein C system lead to
anticoagulation in both trauma and liver transplantation
[96]
patients . Catecholamine release during traumatic
injury is thought to directly damage the endothelium
resulting in progressive de-endothelialisation. High levels
of syndecan-1, a marker of endothelial degradation
is association with inflammation, coagulopathy and
[97]
increased mortality in trauma patients , and patients
with end-stage liver disease have recently been de
monstrated to have significantly higher levels than
[98]
controls . These levels are further elevated following
graft reperfusion during liver transplantation.
MTPs with fixed ratios of red cells to plasma more
closely approximating whole blood transfusions came
to the fore following a retrospective analysis of United
States army combat patients requiring massive trans
fusion. Those that were treated with a high plasma
to RBC ratio had a significantly improved survival to
hospital discharge compared with those treated with low
ratio transfusion, primarily through decreasing death
[99]
from haemorrhage . These results led to a proliferation
of studies reporting beneficial outcomes from high
[100,101]
plasma:RBC ratio MTPs in trauma
as well as
[102,103]
obstetrics
. Part of the benefit must be attributed
to the decreased delay in obtaining blood products
and improved communication between the laboratory
and the team treating the patient. One criticism of
the studies investigating MTPs is that they are largely
retrospective before and after studies that are subject
to survivor bias. Given the lack of high quality trials the
Canadian National Advisory Committee on Blood and
Blood products took the decision in 2011 that fixed ratio
formula based care could not be recommended as a
[104]
standard of care
. In an attempt to address these
concerns two large concurrent prospective multicentre
trials have been conducted in severely injured adult
civilian trauma patients.
The observational trial PROMMTT, demonstrated
reduced 30-d mortality in patients treated with a higher
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FFP/Platelet to red cell ratio early in resuscitation and
went on to inform the design of the randomised control
[105,106]
trial PROPPRR
. Here, while 30-d mortality was
not improved in patients treated with a 1:1:1 ratio vs
1:1:2 (plasma:platelets:red cells), fewer patients died
[107]
from exsanguination in the first 24 h
. Criticism of
the use of fixed ration protocols cite the potential waste
of blood products and the one-size fits all approach to
massive haemorrhage. MTPs promote the early use of
plasma and platelets, which might otherwise be delayed
if waiting for conventional laboratory coagulation test
results to guide treatment. The increasing availability
of point of care (POC) haemostatic tests such as the
viscoelastic assays, rotational thromboelastometry
(ROTEM™) and thromboelastometry (TEG™), provide
[108]
an alternative. Tapia et al
demonstrated that TEG™
guided resuscitation was superior to standardized MTP
resuscitation of penetrating trauma patient and Karkouti
[109]
et al
were able to demonstrate a significant reduc
tion in transfusion rates for all blood products for pa
tients undergoing cardiac surgery through a ROTEM™
based algorithm. Recent state of the art papers on the
management of traumatic haemorrhage have viscoelastic
[38,110-112]
tests integrated into MTPs
. In the presence
of uncontrolled haemorrhage, fixed ratio transfusion
packages are instigated converting to viscoelastic test[110]
guided goal-driven resuscitation once bleeding slows .
While trials comparing fixed ratio-guided resuscitation
with viscoelastic test-guided in liver transplantation are
lacking it is usually a well-controlled procedure and most
centres have access to POC coagulation monitors to
guide transfusion, the fixed ration MTP’s are possibly only
required in the most uncontrolled of settings.

Fluid management

Another strategy to reduce blood loss is fluid restriction
similar to liver resection surgery. However, excessive
fluid restriction may have deleterious consequences
including hemodynamic instability and postoperative
[113]
renal impairment. Schroeder et al
conducted a
retrospective record review comparing two liver trans
plant centres using “low” central venous pressure (CVP)
(< 5 mmHg) and “normal” CVP (7-10 mmHg) targets
during liver transplant. Even though transfusion rates
were reduced, increased rates of postoperative renal
failure and 30 d mortality were observed in the “low”
CVP group.
Reduction of blood loss through maintenance of
a low CVP must be balanced against adequate tissue
perfusion. Static pressure measurements such as CVP
are unreliable indicators of volume status and adequ
[114]
acy of organ perfusion . Dynamic (pulse and stroke
volume variation) and thermodynamic (Intrathoracic
Blood Volume Index) have demonstrated superior perfor
mance compared to static pressure measurements in
terms of volume status assessment and preload de
pendence prediction in critical care and perioperative
[115]
settings
. Studies looking at the performance of
dynamic parameters during liver transplant surgery have

297

June 24, 2016|Volume 6|Issue 2|

Cleland S et al . Massive haemorrhage in liver transplantation
[116,117]

produced mixed results
and their impact on liver
transplantation outcomes requires further research.

within 6 h if required. Patients were randomized to
a “liberal” RBC transfusion threshold of 90 g/L or
“restrictive” of 70 g/L. Thirty-one percent of patients
in both groups had cirrhosis and bleeding was due
to oesophageal varices in 21% of the patients. The
authors observed improved mortality rates, reduced
risk of further bleeding, and less complications such
as pulmonary oedema, in patients randomised to the
restrictive strategy.
There is some evidence that erythrocytes stimulate
thrombin generation and play a concentration dependant
[125]
role in accelerating the initial coagulation reaction .
Therefore, higher haemoglobin concentrations may
be desirable during acute bleeding associated with
hemodynamic instability.
Blood loss during liver transplant surgery can occur in
a slow and protracted manner or can be rapid and cause
severe hemodynamic instability limiting the applicability
of haemoglobin thresholds. During exsanguinating
blood loss transfusion should be guided by the rate of
bleeding and the likelihood of surgical control: Guided
by transfusion indicators and POC testing where possible
and guided by fixed ratio transfusion of RBC, plasma
and platelets when bleeding is acute and time does not
permit real time assessment of the coagulation status.
Viscoelastic tests of coagulation (TEG™, ROTEM™)
provide a dynamic picture of the interaction of the whole
blood coagulation and fibrinolytic systems. Viscoelastic
methods have faster turnaround times compared to
traditional tests and are POC or bedside tests, performed
in close proximity to the patient in the operating room or
critical care areas.
The use of POC viscoelastic methods of coagulation
monitoring and their inclusion in blood and blood pro
ducts transfusion algorithms has been found to be
associated with reduced blood and blood products
[126]
requirements in cardiac surgery . A Cochrane review
including 9 RCTs concluded that the use of ROTEM™ or
TEG™ to guide transfusion strategies in patients with
massive bleeding appears to reduce the amount of
bleeding and requirement for blood and blood products,
but found no evidence of benefit in terms of morbidity
[127]
and mortality .
Another Cochrane review studying interventions
to reduce blood loss in liver transplantation analysed
two randomised studies using thromboelastography
[128]
in liver transplant populations
. The studies were
both single centre and included a population of adults
[129,130]
undergoing OLT
. The authors concluded that thr
omboelastography-guided transfusion was associated
with a reduction in FFP transfusion requirements but
had no impact on 3-year survival rates, RBC or platelet
transfusion requirements. The trials were however
deemed to have a high risk of bias by the Cochrane
reviewers.
Viscoelastic tests can detect the presence and
degree of fibrinolysis at different stages of the transplant
procedure and can be used effectively to guide the need

Vasopressors

A variety of pharmacological agents can produce
selective vasoconstriction of the splanchnic vascular bed
and reduce portal blood flow. Vasopressin, octreotide
and phenylephrine are examples of agents that have
been studied as potential interventions for blood loss
reduction during OLT. Use of low dose vasopressin (0.04
U/min) infusion during the dissection phase was asso
ciated with reduce blood loss compared with control
group in a retrospective non randomised study of 110
[118]
OLT patients .
The effect of an octreotide infusion was studied in a
randomised controlled trial of 79 patients undergoing
OLT. The study found that an octreotide infusion was
associated with an increased urine output during the
operation compared to control, but it failed to show any
significant difference in terms of blood loss or blood
[119]
transfusion requirements .
Phenylephrine administration was found to be asso
ciated with decreased blood loss and lower lactate levels
compared to patients receiving inotropes (dobutamine
or dopamine) for cardiovascular support during liver
[120]
transplant
. Phenylephrine was also found to be
useful in restoring systemic arterial pressure following
phlebotomy aimed at reduced portal venous pressure
and thus blood loss during the dissection phase of
[121]
OLT .

Transfusion thresholds and coagulation monitoring

There is significant variability among liver transplan
tation centres in methods of coagulation monitoring,
[24]
transfusion triggers and transfusion protocols . There
is no evidence supporting specific haemoglobin or
haematocrit triggers for packed RBC transfusion in
OLT. However, data from other surgical and critical
care populations indicates that transfusion strategies
targeting lower perioperative haemoglobin levels are
safe and can lead to a reduction in RBC transfusion.
A transfusion threshold of 70 g/L for hemodynami
cally stable critically ill is suggested by data from the
[122]
Transfusion Requirements in Critical Care trial . The
Transfusion Reduction Threshold Reduction Trial (TITRe2)
compared the outcomes of a large population of cardiac
surgical patients finding no evidence of harm with the
use of a restrictive threshold of 75 g/L compared with a
[123]
“liberal” threshold of 90 g/L . Similarly, results from
a randomized surgical trials of hip surgery patients
with pre-existing cardiovascular disease indicate that
a restrictive RBC transfusion strategy is not associated
[124]
with harm . Some guidance can also be extrapolated
from a randomize study performed in the setting of
severe acute gastrointestinal bleeding excluding massive
exsanguinating bleeding, concurrent acute coronary
syndrome, stroke or peripheral vascular disease. All
patients received endoscopic and treatment for bleeding
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[131]

for and response to anti-fibrinolytic therapy

.

and meta-analysis of 23 studies including 1407 patients
analysed the effect of either TXA or aprotinin on blood
loss, transfusion requirements and incidence of throm
[132]
boembolic . Blood loss and transfusion requirements
were lower with TXA compared to controls, but the
thromboembolic risk was unchanged in groups of patient
[132]
receiving anti-fibrinolytic therapy .
In OLT, thromboembolic events are relatively rare
and as such trials studying TXA lack statistical power
to detect clinically significant important increases on
[140]
thromboembolic risk . However, it would be prudent to
treat with TXA only in presence of fibrinolysis, observed
clinically as microvascular bleeding or evidenced by
POC test such as TEG™ or ROTEM™. Routine used is
[141]
no longer recommended in international guidelines
and should be carefully considered in patients at risk of
thromboembolic complications.

Antifibrinolytics

There are 2 major classifications of antifibrinolytic
agents, the lysine analogues [aminocaproic acid, Amicar
and cyclokapron, tranexamic acid (TXA)], and the
trypsin inhibitor (aprotinin, Trasylol). Hyperfibrinolysis
may lead to significant blood loss due to diffuse micro
vascular bleeding, however, much of the fibrinolysis
is self-limiting which might help to explain why our
ability to predict massive transfusion is difficult and it
calls into question the routine prophylactic use of antifibrinolytic therapy. In most circumstances the risk of
thromboembolic complications with an antifibrinolytic
is low providing an excellent therapeutic index, but in
liver failure our inability to identify thromboembolic
[132]
risk is also limited
and therefore the judicious use
of these agents is recommended. Patients with a pro
thrombotic state, such as primary biliary cirrhosis,
primary sclerosing cholangitis, hepatocellular carcinoma,
portal vein thrombosis and Budd-Chiari syndrome, may
be at particularly increased risk of thromboembolic
complications.
In 1987 Royston demonstrated a dramatic reduction
in blood loss with aprotinin in patients under undergoing
repeat open heart surgery and its use in cardiac surgery
was approved by the Food and Drug Administration
in 1993. Concerns regarding an increased risk of
renal dysfunction were raised in several observational
[133,134]
trials
. The publication of the Blood Conservation
Using Antifibrinolytics in a Randomized Trial (BART) trial
raised additional concerns where patients undergoing
high risk cardiac surgery were shown to have a signi
ficantly higher 30-d mortality when given aprotinin vs
[135]
tranexamic acid or aminocaproic acid
led to its licence
being withdrawn in a number of countries. A number of
concerns regarding the methodology of the BART trial
have subsequently been raised and a review by Health
Canada found that the trial was too small to reliably
assess mortality and concluded that the benefits of
[136]
aprotinin outweighed it’s risks . Studies investigating
the aprotinin ban on blood loss in liver transplantation
give mixed results with both an increase in blood
[137]
transfusion rates following its withdrawal
and no
[138]
change
being reported.
Several systematic reviews have investigated the
use of antifibrinolytics in liver surgery. A recent Coch
rane review focused on methods to decrease blood
loss and transfusion requirements in liver resection
surgery including 33 trials involving 1913 patients with
interventions comparing aprotinin vs control, TXA vs
[139]
control and TXA vs aprotinin . There was no significant
difference in 60-d mortality or thromboembolic episodes
and while aprotinin was associated with a significantly
lower allogenic blood transfusion requirements, it did not
confer any outcome benefit. Importantly, the reviewers
deemed all the trials to have high risk of bias thus
[139]
further weakening the strength of the conclusions .
In liver transplantation recipients a systematic review
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Cell salvage

Intraoperative cell salvage has been adopted in a variety
of surgical settings in an effort to reduce allogeneic
blood transfusion rates and thus potential complications
and cost associated with the transfusion of allogeneic
[142]
blood
. Controversy exists surrounding the use of
cell salvage in liver transplantation. The washed RBCs
are devoid of clotting factors and platelets and there
is potential for accumulation of fibrinolytic factors
released by the processed RBC or the transplanted liver.
Older studies appeared to substantiate these concerns
suggesting that transfusion of salvaged blood was
associated with increase blood loss and requirement for
[143]
blood products . The cost effectiveness of cell salvage
[144]
has also being questioned . More recent studies have
demonstrated the efficacy of cell salvage in reducing the
[145]
need for allogeneic blood transfusion for both OLT
[146]
and living donor liver transplantation . The cost effec
tiveness of cell salvage was also established in a large
prospective study including 660 liver transplant patients
where a total cost saving of $188618 United States
[147]
dollars was achieved over the study period .
Malignant disease is a relative contraindication for
cell salvage due to the risk of metastasis arising from
cancerous cells that are not eliminated by the cell
salvage process. Intraoperative cell salvage has however
been used in the setting of hepatocellular carcinoma with
[148]
no apparent increase in recurrence rates . Leucocyte
depletion filters incorporated into cell salvage circuits
have shown to effectively remove malignant cells when
used during liver transplantation of patients with non[149]
ruptured hepatocellular tumours .
Bacteria can contaminate salvaged red cells when
suctioned blood is mixed with biliary, bowel secretions
or is in contact with the skin. A study analysing bacterial
contamination of salvaged blood during liver trans
plant found that even though micro-organisms can be
observed in to up to 70% of the processed and reinfused
units, none of the postoperative blood cultures revealed
[150]
growth of the same micro-organisms . It is however,
advisable to avoid aspiration of blood after initiation
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of the biliary anastomosis stage of the liver transplant
procedure.

14

CONCLUSION

15

The management of bleeding associated with liver
transplantation remains an important area of investi
gation and no one change in clinical practice will have a
dramatic impact. What is required is a concerted effort
including the identification of patients at risk for massive
blood loss, POC evaluation of medically manageable
bleeding, and cost effective blood conservation strategies
designed specifically for each patient. The beneficiaries
of our efforts will be the transplant recipients in pro
longed disease free survival and our health care systems
in reduce cost per patient by both reducing blood
product utilization and hospital length of stay.

16

17
18

19

REFERENCES
1

2
3
4

5

6

7

8
9
10

11

12

13

Merrill JP, Murray JE, Harrison JH, Guild WR. Successful
homotransplantation of the human kidney between identical twins.
J Am Med Assoc 1956; 160: 277-282 [PMID: 13278189 DOI:
10.1001/jama.1956.02960390027008]
Calne RY. Surgical aspects of clinical liver transplantation in
14 cases. Br J Surg 1969; 56: 729-736 [PMID: 4899842 DOI:
10.1002/bjs.1800561009]
Starzl TE, Marchioro TL, Vonkaulla KN, Hermann G, Brittain RS,
Waddell WR. Homotransplantation of the liver in humans. Surg
Gynecol Obstet 1963; 117: 659-676 [PMID: 14100514]
Starzl TE, Iwatsuki S, Van Thiel DH, Gartner JC, Zitelli BJ,
Malatack JJ, Schade RR, Shaw BW, Hakala TR, Rosenthal JT,
Porter KA. Evolution of liver transplantation. Hepatology 2007; 2:
614-636 [PMID: 6749635 DOI: 10.1002/hep.1840020516]
Song AT, Avelino-Silva VI, Pecora RA, Pugliese V, D’Albuquer
que LA, Abdala E. Liver transplantation: fifty years of experience.
World J Gastroenterol 2014; 20: 5363-5374 [PMID: 24833866
DOI: 10.3748/wjg.v20.i18.5363]
Calne RY, White DJ, Rolles K, Smith DP, Herbertson BM.
Prolonged survival of pig orthotopic heart grafts treated with cyclo
sporin A. Lancet 1978; 1: 1183-1185 [PMID: 77948 DOI: 10.1016/
S0140-6736(78)90971-6]
Macdougall BR, Calne RY, McMaster P, Williams R. Survival and
rehabilitation after orthotopic liver transplantation. Lancet 1980; 1:
1326-1328 [PMID: 6104130 DOI: 10.1016/S0140-6736(80)917857]
Scharschmidt BF. Human liver transplantation: analysis of data
on 540 patients from four centers. Hepatology 1984; 4: 95S-101S
[PMID: 6363266 DOI: 10.1002/hep.1840040723]
Butler P, Israel L, Nusbacher J, Jenkins DE, Starzl TE. Blood
transfusion in liver transplantation. Transfusion 1985; 25: 120-123
[PMID: 3885484 DOI: 10.1046/j.1537-2995.1985.25285169201.x]
Lewis JH, Bontempo FA, Cornell F, Kiss JE, Larson P, Ragni MV,
Rice EO, Spero JA, Starzl TE. Blood use in liver transplantation.
Transfusion 1987; 27: 222-225 [PMID: 3296340 DOI: 10.1046/
j.1537-2995.1987.27387235624.x]
Farrar RP, Hanto DW, Flye MW, Chaplin H. Blood component
use in orthotopic liver transplantation. Transfusion 1988; 28:
474-478 [PMID: 3047921 DOI: 10.1046/j.1537-2995.1988.285883
37341.x]
Danielson CF, Filo RS, O’Donnell JA, McCarthy LJ. Institutional
variation in hemotherapy for solid organ transplantation. Trans
fusion 1996; 36: 263-267 [PMID: 8604514 DOI: 10.1046/j.1537-2
995.1996.36396182147.x]
Kim WR, Lake JR, Smith JM, Skeans MA, Schladt DP, Edwards
EB, Harper AM, Wainright JL, Snyder JJ, Israni AK, Kasiske BL.
OPTN/SRTR 2013 Annual Data Report: liver. Am J Transplant

WJT|www.wjgnet.com

20

21
22

23

24

25

26

27

28

29

300

2015; 15 Suppl 2: 1-28 [PMID: 25626341 DOI: 10.1111/ajt.13197]
Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J, ter
Borg PC. A model to predict poor survival in patients undergoing
transjugular intrahepatic portosystemic shunts. Hepatology 2000;
31: 864-871 [PMID: 10733541 DOI: 10.1053/he.2000.5852]
Freeman RB, Wiesner RH, Harper A, McDiarmid SV, Lake J,
Edwards E, Merion R, Wolfe R, Turcotte J, Teperman L. The
new liver allocation system: moving toward evidence-based
transplantation policy. Liver Transpl 2002; 8: 851-858 [PMID:
12200791 DOI: 10.1053/jlts.2002.35927]
Wiesner R, Edwards E, Freeman R, Harper A, Kim R, Kamath P,
Kremers W, Lake J, Howard T, Merion RM, Wolfe RA, Krom R.
Model for end-stage liver disease (MELD) and allocation of donor
livers. Gastroenterology 2003; 124: 91-96 [PMID: 12512033 DOI:
10.1053/gast.2003.50016]
Ozier Y, Tsou MY. Changing trends in transfusion practice in liver
transplantation. Curr Opin Organ Transplant 2008; 13: 304-309
[PMID: 18685322 DOI: 10.1097/MOT.0b013e3282faa0dd]
Porte RJ, Hendriks HG, Slooff MJ. Blood conservation in
liver transplantation: The role of aprotinin. J Cardiothorac Vasc
Anesth 2004; 18: 31S-37S [PMID: 15368204 DOI: 10.1053/j.
jvca.2004.05.004]
Ramos HC, Todo S, Kang Y, Felekouras E, Doyle HR, Starzl TE.
Liver transplantation without the use of blood products. Arch Surg
1994; 129: 528-532; discussion 532-533 [PMID: 8185476 DOI:
10.1001/archsurg.1994.01420290074011]
Massicotte L, Thibeault L, Roy A. Classical Notions of Coagulation
Revisited in Relation with Blood Losses, Transfusion Rate for 700
Consecutive Liver Transplantations. Semin Thromb Hemost 2015;
41: 538-546 [PMID: 26080304 DOI: 10.1055/s-0035-1550428]
Stoye A, Chapin JW, Botha J, Grant W. Bloodless liver trans
plantation in a Jehovah’s Witness. Int Anesthesiol Clin 2011; 49:
108-115 [PMID: 21441809 DOI: 10.1097/AIA.0b013e3181fa1482]
Jabbour N, Gagandeep S, Shah H, Mateo R, Stapfer M, Genyk
Y, Sher L, Zwierzchoniewska M, Selby R, Zeger G. Impact of
a transfusion-free program on non-Jehovah’s Witness patients
undergoing liver transplantation. Arch Surg 2006; 141: 913-917
[PMID: 17001788 DOI: 10.1001/archsurg.141.9.913]
Cacciarelli TV, Keeffe EB, Moore DH, Burns W, Chuljian P,
Busque S, Concepcion W, So SK, Esquivel CO. Primary liver
transplantation without transfusion of red blood cells. Surgery
1996; 120: 698-704; discussion 704-705 [PMID: 8862380 DOI:
10.1016/S0039-6060(96)80019-5]
Ozier Y, Pessione F, Samain E, Courtois F. Institutional variability
in transfusion practice for liver transplantation. Anesth Analg
2003; 97: 671-679 [PMID: 12933381 DOI: 10.1213/01.ANE.0
000073354.38695.7C]
Cywinski JB, You J, Argalious M, Irefin S, Parker BM, Fung JJ,
Koch CG. Transfusion of older red blood cells is associated with
decreased graft survival after orthotopic liver transplantation. Liver
Transpl 2013; 19: 1181-1188 [PMID: 23813754 DOI: 10.1002/
lt.23695]
Chung HS, Jung DH, Park CS. Intraoperative predictors of shortterm mortality in living donor liver transplantation due to acute
liver failure. Transplant Proc 2013; 45: 236-240 [PMID: 23375307
DOI: 10.1016/j.transproceed.2012.06.077]
Ozkardesler S, Avkan-Oguz V, Akan M, Unek T, Ozbilgin M,
Meseri R, Cimen M, Karademir S. Effects of blood products on
nosocomial infections in liver transplant recipients. Exp Clin
Transplant 2013; 11: 530-536 [PMID: 23901878 DOI: 10.6002/
ect.2012.0286]
Rana A, Petrowsky H, Hong JC, Agopian VG, Kaldas FM, Farmer
D, Yersiz H, Hiatt JR, Busuttil RW. Blood transfusion requirement
during liver transplantation is an important risk factor for mortality.
J Am Coll Surg 2013; 216: 902-907 [PMID: 23478547 DOI:
10.1016/j.jamcollsurg.2012.12.047]
Reichert B, Kaltenborn A, Becker T, Schiffer M, Klempnauer J,
Schrem H. Massive blood transfusion after the first cut in liver
transplantation predicts renal outcome and survival. Langenbecks
Arch Surg 2014; 399: 429-440 [PMID: 24682384 DOI: 10.1007/

June 24, 2016|Volume 6|Issue 2|

Cleland S et al . Massive haemorrhage in liver transplantation

30

31

32
33
34
35

36

37

38

39

40

41

42

43

44

45

s00423-014-1181-y]
Feltracco P, Brezzi M, Barbieri S, Galligioni H, Milevoj M,
Carollo C, Ori C. Blood loss, predictors of bleeding, transfusion
practice and strategies of blood cell salvaging during liver trans
plantation. World J Hepatol 2013; 5: 1-15 [PMID: 23383361 DOI:
10.4254/wjh.v5.i1.1]
Pandey CK, Singh A, Kajal K, Dhankhar M, Tandon M, Pandey
VK, Karna ST. Intraoperative blood loss in orthotopic liver
transplantation: The predictive factors. World J Gastrointest Surg
2015; 7: 86-93 [PMID: 26131330 DOI: 10.4240/wjgs.v7.i6.86]
Donohue CI, Mallett SV. Reducing transfusion requirements in
liver transplantation. World J Transplant 2015; 5: 165-182 [PMID:
26722645 DOI: 10.5500/wjt.v5.i4.165]
Clevenger B, Mallett SV. Transfusion and coagulation manage
ment in liver transplantation. World J Gastroenterol 2014; 20:
6146-6158 [PMID: 24876736 DOI: 10.3748/wjg.v20.i20.6146]
Stainsby D, MacLennan S, Hamilton PJ. Management of massive
blood loss: a template guideline. Br J Anaesth 2000; 85: 487-491
[PMID: 11103199 DOI: 10.1093/bja/85.3.487]
Rahbar E, Fox EE, del Junco DJ, Harvin JA, Holcomb JB, Wade
CE, Schreiber MA, Rahbar MH, Bulger EM, Phelan HA, Brasel
KJ, Alarcon LH, Myers JG, Cohen MJ, Muskat P, Cotton BA.
Early resuscitation intensity as a surrogate for bleeding severity
and early mortality in the PROMMTT study. J Trauma Acute
Care Surg 2013; 75: S16-S23 [PMID: 23778506 DOI: 10.1097/
TA.0b013e31828fa535]
Rahbar MH, del Junco DJ, Huang H, Ning J, Fox EE, Zhang
X, Schreiber MA, Brasel KJ, Bulger EM, Wade CE, Cotton
BA, Phelan HA, Cohen MJ, Myers JG, Alarcon LH, Muskat P,
Holcomb JB. A latent class model for defining severe hemorrhage:
experience from the PROMMTT study. J Trauma Acute Care Surg
2013; 75: S82-S88 [PMID: 23778516 DOI: 10.1097/TA.0b013e31
828fa3d3]
Holcomb JB, Fox EE, Wade CE. The PRospective Observational
Multicenter Major Trauma Transfusion (PROMMTT) study. J
Trauma Acute Care Surg 2013; 75: S1-S2 [PMID: 23778505 DOI:
10.1097/TA.0b013e3182983876]
Hayter MA, Pavenski K, Baker J. Massive transfusion in the
trauma patient: Continuing Professional Development. Can J
Anaesth 2012; 59: 1130-1145 [PMID: 23076727 DOI: 10.1007/
s12630-012-9795-4]
Mitra B, Olaussen A, Cameron PA, O’Donohoe T, Fitzgerald M.
Massive blood transfusions post trauma in the elderly compared to
younger patients. Injury 2014; 45: 1296-1300 [PMID: 24560872
DOI: 10.1016/j.injury.2014.01.016]
Hunt BJ, Allard S, Keeling D, Norfolk D, Stanworth SJ, Pendry
K. A practical guideline for the haematological management of
major haemorrhage. Br J Haematol 2015; 170: 788-803 [PMID:
26147359 DOI: 10.1111/bjh.13580]
Royal College of Obstetricians and Gynaecologists (RCOG).
Prevention and Management of Post-Partum Haemorrhage. Green
Top Guidel 52. 2011: 1-24. Available from: URL: http://www.rcog.
org.uk/files/rcog-corp/GT52PostpartumHaemorrhage0411.pdf
McCluskey SA, Karkouti K, Wijeysundera DN, Kakizawa K,
Ghannam M, Hamdy A, Grant D, Levy G. Derivation of a risk
index for the prediction of massive blood transfusion in liver
transplantation. Liver Transpl 2006; 12: 1584-1593 [PMID:
16952177 DOI: 10.1002/lt.20868]
Esmat Gamil M, Pirenne J, Van Malenstein H, Verhaegen M,
Desschans B, Monbaliu D, Aerts R, Laleman W, Cassiman D,
Verslype C, Van Steenbergen W, Van Pelt J, Nevens F. Risk factors
for bleeding and clinical implications in patients undergoing liver
transplantation. Transplant Proc 2012; 44: 2857-2860 [PMID:
23146542 DOI: 10.1016/j.transproceed.2012.09.085]
Ramos E, Dalmau A, Sabate A, Lama C, Llado L, Figueras J,
Jaurrieta E. Intraoperative red blood cell transfusion in liver
transplantation: influence on patient outcome, prediction of
requirements, and measures to reduce them. Liver Transpl 2003; 9:
1320-1327 [PMID: 14625833 DOI: 10.1016/jlts.2003.50204]
Starr SP, Raines D. Cirrhosis: diagnosis, management, and

WJT|www.wjgnet.com

46

47
48

49

50
51
52

53

54

55
56
57

58

59

60

61

301

prevention. Am Fam Physician 2011; 84: 1353-1359 [PMID:
22230269]
García-Pagán JC, Gracia-Sancho J, Bosch J. Functional aspects
on the pathophysiology of portal hypertension in cirrhosis. J
Hepatol 2012; 57: 458-461 [PMID: 22504334 DOI: 10.1016/j.
jhep.2012.03.007]
Tripodi A, Mannucci PM. The coagulopathy of chronic liver
disease. N Engl J Med 2011; 365: 147-156 [PMID: 21751907 DOI:
10.1056/NEJMra1011170]
Townsend JC, Heard R, Powers ER, Reuben A. Usefulness of
international normalized ratio to predict bleeding complications
in patients with end-stage liver disease who undergo cardiac
catheterization. Am J Cardiol 2012; 110: 1062-1065 [PMID:
22728001 DOI: 10.1016/j.amjcard.2012.05.043]
Perdigão JP, de Almeida PC, Rocha TD, Mota MR, Soares EC,
Alves AP, Sousa FB. Postoperative bleeding after dental extraction
in liver pretransplant patients. J Oral Maxillofac Surg 2012; 70:
e177-e184 [PMID: 22374059 DOI: 10.1016/j.joms.2011.10.033]
Hoffman M. Coagulation in Liver Disease. Semin Thromb
Hemost 2015; 41: 447-454 [PMID: 26049068 DOI: 10.1055/
s-0035-1550435]
Lisman T, Stravitz RT. Rebalanced Hemostasis in Patients with
Acute Liver Failure. Semin Thromb Hemost 2015; 41: 468-473
[PMID: 26049071 DOI: 10.1055/s-0035-1550430]
Kravetz D, Sikuler E, Groszmann RJ. Splanchnic and systemic
hemodynamics in portal hypertensive rats during hemorrhage and
blood volume restitution. Gastroenterology 1986; 90: 1232-1240
[PMID: 3956942]
Castañeda B, Morales J, Lionetti R, Moitinho E, Andreu V,
Pérez-Del-Pulgar S, Pizcueta P, Rodés J, Bosch J. Effects of blood
volume restitution following a portal hypertensive-related bleeding
in anesthetized cirrhotic rats. Hepatology 2001; 33: 821-825
[PMID: 11283845 DOI: 10.1053/jhep.2001.23437]
Villanueva C, Colomo A, Bosch A, Concepción M, HernandezGea V, Aracil C, Graupera I, Poca M, Alvarez-Urturi C, Gordillo
J, Guarner-Argente C, Santaló M, Muñiz E, Guarner C. Trans
fusion strategies for acute upper gastrointestinal bleeding. N
Engl J Med 2013; 368: 11-21 [PMID: 23281973 DOI: 10.1056/
NEJMoa1211801]
Groenland TH, Porte RJ, Metselaar HJ. Liver transplantation and
risk of bleeding. Curr Opin Organ Transplant 2007; 12: 287-293
[DOI: 10.1097/MOT.0b013e32814e6bb0]
Kong HY, Huang SQ, Zhu SM, Wen XH. Role of anhepatic time
in endothelial-related coagulation in liver transplantation. Minerva
Anestesiol 2013; 79: 391-397 [PMID: 23419336]
de Boer MT, Molenaar IQ, Hendriks HG, Slooff MJ, Porte RJ.
Minimizing blood loss in liver transplantation: progress through
research and evolution of techniques. Dig Surg 2005; 22: 265-275
[PMID: 16174983 DOI: 10.1159/000088056]
Pereboom IT, de Boer MT, Haagsma EB, Hendriks HG, Lisman
T, Porte RJ. Platelet transfusion during liver transplantation is
associated with increased postoperative mortality due to acute lung
injury. Anesth Analg 2009; 108: 1083-1091 [PMID: 19299765
DOI: 10.1213/ane.0b013e3181948a59]
de Boer MT, Christensen MC, Asmussen M, van der Hilst CS,
Hendriks HG, Slooff MJ, Porte RJ. The impact of intraoperative
transfusion of platelets and red blood cells on survival after liver
transplantation. Anesth Analg 2008; 106: 32-44, table of contents
[PMID: 18165548 DOI: 10.1213/01.ane.0000289638.26666.ed]
Li C, Mi K, Wen TF, Yan LN, Li B, Wei YG, Yang JY, Xu MQ,
Wang WT. Risk factors and outcomes of massive red blood cell
transfusion following living donor liver transplantation. J Dig Dis
2012; 13: 161-167 [PMID: 22356311 DOI: 10.1111/j.1751-2980.2
011.00570.x]
Freire MP, Soares Oshiro IC, Bonazzi PR, Guimarães T, Ramos
Figueira ER, Bacchella T, Costa SF, Carneiro D’Albuquerque LA,
Abdala E. Surgical site infections in liver transplant recipients
in the model for end-stage liver disease era: an analysis of the
epidemiology, risk factors, and outcomes. Liver Transpl 2013; 19:
1011-1019 [PMID: 23744748 DOI: 10.1002/lt.23682]

June 24, 2016|Volume 6|Issue 2|

Cleland S et al . Massive haemorrhage in liver transplantation
62

63

64

65

66

67

68
69

70

71

72

73

74

75

76

Hendriks HG, van der Meer J, de Wolf JT, Peeters PM, Porte
RJ, de Jong K, Lip H, Post WJ, Slooff MJ. Intraoperative
blood transfusion requirement is the main determinant of early
surgical re-intervention after orthotopic liver transplantation.
Transpl Int 2005; 17: 673-679 [PMID: 15717214 DOI: 10.1007/
s00147-004-0793-5]
Motschman TL, Taswell HF, Brecher ME, Rakela J, Grambsch
PM, Larson-Keller JJ, Rettke SR, Krom RA. Intraoperative
blood loss and patient and graft survival in orthotopic liver trans
plantation: their relationship to clinical and laboratory data. Mayo
Clin Proc 1989; 64: 346-355 [PMID: 2539541 DOI: 10.1016/S002
5-6196(12)65256-2]
Deakin M, Gunson BK, Dunn JA, McMaster P, Tisone G,
Warwick J, Buckels JA. Factors influencing blood transfusion
during adult liver transplantation. Ann R Coll Surg Engl 1993; 75:
339-344 [PMID: 8215151]
Findlay JY, Rettke SR. Poor prediction of blood transfusion
requirements in adult liver transplantations from preoperative
variables. J Clin Anesth 2000; 12: 319-323 [PMID: 10960206 DOI:
10.1097/00132586-200104000-00049]
Steib A, Freys G, Lehmann C, Meyer C, Mahoudeau G. Intrao
perative blood losses and transfusion requirements during adult
liver transplantation remain difficult to predict. Can J Anaesth 2001;
48: 1075-1079 [PMID: 11744582 DOI: 10.1007/BF03020372]
Pirat A, Sargin D, Torgay A, Arslan G. Identification of preo
perative predictors of intraoperative blood transfusion requirement
in orthotopic liver transplantation. Transplant Proc 2002; 34:
2153-2155 [PMID: 12270349 DOI: 10.1016/s0041-1345(02)02887
-7]
Massicotte L, Sassine MP, Lenis S, Roy A. Transfusion predictors in
liver transplant. Anesth Analg 2004; 98: 1245-1251, table of contents
[PMID: 15105195 DOI: 10.1213/01.ANE.0000111184.21278.07]
Yuasa T, Niwa N, Kimura S, Tsuji H, Yurugi K, Egawa H, Tanaka
K, Asano H, Maekawa T. Intraoperative blood loss during living
donor liver transplantation: an analysis of 635 recipients at a single
center. Transfusion 2005; 45: 879-884 [PMID: 15934985 DOI:
10.1111/j.1537-2995.2005.04330.x]
Mangus RS, Kinsella SB, Nobari MM, Fridell JA, Vianna RM,
Ward ES, Nobari R, Tector AJ. Predictors of blood product use in
orthotopic liver transplantation using the piggyback hepatectomy
technique. Transplant Proc 2007; 39: 3207-3213 [PMID: 18089355
DOI: 10.1016/j.transproceed.2007.09.029]
Massicotte L, Beaulieu D, Roy JD, Marleau D, Vandenbroucke F,
Dagenais M, Lapointe R, Roy A. MELD score and blood product
requirements during liver transplantation: no link. Transplantation
2009; 87: 1689-1694 [PMID: 19502961 DOI: 10.1097/TP.0b013e3
181a5e5f1]
Araújo T, Cordeiro A, Proença P, Perdigoto R, Martins A,
Barroso E. Predictive variables affecting transfusion requirements
in orthotopic liver transplantation. Transplant Proc 2010; 42:
1758-1759 [PMID: 20620517 DOI: 10.1016/j.transproceed.2009.1
0.007]
Bang SR, Ahn HJ, Kim GS, Yang M, Gwak MS, Ko JS, Kim
SH, Lee SK. Predictors of high intraoperative blood loss derived
by simple and objective method in adult living donor liver
transplantation. Transplant Proc 2010; 42: 4148-4150 [PMID:
21168648 DOI: 10.1016/j.transproceed.2010.10.017]
Roullet S, Biais M, Millas E, Revel P, Quinart A, Sztark F.
Risk factors for bleeding and transfusion during orthotopic liver
transplantation. Ann Fr Anesth Reanim 2011; 30: 349-352 [PMID:
21353450 DOI: 10.1016/j.annfar.2011.01.008]
Wu SC, Chen CL, Wang CH, Huang CJ, Cheng KW, Shih TH,
Yang JC, Jawan B. Predictive factors associated with re-exploration
for hemostasis in living donor liver transplantation. Ann Transplant
2012; 17: 64-71 [PMID: 23274326 DOI: 10.12659/aot.883696]
Varotti G, Santori G, Andorno E, Morelli N, Ertreo M, Strada P,
Porcile E, Casaccia M, Centanaro M, Valente U. Impact of Model
for End-Stage Liver Disease score on transfusion rates in liver
transplantation. Transplant Proc 2013; 45: 2684-2688 [PMID:
24034024 DOI: 10.1016/j.transproceed.2013.07.006]

WJT|www.wjgnet.com

77

78

79

80

81

82

83

84

85

86

87

88

89
90

91

92

302

Abstracts of the ILTS (International Liver Transplantation Society)
19th Annual International Congress. June 11-14, 2013. Liver
Transpl 2013; 19 Suppl 1: S86-334 [PMID: 23716446 DOI:
10.1002/lt.23661]
De Santis GC, Brunetta DM, Nardo M, Oliveira LC, Souza FF,
Cagnolati D, Mente ÊD, Sankarankutty AK, Covas DT, de Castro e
Silva O. Preoperative variables associated with transfusion require
ments in orthotopic liver transplantation. Transfus Apher Sci 2014;
50: 99-105 [PMID: 24291115 DOI: 10.1016/j.transci.2013.10.006]
Cywinski JB, Alster JM, Miller C, Vogt DP, Parker BM. Prediction
of intraoperative transfusion requirements during orthotopic liver
transplantation and the influence on postoperative patient survival.
Anesth Analg 2014; 118: 428-437 [PMID: 24445640 DOI:
10.1213/ANE.0b013e3182a76f19]
Tao YF, Teng F, Wang ZX, Guo WY, Shi XM, Wang GH, Ding
GS, Fu ZR. Liver transplant recipients with portal vein thrombosis:
a single center retrospective study. Hepatobiliary Pancreat Dis Int
2009; 8: 34-39 [PMID: 19208512]
Segal H, Cottam S, Potter D, Hunt BJ. Coagulation and fibrinolysis
in primary biliary cirrhosis compared with other liver disease
and during orthotopic liver transplantation. Hepatology 1997; 25:
683-688 [PMID: 9049219 DOI: 10.1002/hep.510250332]
Suarez Artacho G, Barrera Pulido L, Alamo Martinez JM, Serrano
Diez-Canedo J, Bernal Bellido C, Marín Gomez LM, Padillo Ruiz J,
Gómez Bravo MA. Outcomes of liver transplantation in candidates
with portal vein thrombosis. Transplant Proc 2010; 42: 3156-3158
[PMID: 20970634 DOI: 10.1016/j.transproceed.2010.05.057]
Feng ZY, Jin XD, Chen YZ. [Predictors of massive blood
transfusion in liver transplantation for patients with benign endstage liver disease]. Zhonghua YiXue ZaZhi 2008; 88: 3040-3044
[PMID: 19192401]
Escoresca Ortega AM, Mogollón Jiménez MV, Hinojosa Pérez
R, Ferrándiz Millón CM, Salgado Algarrada JC, Herruzo Avilés A,
Porras López FM, Perez Bernal JB, Gómez Bravo MA. Application
of the McCluskey Index to predict blood product requirements
during liver transplantation. Transplant Proc 2008; 40: 2981-2982
[PMID: 19010166 DOI: 10.1016/j.transproceed.2008.08.091]
Gurusamy KS, Pamecha V, Davidson BR. Piggy-back graft for
liver transplantation. Cochrane Database Syst Rev 2011; (1):
CD008258 [PMID: 21249703 DOI: 10.1002/14651858.CD008258.
pub2]
Nishida S, Nakamura N, Vaidya A, Levi DM, Kato T, Nery JR,
Madariaga JR, Molina E, Ruiz P, Gyamfi A, Tzakis AG. Piggyback
technique in adult orthotopic liver transplantation: an analysis of
1067 liver transplants at a single center. HPB (Oxford) 2006; 8:
182-188 [PMID: 18333273 DOI: 10.1080/13651820500542135]
Busque S, Esquivel CO, Concepcion W, So SK. Experience
with the piggyback technique without caval occlusion in adult
orthotopic liver transplantation. Transplantation 1998; 65: 77-82
[PMID: 9448148 DOI: 10.1097/00007890-199801150-00015]
Hosein Shokouh-Amiri M, Osama Gaber A, Bagous WA, Grewal
HP, Hathaway DK, Vera SR, Stratta RJ, Bagous TN, Kizilisik T.
Choice of surgical technique influences perioperative outcomes
in liver transplantation. Ann Surg 2000; 231: 814-823 [PMID:
10816624 DOI: 10.1097/00000658-200006000-00005]
Fan ST, Yong BH, Lo CM, Liu CL, Wong J. Right lobe living
donor liver transplantation with or without venovenous bypass. Br
J Surg 2003; 90: 48-56 [PMID: 12520574 DOI: 10.1002/bjs.4026]
Riha GM, Schreiber MA. Update and new developments in the
management of the exsanguinating patient. J Intensive Care Med
2013; 28: 46-57 [PMID: 21747123 DOI: 10.1177/0885066611403
273]
American Society of Anesthesiologists Task Force on Perio
perative Blood Transfusion and Adjuvant Therapies. Practice
guidelines for perioperative blood transfusion and adjuvant
therapies: an updated report by the American Society of
Anesthesiologists Task Force on Perioperative Blood Transfusion
and Adjuvant Therapies. Anesthesiology 2006; 105: 198-208
[PMID: 16810012 DOI: 10.1097/00000542-200607000-00030]
MacLeod JB, Lynn M, McKenney MG, Cohn SM, Murtha M.

June 24, 2016|Volume 6|Issue 2|

Cleland S et al . Massive haemorrhage in liver transplantation

93
94

95

96

97

98

99

100

101

102
103

104

105

106

Early coagulopathy predicts mortality in trauma. J Trauma 2003; 55:
39-44 [PMID: 12855879 DOI: 10.1097/01.TA.0000075338.21177.
EF]
Brohi K, Singh J, Heron M, Coats T. Acute traumatic coagu
lopathy. J Trauma 2003; 54: 1127-1130 [PMID: 12813333 DOI:
10.1097/01.TA.0000069184.82147.06]
Oshiro A, Yanagida Y, Gando S, Henzan N, Takahashi I, Makise
H. Hemostasis during the early stages of trauma: comparison with
disseminated intravascular coagulation. Crit Care 2014; 18: R61
[PMID: 24708802 DOI: 10.1186/cc13816]
Gando S, Hayakawa M. Pathophysiology of Trauma-Induced
Coagulopathy and Management of Critical Bleeding Requiring
Massive Transfusion. Semin Thromb Hemost 2016; 42: 155-165
[PMID: 26716498 DOI: 10.1055/s-0035-1564831]
Hartmann M, Szalai C, Saner FH. Hemostasis in liver trans
plantation: Pathophysiology, monitoring, and treatment. World
J Gastroenterol 2016; 22: 1541-1550 [PMID: 26819521 DOI:
10.3748/wjg.v22.i4.1541]
Johansson PI, Stensballe J, Rasmussen LS, Ostrowski SR. A high
admission syndecan-1 level, a marker of endothelial glycocalyx
degradation, is associated with inflammation, protein C depletion,
fibrinolysis, and increased mortality in trauma patients. Ann Surg
2011; 254: 194-200 [PMID: 21772125 DOI: 10.1097/SLA.0b013e
318226113d]
Schiefer J, Lebherz-Eichinger D, Erdoes G, Berlakovich G, Bacher
A, Krenn CG, Faybik P. Alterations of Endothelial Glycocalyx
During Orthotopic Liver Transplantation in Patients With EndStage Liver Disease. Transplantation 2015; 99: 2118-2123 [PMID:
25757215 DOI: 10.1097/TP.0000000000000680]
Cap AP, Spinella PC, Borgman MA, Blackbourne LH, Perkins JG.
Timing and location of blood product transfusion and outcomes
in massively transfused combat casualties. J Trauma Acute
Care Surg 2012; 73: S89-S94 [PMID: 22847102 DOI: 10.1097/
TA.0b013e318260625a]
Kutcher ME, Kornblith LZ, Narayan R, Curd V, Daley AT, Redick
BJ, Nelson MF, Fiebig EW, Cohen MJ. A paradigm shift in trauma
resuscitation: evaluation of evolving massive transfusion practices.
JAMA Surg 2013; 148: 834-840 [PMID: 23864019 DOI: 10.1001/
jamasurg.2013.2911]
Ball CG, Dente CJ, Shaz B, Wyrzykowski AD, Nicholas JM,
Kirkpatrick AW, Feliciano DV. The impact of a massive transfusion
protocol (1:1:1) on major hepatic injuries: does it increase
abdominal wall closure rates? Can J Surg 2013; 56: E128-E134
[PMID: 24067528 DOI: 10.1503/cjs.020412]
Schorn MN, Phillippi JC. Volume replacement following severe
postpartum hemorrhage. J Midwifery Womens Health 2014; 59:
336-343 [PMID: 24751109 DOI: 10.1111/jmwh.12186]
Gutierrez MC, Goodnough LT, Druzin M, Butwick AJ. Postpartum
hemorrhage treated with a massive transfusion protocol at a tertiary
obstetric center: a retrospective study. Int J Obstet Anesth 2012; 21:
230-235 [PMID: 22647592 DOI: 10.1016/j.ijoa.2012.03.005]
Dzik WH, Blajchman MA, Fergusson D, Hameed M, Henry B,
Kirkpatrick AW, Korogyi T, Logsetty S, Skeate RC, Stanworth S,
MacAdams C, Muirhead B. Clinical review: Canadian National
Advisory Committee on Blood and Blood Products--Massive
transfusion consensus conference 2011: report of the panel. Crit
Care 2011; 15: 242 [PMID: 22188866 DOI: 10.1186/cc10498]
Holcomb JB, del Junco DJ, Fox EE, Wade CE, Cohen MJ,
Schreiber MA, Alarcon LH, Bai Y, Brasel KJ, Bulger EM, Cotton
BA, Matijevic N, Muskat P, Myers JG, Phelan HA, White CE,
Zhang J, Rahbar MH. The prospective, observational, multicenter,
major trauma transfusion (PROMMTT) study: comparative effec
tiveness of a time-varying treatment with competing risks. JAMA
Surg 2013; 148: 127-136 [PMID: 23560283 DOI: 10.1001/2013.
jamasurg.387]
del Junco DJ, Holcomb JB, Fox EE, Brasel KJ, Phelan HA, Bulger
EM, Schreiber MA, Muskat P, Alarcon LH, Cohen MJ, Cotton
BA, Wade CE, Myers JG, Rahbar MH. Resuscitate early with
plasma and platelets or balance blood products gradually: findings
from the PROMMTT study. J Trauma Acute Care Surg 2013; 75:

WJT|www.wjgnet.com

S24-S30 [PMID: 23778507 DOI: 10.1097/TA.0b013e31828fa3b9]
107 Holcomb JB, Tilley BC, Baraniuk S, Fox EE, Wade CE,
Podbielski JM, del Junco DJ, Brasel KJ, Bulger EM, Callcut RA,
Cohen MJ, Cotton BA, Fabian TC, Inaba K, Kerby JD, Muskat
P, O’Keeffe T, Rizoli S, Robinson BR, Scalea TM, Schreiber
MA, Stein DM, Weinberg JA, Callum JL, Hess JR, Matijevic N,
Miller CN, Pittet JF, Hoyt DB, Pearson GD, Leroux B, van Belle
G. Transfusion of plasma, platelets, and red blood cells in a 1: 1:
1 vs a 1: 1: 2 ratio and mortality in patients with severe trauma:
the PROPPR randomized clinical trial. JAMA 2015; 313: 471-482
[PMID: 25647203 DOI: 10.1001/jama.2015.12]
108 Tapia NM, Chang A, Norman M, Welsh F, Scott B, Wall MJ,
Mattox KL, Suliburk J. TEG-guided resuscitation is superior
to standardized MTP resuscitation in massively transfused
penetrating trauma patients. J Trauma Acute Care Surg 2013; 74:
378-385; discussion 385-386 [PMID: 23354228 DOI: 10.1097/
TA.0b013e31827e20e0]
109 Karkouti K, McCluskey SA, Callum J, Freedman J, Selby R,
Timoumi T, Roy D, Rao V. Evaluation of a novel transfusion
algorithm employing point-of-care coagulation assays in cardiac
surgery: a retrospective cohort study with interrupted time-series
analysis. Anesthesiology 2015; 122: 560-570 [PMID: 25485470
DOI: 10.1097/ALN.0000000000000556]
110 Johansson PI, Stensballe J, Oliveri R, Wade CE, Ostrowski SR,
Holcomb JB. How I treat patients with massive hemorrhage. Blood
2014; 124: 3052-3058 [PMID: 25293771 DOI: 10.1182/blood-201
4-05-575340]
111 Johansson PI, Sørensen AM, Larsen CF, Windeløv NA, Stensballe
J, Perner A, Rasmussen LS, Ostrowski SR. Low hemorrhagerelated mortality in trauma patients in a Level I trauma center
employing transfusion packages and early thromboelastographydirected hemostatic resuscitation with plasma and platelets.
Transfusion 2013; 53: 3088-3099 [PMID: 23614333 DOI: 10.1111/
trf.12214]
112 Durila M, Malošek M. Rotational thromboelastometry along with
thromboelastography plays a critical role in the management of
traumatic bleeding. Am J Emerg Med 2014; 32: 288.e1-288.e3
[PMID: 24286666 DOI: 10.1016/j.ajem.2013.09.038]
113 Schroeder RA, Collins BH, Tuttle-Newhall E, Robertson K,
Plotkin J, Johnson LB, Kuo PC. Intraoperative fluid management
during orthotopic liver transplantation. J Cardiothorac Vasc
Anesth 2004; 18: 438-441 [PMID: 15365923 DOI: 10.1053/j.
jvca.2004.05.020]
114 Marik PE, Cavallazzi R. Does the central venous pressure predict
fluid responsiveness? An updated meta-analysis and a plea for
some common sense. Crit Care Med 2013; 41: 1774-1781 [PMID:
23774337 DOI: 10.1097/CCM.0b013e31828a25fd]
115 Marik PE, Monnet X, Teboul JL. Hemodynamic parameters
to guide fluid therapy. Ann Intensive Care 2011; 1: 1 [PMID:
21906322 DOI: 10.1186/2110-5820-1-1]
116 Su BC, Tsai YF, Cheng CW, Yu HP, Yang MW, Lee WC, Lin
CC. Stroke volume variation derived by arterial pulse contour
analysis is a good indicator for preload estimation during liver
transplantation. Transplant Proc 2012; 44: 429-432 [PMID:
22410035 DOI: 10.1016/j.transproceed.2011.12.037]
117 Gouvêa G, Diaz R, Auler L, Toledo R, Martinho JM. Evaluation
of the pulse pressure variation index as a predictor of fluid res
ponsiveness during orthotopic liver transplantation. Br J Anaesth
2009; 103: 238-243 [PMID: 19454548 DOI: 10.1093/bja/aep123]
118 Vitin AA, Martay K, Vater Y, Dembo G, Maziarz M. Effects of
Vasoactive Agents on Blood Loss and Transfusion Requirements
During Pre-Reperfusion Stages of the Orthotopic Liver Transplan
tation. J Anesth Clin Res 2010; 1: 104 [DOI: 10.4172/2155-6148.1
000104]
119 Sahmeddini MA, Amini A, Naderi N. The effect of octreotide
on urine output during orthotopic liver transplantation and early
postoperative renal function; a randomized, double-blind, placebocontrolled trial. Hepat Mon 2013; 13: e12787 [PMID: 24282425
DOI: 10.5812/hepatmon.12787]
120 Hong SH, Park CS, Jung HS, Choi H, Lee SR, Lee J, Choi JH.

303

June 24, 2016|Volume 6|Issue 2|

Cleland S et al . Massive haemorrhage in liver transplantation

121

122

123

124

125

126

127

128

129

130

131

132

133

A comparison of intra-operative blood loss and acid-base balance
between vasopressor and inotrope strategy during living donor liver
transplantation: a randomised, controlled study. Anaesthesia 2012;
67: 1091-1100 [PMID: 22950390 DOI: 10.1111/j.1365-2044.2012.
07198.x]
Massicotte L, Perrault MA, Denault AY, Klinck JR, Beaulieu
D, Roy JD, Thibeault L, Roy A, McCormack M, Karakiewicz P.
Effects of phlebotomy and phenylephrine infusion on portal venous
pressure and systemic hemodynamics during liver transplantation.
Transplantation 2010; 89: 920-927 [PMID: 20216483 DOI:
10.1097/TP.0b013e3181d7c40c]
Hébert PC, Wells G, Blajchman MA, Marshall J, Martin C,
Pagliarello G, Tweeddale M, Schweitzer I, Yetisir E. A multicenter,
randomized, controlled clinical trial of transfusion requirements
in critical care. Transfusion Requirements in Critical Care Investi
gators, Canadian Critical Care Trials Group. N Engl J Med 1999;
340: 409-417 [PMID: 9971864 DOI: 10.1056/NEJM19990211340
0601]
Murphy GJ, Pike K, Rogers CA, Wordsworth S, Stokes EA,
Angelini GD, Reeves BC. Liberal or restrictive transfusion after
cardiac surgery. N Engl J Med 2015; 372: 997-1008 [PMID:
25760354 DOI: 10.1056/NEJMoa1403612]
Carson JL, Terrin ML, Noveck H, Sanders DW, Chaitman BR,
Rhoads GG, Nemo G, Dragert K, Beaupre L, Hildebrand K,
Macaulay W, Lewis C, Cook DR, Dobbin G, Zakriya KJ, Apple
FS, Horney RA, Magaziner J. Liberal or restrictive transfusion
in high-risk patients after hip surgery. N Engl J Med 2011; 365:
2453-2462 [PMID: 22168590 DOI: 10.1056/NEJMoa1012452]
Sagesaka T, Juen H, Hayashi M. Influence of red blood cell
concentration on the initiation time of blood coagulation: risk
of thrombus formation in pregnant females with anemia. Clin
Hemorheol Microcirc 2007; 36: 155-161 [PMID: 17325439]
Corredor C, Wasowicz M, Karkouti K, Sharma V. The role of
point-of-care platelet function testing in predicting postoperative
bleeding following cardiac surgery: a systematic review and metaanalysis. Anaesthesia 2015; 70: 715-731 [PMID: 25916344 DOI:
10.1111/anae.13083]
Afshari A, Wikkelsø A, Brok J, Møller AM, Wetterslev J.
Thrombelastography (TEG) or thromboelastometry (ROTEM) to
monitor haemotherapy versus usual care in patients with massive
transfusion. Cochrane Database Syst Rev 2011; (3): CD007871
[PMID: 21412912 DOI: 10.1002/14651858.CD007871.pub2]
Gurusamy KS, Pissanou T, Pikhart H, Vaughan J, Burroughs AK,
Davidson BR. Methods to decrease blood loss and transfusion
requirements for liver transplantation. Cochrane Database Syst Rev
2011; (12): CD009052 [PMID: 22161443 DOI: 10.1002/14651858.
CD009052.pub2]
Wang SC, Shieh JF, Chang KY, Chu YC, Liu CS, Loong CC, Chan
KH, Mandell S, Tsou MY. Thromboelastography-guided transfusion
decreases intraoperative blood transfusion during orthotopic liver
transplantation: randomized clinical trial. Transplant Proc 2010;
42: 2590-2593 [PMID: 20832550 DOI: 10.1016/j.transproceed.201
0.05.144]
Abstracts of the 16th Annual International Congress of the
International Liver Transplantation Society. June 16-19, 2010.
Hong Kong, China. Liver Transpl 2010; 16 Suppl 1: S69-263
[PMID: 20517922 DOI: 10.1002/lt.22086]
Trzebicki J, Flakiewicz E, Kosieradzki M, Blaszczyk B, Kołacz
M, Jureczko L, Pacholczyk M, Chmura A, Lagiewska B, Lisik
W, Wasiak D, Kosson D, Kwiatkowski A, Lazowski T. The use
of thromboelastometry in the assessment of hemostasis during
orthotopic liver transplantation reduces the demand for blood
products. Ann Transplant 2010; 15: 19-24 [PMID: 20877262]
Molenaar IQ, Warnaar N, Groen H, Tenvergert EM, Slooff MJ,
Porte RJ. Efficacy and safety of antifibrinolytic drugs in liver
transplantation: a systematic review and meta-analysis. Am J
Transplant 2007; 7: 185-194 [PMID: 17227567 DOI: 10.1111/j.16
00-6143.2006.01591.x]
Karkouti K, Beattie WS, Dattilo KM, McCluskey SA, Ghannam
M, Hamdy A, Wijeysundera DN, Fedorko L, Yau TM. A propensity

WJT|www.wjgnet.com

134
135

136

137

138

139

140

141

142

143

144

145

146

304

score case-control comparison of aprotinin and tranexamic acid
in high-transfusion-risk cardiac surgery. Transfusion 2006; 46:
327-338 [PMID: 16533273 DOI: 10.1111/j.1537-2995.2006.00724.
x]
Mangano DT, Tudor IC, Dietzel C. The risk associated with
aprotinin in cardiac surgery. N Engl J Med 2006; 354: 353-365
[PMID: 16436767 DOI: 10.1056/NEJMoa051379]
Fergusson DA, Hébert PC, Mazer CD, Fremes S, MacAdams
C, Murkin JM, Teoh K, Duke PC, Arellano R, Blajchman MA,
Bussières JS, Côté D, Karski J, Martineau R, Robblee JA, Rodger
M, Wells G, Clinch J, Pretorius R. A comparison of aprotinin
and lysine analogues in high-risk cardiac surgery. N Engl J
Med 2008; 358: 2319-2331 [PMID: 18480196 DOI: 10.1056/
NEJMoa0802395]
Government of Canada HCHP and FBHIIOCE and CD #1,
DGIU. MedEffect - Health Canada’s Response to the Final Report
of the Expert Advisory Panel on Trasylol (aprotinin) [Internet].
2011. [Accessed 2015 Nov 6]. Available from: URL: http://www.
hc-sc.gc.ca/dhp-mps/medeff/res/hc-sc_res-rep-trasylol-eng.php
Trzebicki J, Kosieradzki M, Flakiewicz E, Kuzminska G,
Wasiak D, Pacholczyk M, Lagiewska B, Lisik W, Kosson D,
Kulik A, Chmura A, Lazowski T. Detrimental effect of aprotinin
ban on amount of blood loss during liver transplantation: singlecenter experience. Transplant Proc 2011; 43: 1725-1727 [PMID:
21693266 DOI: 10.1016/j.transproceed.2011.01.182]
Schofield N, Sugavanam A, Thompson K, Mallett SV. No increase
in blood transfusions during liver transplantation since the
withdrawal of aprotinin. Liver Transpl 2014; 20: 584-590 [PMID:
24481770 DOI: 10.1002/lt.23839]
Gurusamy KS, Li J, Sharma D, Davidson BR. Cardiopulmonary
interventions to decrease blood loss and blood transfusion
requirements for liver resection. Cochrane Database Syst Rev
2009; (4): CD007338 [PMID: 19821405 DOI: 10.1002/14651858.
CD007338.pub2]
Ker K, Edwards P, Perel P, Shakur H, Roberts I. Effect of trane
xamic acid on surgical bleeding: systematic review and cumulative
meta-analysis. BMJ 2012; 344: e3054 [PMID: 22611164 DOI:
10.1136/bmj.e3054]
Kozek-Langenecker SA, Afshari A, Albaladejo P, Santullano
CA, De Robertis E, Filipescu DC, Fries D, Görlinger K, Haas T,
Imberger G, Jacob M, Lancé M, Llau J, Mallett S, Meier J, RaheMeyer N, Samama CM, Smith A, Solomon C, Van der Linden
P, Wikkelsø AJ, Wouters P, Wyffels P. Management of severe
perioperative bleeding: guidelines from the European Society of
Anaesthesiology. Eur J Anaesthesiol 2013; 30: 270-382 [PMID:
23656742 DOI: 10.1097/EJA.0b013e32835f4d5b]
Carless PA, Henry DA, Moxey AJ, O’Connell D, Brown T,
Fergusson DA. Cell salvage for minimising perioperative alloge
neic blood transfusion. Cochrane Database Syst Rev 2010; (4):
CD001888 [PMID: 20393932 DOI: 10.1002/14651858.CD001888.
pub4]
Hendriks HG, van der Meer J, Klompmaker IJ, Choudhury N,
Hagenaars JA, Porte RJ, de Kam PJ, Slooff MJ, de Wolf JT. Blood
loss in orthotopic liver transplantation: a retrospective analysis of
transfusion requirements and the effects of autotransfusion of cell
saver blood in 164 consecutive patients. Blood Coagul Fibrinolysis
2000; 11 Suppl 1: S87-S93 [PMID: 10850571 DOI: 10.1097/0000
1721-200004001-00017]
Kemper RR, Menitove JE, Hanto DW. Cost analysis of intrao
perative blood salvage during orthotopic liver transplantation. Liver
Transpl Surg 1997; 3: 513-517 [PMID: 9346794 DOI: 10.1002/
lt.500030506]
Massicotte L, Thibeault L, Beaulieu D, Roy JD, Roy A. Evaluation
of cell salvage autotransfusion utility during liver transplantation.
HPB (Oxford) 2007; 9: 52-57 [PMID: 18333113 DOI: 10.1080/13
651820601090596]
Kırnap M, Tezcaner T, Ayvazoğlu Soy HE, Akdur A, Yıldırım
S, Torgay A, Moray G, Haberal M. Efficacy of cell saver use in
living-donor liver transplant. Exp Clin Transplant 2015; 13 Suppl 1:
315-317 [PMID: 25894181 DOI: 10.6002/ect.mesot2014.p153]

June 24, 2016|Volume 6|Issue 2|

Cleland S et al . Massive haemorrhage in liver transplantation
147 Phillips SD, Maguire D, Deshpande R, Muiesan P, Bowles MJ,
Rela M, Heaton ND. A prospective study investigating the cost
effectiveness of intraoperative blood salvage during liver trans
plantation. Transplantation 2006; 81: 536-540 [PMID: 16495800
DOI: 10.1097/01.tp.0000199318.17013.c5]
148 Foltys D, Zimmermann T, Heise M, Kaths M, Lautem A, Wisser
G, Weiler N, Hoppe-Lotichius M, Hansen T, Otto G. Liver
transplantation for hepatocellular carcinoma--is there a risk of
recurrence caused by intraoperative blood salvage autotransfu
sion? Eur Surg Res 2011; 47: 182-187 [PMID: 21986299 DOI:
10.1159/000330746]

149 Liang TB, Li DL, Liang L, Li JJ, Bai XL, Yu W, Wang WL,
Shen Y, Zhang M, Zheng SS. Intraoperative blood salvage during
liver transplantation in patients with hepatocellular carcinoma:
efficiency of leukocyte depletion filters in the removal of tumor
cells. Transplantation 2008; 85: 863-869 [PMID: 18360269 DOI:
10.1097/TP.0b013e3181671f2e]
150 Feltracco P, Michieletto E, Barbieri S, Serra E, Rizzi S, Salvaterra
F, Cillo U, Ori C. Microbiologic contamination of intraoperative
blood salvaged during liver transplantation. Transplant Proc 2007;
39: 1889-1891 [PMID: 17692644 DOI: 10.1016/j.transproceed.200
7.05.005]
P- Reviewer: Feltracco P, Lin JA S- Editor: Ji FF
L- Editor: A E- Editor: Liu SQ

WJT|www.wjgnet.com

305

June 24, 2016|Volume 6|Issue 2|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

© 2016 Baishideng Publishing Group Inc. All rights reserved.

