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Abstract
Liver transplantation (LT) has been considered for many years a complicated surgical procedure with

a high risk for massive intraoperative blood loss due to pre-existing coagulopathy, portosystemic shunts
with collateral circulation and splenomegaly. In transplantation centers worldwide blood banks direct most
of their resources towards LT programmes, with a great impact on costs. The purpose of this study was
to evaluate a single center transfusion strategies and to identify risk factors associated with high intra-
operative blood loss (HBL) and blood transfusion (BT). Patients and method. The present study included
112 patients who underwent LT at Fundeni Clinical Institute between January 2012 and June 2013.
Retrospective analysis of data included preoperative assessment of coagulopathy, severity of liver disease,
intraoperative blood loss and BT, duration of surgery, postoperative complications and length of Post
Anaesthesia Care Unit (PACU) stay. Results. The mean age in the study group at the time of LT was
48.04 ± 13.15 years. The mean intraoperative blood loss was 5580 ± 4951 ml requiring a mean BPT of
6.93 ± 6.25 units packed red blood cells and 18.44 ± 12.39 units of fresh frozen plasma. Univariate
analysis of data identified as independent risk factors for HBL: recipient’s age (p = 0.027), International
Normalized Ratio (INR) (p = 0.03), Model for End-Stage Liver Disease - Na (MELD-Na) (p = 0.014),
spleen size (p = 0.05), pre LT platelet count (p = 0.01) and duration of surgery (p = 0.011). Intraoperative
blood loss was statistically significant associated with a higher postoperative morbidity, prolonged post-
operative mechanical ventilation (p = 0.022), a longer PACU stay (p = 0.004) and an increased incidence
of neurological (p < 0.001), pulmonary (p < 0.001) and renal complications (p = 0.023). Conclusion. No
evaluation technique used until present time can fully evaluate cirrhotic coagulopathy before LT. Advanced
liver disease, baseline INR and duration of surgery are the most important factors associated with HBL.
A finding which needs further investigations was the association of a higher MELD-Na score as an
independent predictive factor for HBL. A point-of-care protocol to assess blood coagulation and goal-
directed therapy has to be developed in order to reduce perioperative blood loss and improve outcome of
transplanted patients.
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Introduction
Patients with liver cirrhosis have been considered

for decades to have an impaired coagulation profile
mainly due to low synthesis of procoagulant factors
by the liver [1]. Recent evidences suggest that to some
extent haemostasis in LT is “re-balanced” by elevation

of FVIII and depletion of anticoagulants (protein S,
protein C, antitrombin III) [2-4]. Moreover primary
haemostasis might not be as altered as it was previously
thought. The increase of platelet adhesion factors (like
von Willebrand Factor) may increase platelet adhesion
in cirrhosis and thereby a low platelet count may not
enhance the bleeding risk in patients undergoing surgery
or invasive procedures in cirrhotic patients [5].

Since the first successful LT in 1967, blood products
have been massively transfused during surgery in order
to correct coagulation abnormalities assessed by rou-
tine coagulation tests. In addition, fresh frozen plasma
(FFP) has been used for volemic resuscitation during
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LT for decades. This massive blood transfusion led to
an increase in postoperative transfusion-related com-
plications [6] and poor outcome [7].

Current trends are towards a more restrictive
approach on transfusion in all fields of major abdominal
surgery, including LT. Although recent guidelines [8]
suggest a more evidence-based approach based on a
complex evaluation of haemostasis, there are still signi-
ficant differences between major transplant centers,
based on individual approach to LT and clinical expe-
rience.

Patients and method
The purpose of this study was to evaluate a single

center transfusion strategy and to identify risk factors
associated with HBL and predictors of BT require-
ments in LT.

After obtaining approval by the Ethical Committee
of Fundeni Clinical Institute, we retrospectively
analyzed 112 consecutive patients who underwent LT
at Fundeni Clinical Institute between January 2012 –
June 2013.

Data collection
Preoperative data collected from patient’s medical

files were: age, gender, etiology of liver disease, co-
morbidities, assessment scores for the severity of liver
disease (MELD, MELD-Na, Child-Pugh), serum bili-
rubin, creatinine and albumin levels, spleen size, INR
and platelet count. Intraoperative data were duration
of surgery, blood loss and BT, central venous pressure
(CVP) during the dissection phase, mean blood pres-
sure (BP) and vasopressor requirements. Postoperative
data were: duration of mechanical ventilation, length
of PACU stay, incidence and severity of postoperative
complications.

Anaesthetic management
All patients underwent LT under general anaes-

thesia. Induction was obtained with propofol 1.5-2 mg/
kg, fentayl 2-4 μg/kg and succinylcholine 1-1.5 mg/kg.
Neuromuscular blockade was obtained using atracu-
rium with a loading dose of 0.5 mg/kg followed by 0.1
mg/kg boluses at 20-45 minutes intervals. Maintenance
of anaesthesia was achieved using inhaled sevoflurane
and fentanyl in continuous infusion of 0.5-1 μg/kg/h,
discontinued 1 to 2 hours before the end of surgery.
No neuromuscular blockade reversal agents were
used. Intermittent positive-pressure ventilation (IPPV)
was applied intraoperatory, using a fraction of inspired
oxygen (FiO2) of 0.5 and tidal volumes of 6-8 ml/kg.
Standard intraoperative monitoring consisted of
continuous electrocardiogram, non-invasive BP
measurement, peripheral oxygen saturation, end-tidal
carbon dioxide (ETCO2), diuresis and core tempera-
ture. Advanced hemodynamic parameters (invasive

BP, CVP and cardiac output) were obtained by either
inserting a Swan-Ganz® catheter or by pulse contour
analysis with a PiCCO Plus® monitor. In selected pa-
tients a blood saving system (Cell-saver) was used.

Blood transfusion
High blood loss (HBL) was defined as blood loss

above 5000 ml. Blood loss was quantified by measuring
direct loss (suction from the operatory field, weight of
gauzes). Transfusion was triggered by diffuse coagulo-
pathy bleeding and was decided according to our local
protocol as follows: packed red blood cells (PRBc)
were administered in order to maintain a haemoglobin
level above 8.0 g/dL or/and haematocrit above 30%,
FFP was administered as volume resuscitation in case
of HBL or to maintain a INR < 2.5-3, platelets (plts)
transfusion was not standardized and each anaesthe-
siologist selected his own threshold, cryoprecipitate was
administered to maintain fibrinogen levels above 1 g/L.
Massive BT was defined by PRBc transfusion > 8
units and/or FFP > 15 units. Intraoperative salvage of
blood was used in patients with anticipated HBL and
without any evidence of hepatocarcinoma or hepatitis
C virus.

Statistical analysis
Data are presented as mean ± standard deviation

of the mean, median [min, max] otherwise percentage.
Data distribution was examined in order to insure the
proper statistical examination. Demographic and
physiological characteristics for the two groups were
compared using t test for continuous data and Mann-
Whitney sign rank test for nonparametric data. The
Chi-squared test was used to analyze dichotomous data.
To assess subgroup differences, we used a Pearson
χ2 test. For the multivariate analysis a stepwise regres-
sion and logistic regression exploratory models were
used. Statistical significance was considered at a p-
value under 0.05. Statistical analysis was performed
using SPSS 19.0® (SPSS, Chicago, IL).

Results
The mean age of the study group was 48.04 ± 13.15

years with a range distribution from 7 to 69 years and
the mean MELD score was 15.78 ± 4.96 (range 7-30).
Twenty percent of patients (n = 23) underwent living-
related LT (LRLT), and 80% (n = 89) received a whole
liver from deceased donors (DDLT). Epidemiologic
and pretransplant data are presented in Table 1.

Independent predictors for high blood loss as deter-
mined by the univariate analysis were: recipient’s age
(p = 0.027), baseline INR (p = 0.03) (figure 1), MELD-
Na score (p = 0.014), spleen size (p = 0.05) and pre-
transplant platelet count (p = 0.01). In the multivariate
analysis only recipient’s age (p = 0.032) remained sta-
tistically significant.
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                            Table 1. Epidemiological and pretransplant data

 All patients (n=112) HBL (n = 56) LBL (n = 56) p value 

Age (years) 48.04 ± 13.15 50.79 ± 11.67 45.3 ± 14.05 0.027* 
Sex 

Male 
Female 

 
53.6% (n = 60) 
46.4% (n = 52) 

 
55.4% (n = 31) 
44.6% (n = 25) 

 
51.8% (n = 29) 
48.2% (n = 27) 

0.532 

Ethiology of liver disease 
HBV 
HCV 
Alcoholic 
HCC 
Others 

 
29.5% (n = 33) 
17.9% (n = 20) 
13.4% (n = 15) 
22.3% (n = 25) 
17% (n = 19) 

 
28.6% (n = 16) 
21.4%(n = 12) 
14.3% (n = 8) 
19.6% (n = 11) 
16.1% (n = 9) 

 
30.4% (n = 17) 
14.3% (n = 8) 
12.5% (n = 7) 
25% (n = 14) 
17.9% (n = 10) 

0.121 

Child-Pugh 
A 
B 
C 

 
8.9% (n = 10) 
17% (n = 19) 
74.1% (n = 83) 

 
7.1% (n = 4) 
16.1% (n = 9) 
76.8% (n = 43) 

 
10.7% (n = 6) 
17.9% (n = 10) 
71.4% (n = 40) 

0.848 

MELD 15.78 ± 4.96 16.42 ± 4.7 15.1 ± 5.7 0.180 
Serum Creatinine (mg/dl) 0.89 ± 0.33 0.88 ± 0.21 0.9 ± 0.42 0.868 
Serum Bilirubin (mg/dl) 4.15 ± 4.7 4.8 ± 4.22 3.5 ± 5.09 0.176 
INR 1.56 ± 0.45 1.65 ± 0.46 1.46 ± 0.41 0.030* 
MELD-Na 18.39 ± 6.12 20.0 ± 5.82 16.65 ± 6.05 0.014* 
Na (mmol/l) 135.11 ± 5.41 134.5 ± 5.48 135.7 ± 5.31 0.236 
Albumin (g/dl) 3.22 ± 0.64 3.18 ± 0.65 3.26 ± 0.63 0.547 
Ascites (%) 62.5% (n = 70) 69.6 % (n = 39) 55.4% (n=31) 0.191 
Preoperative RRT (%) 3.6% (n = 4) 5.5% (n = 3) 1.8% (n=1) 0.006* 
Cardiovascular pathology (%) 8.9% (n = 10) 8.9% (n = 5) 8.9% (n=5) 0.286 
Diabetes mellitus (%) 12.5% (n = 14) 7.1% (n = 4) 17.9% (n=10) 0.559 
Spleen size (mm) 145 ± 44.79 158 ± 32.67 133.6 ± 52 0.050* 
Platelet count (plts/μL) 84699 ± 66103 67882 ± 34136 101852 ± 84463 0.010* 
Type of LT 

LRLT 
DDLT 

 
20.5% (n = 23) 
79.5% (n = 89) 

 
23.2% (n = 13) 
76.8% (n = 43) 

 
17.9% (n = 10) 
82.1% (n = 46) 

0.087 

 HBV – hepatitis B virus, HCV – Hepatitis C virus, HCC – hepatocarcinoma, MELD – Model for End stage liver disease, INR – International
Normalized Ratio, Na – natrium, RRT – renal replacement therapy, LT – liver transplantation, LRLT – living-related liver transplantation,
DDLT – deceased donor liver transplantation. * – p < 0.05

Fig. 1. Comparison of laboratory INR value to intraoperative
blood loss. A higher value of INR in the preoperative period is

associated with a significant higher blood loss during liver
transplantation. INR – international normalized ratio

The mean duration of surgery was 420 ± 99 minutes,
with the shortest time for surgery being 250 minutes.
The mean intraoperative blood loss was 5580 ± 4951

ml, ranged from 200 ml to 30 000 ml. Fifty percent of
patients (n = 66) were included in the HBL group. The
mean transfusion requirements were as followed:
PRBc 6.93 ± 6.25 units per patient, with a median of 5
[0, 35] units and an average of 18.44 ± 12.39 units of
FFP per patient (median 16 [0, 85] units). Cryopreci-
pitate and platelets were transfused at a much lower
rate, respectively 43.75% (n = 39) and 25.89% (n =
23) of all patients. In the transfused group cryopre-
cipitate was administered at a mean value of 6.77 ±
3.60 units per patient (median 5 [1, 16] units) and
platelets at a mean value of 5.44 ± 4.60 units per patient
(median 4 [1, 23] units). Eight patients (7.1%) were
transfused using blood salvaging systems. One patient,
having an intraoperative blood loss of 150 ml, did not
require BT during surgery.

Intraoperative data are presented in Table 2. Intra-
operative risk factors for HBL in the multivariate ana-
lysis were duration of surgery (p = 0.011) (Figure 2)
and high vasopressor support (p < 0.001). Because
both blood loss and transfusion rate did not show a
Gaussian distribution, the transfusion requirements in
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                       Table 2. Intraoperative data

 All patients (n = 112)  HBL (n = 56) LBL (n = 56) p value 

Duration of surgery (min) 446 ± 99.78 471 ± 115 422 ± 75 0.011* 
Duration of anhepatic phase (min) 45.06 ± 15.57 44.35 ± 14.76 45.8 ± 16.0 0.625 
Medium CVP (mmHg) 9.35 ± 4.66 9.3 ± 4.96 9.4 ± 4.39 0.444 
MAP (mmHg) 69.61 ± 7.47 68.77 ± 7.18 70.4 ± 7.11 0.261 
Vasopressor dose (NA, mg/h) 7.25 ± 5.67 9.18 ± 6.57 5.4 ± 3.87 < 0.001* 
FFP (units) 18.44 ± 12.39 23.82 ± 14.1 13.55 ± 7.92 < 0.001* 
PRBc (units) 6.93 ± 6.25 10.63 ± 7.00 3.68 ± 2.85 < 0.001* 
Cryoprecipitate (units) 3.53 ± 4.27 5.45 ± 4.88 1.84 ± 2.78 < 0.001* 
Platelets (units) 6.93 ± 6.25 3.22 ± 4.65 0.32 ± 1.07 < 0.001* 
PRS (%) 55.4% (n = 62) 58.9% (n = 33) 51.8% (n = 29) 0.728 

 CVP – central venous pressure, MAP – mean arterial pressure, NA – Noradrenalin, FFP – fresh frozen plasma, PRBc – packed red blood cells,
PRS – postreperfusion syndrome. * – p < 0.05

the two groups were compared in a multivariate ana-
lysis. Results showed a statistical significant increase
in all blood products transfusion in the HBL group (p <
0.001).

Fig. 2. Correlation between blood loss and duration of surgery.
A significant higher blood loss and blood transfusion was

observed in patients with a longer duration of surgery

PACU – Post Anaesthesia Care Unit, MV – mechanical ventilation, NIV – non-invasive mechanical ventilation,
AKI – Acute Kidney Injury. * – p < 0.05

                         Table 3. Postoperative data

The mean length of PACU stay was 9.71 ± 8.4 days,
ranging from 4 to 77 days. Fifteen patients (13.3%)
were extubated at the end of surgery, the remaining
patients (n = 97) required MV for a median of 8 hours.
HBL significantly predicted a longer need for
mechanical ventilation after surgery (p = 0.022) and a
longer PACU stay (p = 0.004). Both HBL and an in-
creased need for BT correlated with a higher incidence
of postoperative neurological (p < 0.001), pulmonary
(< 0.001) and renal complications (p = 0.023) (Figure
3). All postoperative variables are presented in Table 3.

Univariate analysis of risk factors associated with
BT are presented in Table 4. Univariate analysis
identified as independent risk factors for massive BT:
MELD score (p = 0.047), preoperative INR (p = 0.037),
MELD-Na (p = 0.024), pretransplant platelet count (p
= 0.045), duration of surgery (p = 0.020), blood loss (p
< 0.001), mean arterial pressure (p = 0.042) and
maximum vasopressor dose (p = 0.045). In the multi-
variate analysis (Table 5) only the duration of surgery
(p < 0.001) (Figure 4) and intraoperative blood loss (p
< 0.001) (Figure 5) remained statistically significant.

 All patients (n = 112) HBL (n = 56) LBL (n = 56) p value 

Length of PACU stay (days) 9.71 ± 8.4 11.95 ± 11.12 7.48 ± 2.91 0.004* 
Duration of MV (min) 11.91 ± 17.02 16.1 ± 23.4 8.19 ± 6.13 0.022* 
Pulmonary complications (%) 23.2% (n=26) 28.5% (n = 16) 17.8% (n = 10) < 0.001* 
NIV (%) 25% (n=28) 30.4% (n = 17) 19.6% (n = 11) 0.121 
Reintubation (%) 4.5% (n = 5) 7.1% (n = 4) 1.8 % (n = 1) 0.026* 
Neurological complications 14.3% (n = 16) 17.8% (n = 10) 10.7% (n = 6) < 0.001* 
AKI 

No AKI 
AKI 1 
AKI 2 
AKI 3 

 
65.2% (n = 73) 
22.3% (n = 25) 
8% (n = 9) 
4.5% (n = 5) 

 
46.4% (n = 26) 
33.9% (n = 19) 
14.3% (n = 8) 
5.4% (n = 3) 

 
83.9% (n = 47) 
10.7% (n = 6) 
1.8% (n = 1) 
3.6% (n = 2) 

0.023* 
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Table 4. Univariate analysis of perioperative risk factors for massive intraoperative blood products transfusion

 t 95% CI p value 

Age  1.207 -2.17-8.84 0.232 
MELD 2.01 0.026-4.04 0.047* 
Preoperative bilirubin 0.879 -1.15-2.90 0.392 
Preoperative INR 2.11 0.010-0.34 0.037 
Preoperative serum creatinine 0.973 -0.06-0.20 0.333 
MELD-Na 2.37 0.45-6.11 0.024* 
Na -0.90 -3.01-1.12 0.366 
Pretransplant albumin -0.376 0.13-(-0.31) 0.708 
Pretransplant pletelet count -2.03 -54743-(-693) 0.045* 
Spleen size 1.42 -8.87-51.3 0.162 
Duration of surgery 2.37 7.41-85.23 0.020* 
Blood loss 4.08 2.05-5.91 < 0.001* 
Duration of anhepatic phase -0.877 -8.85-3.42 0.383 
CVP during the preanhepatic phase 0.153 -1.76-2.06 0.879 
Mean arterial pressure -2.05 -5.59-(-0.108) 0.042* 
Maximum vasopressor dose 2.03 0.05-4.20 0.045* 

 MELD – Model for End stage liver disease, INR – International Normalized Ratio, Na – natrium, CVP- Central Venous Pressure, * – p < 0.05

Fig. 3. Correlation between intraoperative blood loss and
postoperative development of AKI. A higher incidence of AKI

can be observed in the high blood loss group. Patients that had a
higher intraoperative blood loss also developed a more severe
renal dysfunction in the postoperative period. AKI – acute

kidney injury

Fig. 4. Correlation between blood products transfusion and
duration of surgery. FFP – fresh frozen plasma; PRBc – packed

red blood cells

Table 5. Multivariate analysis of risk factors for massive
intraoperative blood products transfusion

MELD – Model for End stage liver disease, INR – International
Normalized Ratio, Na – natrium, * – p < 0.05

Fig. 5. Correlation between blood loss and blood products
transfusion. The higher the blood loss, the greater the

transfusion requirements. FFP – fresh frozen plasma; PRBc –
packed red blood cells

Discussion
Although recent advances in anaesthesiology and

surgery have significantly decreased blood loss (BL)
in LT, this procedure is still associated with a high risk

 Beta 95% CI p value 

MELD 0.009 -0.676-0.720 0.950 
MELD-Na 0.305 -0.292-0.917 0.305 
INR -0.047 -7.56-4.90 0.671 
Duration of surgery 0.330 0.024-0.062 < 0.001* 
Blood loss 1.53 1.07-1.98 < 0.001* 
Mean arterial pressure 0.11 -0.221-0.263 0.861 
Maximum vasopressor dose 0.062 -0.255-0.558 0.459 
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of massive BL and a high need of BT. The rebalanced
approach to haemostasis in chronic liver failure offered
a new perspective on FFP transfusion during compli-
cated surgery in this group of patients. However, trans-
fusion of plasma or other blood products remain at
physicians’ discretion [9].

The transfusion protocol used by anaesthesiologists
in our transplant center has been adapted from pu-
blished guidelines to our specific needs and possibilities.
In the past year we managed to replace most of the
FFP that was transfused only for volemic purposes
with 5% albumin and crystalloids as supported by
Freeman et al. [10]. Our current strategy of FFP trans-
fusion to correct INR levels below 2.5-3 when asso-
ciated with diffuse bleeding in the surgical fields is
sustained by the study of McCluskey et al. [11] and
the use of plasma is becoming more restricted.

The same controversies remain regarding when a
patient should receive PRBc, mostly because of the
scattered evidence supporting one transfusion practice
over another. There are conflicting studies in supporting
a haemoglobin level above 7 g/dL even in patients with
cardiovascular disease [12]. Nevertheless our current
practice in maintaining a hematocrit above 30% or a
haemoglobin level above 8 g/dL is acceptable and ad-
vised by many authors [11, 13].

Cryoprecipitate has been used in order to correct
fibrinogen deficiencies to a level above 1 g/L in bleeding
patients. The same threshold is recommended by the
recently published guidelines on management of severe
bleeding by the European Society of Anaesthesiology
[8]. Lately, the use of cryoprecipitate has been replaced
with fibrinogen concentrate in major surgical centers
worldwide and since the beginning of this year in our
institution too. Although cryoprecipitate was used at the
beginning of the study on a large scale in order to correct
fibrinogen deficiencies it has been replaced almost
entirely with fibrinogen concentrate for the last 6
months. Antifibrinolytic drugs were used if there were
clinical signs of hyperfibrinolysis or if it was documented
by rotational tromboelastometry (ROTEM) assay.

Most studies agree that in the setting of LT or other
major abdominal surgery in cirrhotic patients a platelet
count above 50 000/μL remains advisable [14-16]. Our
current practice varies between individual anaesthetists
from platelet transfusion at a threshold of 25 000 to
50 000/μL. In the last year ROTEM has become a
standard practice during LT in our institution, but a
local protocol of bleeding management based on point-
of-care devices is still under review, so that available
data could not be included in the present study.

The mean BT requirements in our study group were
still high when compared with current literature. Frasco
et al. [17] reported a mean transfusion rate of 2.9 units
PRBc and 2.5 units of FFP in DDLR and 1 unit PRBc

and 0.8 units of FFP in LRLT. This difference can be
explained by the surgical technique (piggyback tech-
nique) and by the fact that FFP has been used until
recently for volume resuscitation during surgery.
However because they did not report BL, we cannot
analyze whether the diminished transfusion rate is due
to a much lower BL or to other factors. Steib et al.
[13] reported in a retrospective study of 410 con-
secutive patients a higher then our rate of BT in both
HBL group and low BL group. No data about intra-
operative blood loss during surgery are reported by
the authors, except the fact that both groups belong to
the upper quartile of PRBc transfused patients.
Bloodless LT has been reported in Jehovah’s witnesses
[18, 19] for some time and since then an increasing
number of large LT centers have adopted minimal
transfusion protocols, to mimic their results. Massicotte
et al. [20] reported a median transfusion rate of 2 units
PRBc and 4 units FFP and managed to reduce it even
further in two series of 61 [21] and 500 [22] con-
secutive LT recipients to a mean of 0.5 units of PRBc
and no FFP by combining low CVP and phlebotomy
during surgery.

In our study, we found a statistically significant
correlation in the univariate analysis between HBL and
the following perioperative factors: patient’s age,
MELD-Na score, preoperative INR, spleen size,
thrombocytopenia and duration of surgery, findings that
are similar to other studies [13, 17, 20] that identified
baseline INR, platelet count and duration of surgery
as perioperative risk factors for both HBL and BT.
We identified statistically significant differences
between MELD-Na score, but not MELD score, in
patients with HBL. Our results are in agreement with
Brown RJ et al. who reported that neither MELD score
nor Child-Pugh score correlates with transfusion re-
quirements or postoperative mechanical ventilation. The
difference in MELD-Na score might be explained by
dilution hyponatremia [23] and thus a relative hyper-
volemic state that leads to portal hypertension and
dilated collateral vessels responsible for HBL during
hepatectomy. Nevertheless hyponatremia did not reach
statistical significance in either predicting HBL or
massive BT. There are a number of recent reports
[13, 17, 24] that find MELD score and Child-Pugh
score to be predictive for both BL and BT. The reason
for this disagreement might be explained by the
difference in both surgical techniques and in the value
of MELD score at the time of LT.

Classical coagulation tests are very imprecise in
guiding blood components transfusion in patients with
end-stage liver disease [25]. New methods have emerged
that can significantly predict transfusion requirements
in a more goal-directed approach. One of these
methods is represented by ROTEM that can evaluate
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both pathways of coagulation cascade and can objecti-
vely document hyperfibrinolysis [26, 27]. Although not
analysed in the present study due to lack of data, a
drop in BT has been observed since the introduction
of ROTEM assay in our anaesthetic protocol for LT.

In his review, Murthy [28] pointed out that using a
partial liver graft (as in LRLT or split liver LT)
hepatectomy creates a liver graft that has a raw surface
predisposing to HBL during reperfusion. Our results show
no difference regarding BL and BT between patients
receiving either a partial liver graft or whole livers from
deceased donors. This is in agreement with Tully et al.
[29] and Pirat et al. [30] who did not detect any significant
differences in BL and BT between living donation and
cadaveric donation recipients. The differences found by
Frasco et al. [17] may be explained by the significant
differences observed between the two groups when
analysing MELD, baseline INR, plts count and fibrinogen
levels. In his study, patients that underwent LRLT seemed
to be in good clinical state regarding both severity of liver
disease and coagulopathy. In our experience a good
haemostasis during hepatectomy in living donors prevents
significant blood loss from the dissection surface during
reperfusion of the graft.

During LT all patients show multifactorial disorders
of their haemostatic balance, regardless of donor type.
Based on recent studies and on the clinical practice,
our perspective in understanding the haemostatic me-
chanisms in the cirrhotic patients changed over the last
few years. Transfusion algorithms must be developed
in order to elaborate transfusion protocols. A more
aggressive correction of preoperative INR (to values
below 1.5-2) and fibrinogen levels (to about 1.8-2 g/l)
may lead to a significant decrease in intraoperative
BL and BT. Nevertheless, this could lead to an increase
in thrombotic events (such as deep vein thrombosis,
hepatic artery thrombosis, portal vein thrombosis) with
an adverse outcome, due to the presence of global
hypercoagulability or a localized hypercoagulable state
(due to local endothelial dysfunction).

In conclusion we found a number of significant
differences between patients with HBL and massive
BT during LT, the most important being baseline INR,
plts count, age, MELD-Na score and duration of
surgery. Our efforts are directed in organizing and
maintaining a dedicated LT anaesthesia team. Fluid
management and use of FFP for volemic resuscitation
has been reconsidered and transfusion requirements
tend to decline. The implementation of point-of-care
devices (ROTEM) and new transfusion protocols seem
to help to reduce bleeding and transfusion as to reach
targets recommended by international guidelines.
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Sângerarea intraoperatorie şi
transfuzia în transplantul hepatic.
Experienţa unui singur centru naţional

Rezumat
Transplantul hepatic (TH) reprezintă o intervenţie

chirurgicală majoră ce poate predispune la o sângerare
masivă intraoperatorie (SMI) datorită coagulopatiei
preexistente, şunturilor porto-sistemice şi hipersplenis-

mului. La nivel international, centrele de transfuzii direc-
ţionează o mare parte din resurse către programele de
TH, cu creşterea marcată a costurilor. Scopul acestui
studiu a constat în evaluarea strategiei transfuzionale
a Centrului de Transplant din Institutul Clinic Fundeni
şi în identificarea principalilor factori de risc ai SMI şi
transfuziei. Pacienţi şi metodă. În studiul prezent au
fost incluşi 112 pacienţi transplantaţi hepatic în Institutul
Clinic Fundeni în perioada ianuarie 2012 – iunie 2013.
Analiza retrospectivă a datelor include evaluarea pre-
operatorie a hemostazei, severitatea bolii hepatice, sân-
gerarea intraoperatorie şi transfuzia, durata intervenţiei
chirurgicale, incidenţa complicaţiilor postoperatorii şi
durata staţionării în Unitatea de Terapie Intermediară/
Îngrijire Postoperatorie (TIIP). Rezultate. Vârsta medie
în lotul de studiu a fost de 48,04 ± 13,15 ani. Sângerarea
medie intraoperatorie a fost de 5580 ± 4951 ml, necesi-
tând transfuzia a 6,93 ± 6,25 unităţi concentrat eritro-
citar şi 18,44 ± 12,39 unităţi de plasmă proaspată
congelată. Analiza univariată a identificat drept factori
de risc pentru SMI: vârsta primitorului (p = 0,027),
valoarea International Normalized Ratio (INR) (p =
0,030), scorul Model for End-stage Liver Disease -
sodium (MELD-Na) (p = 0,014), dimensiunile splinei
(p = 0,05), severitatea trombocitopeniei (p = 0,01) şi
durata intervenţiei chirurgicale (p = 0,11). Volumul
sângerării intraoperatorii s-a corelat cu creşterea nece-
sarului de suport ventilator în perioada postoperatorie
(p = 0,022), creşterea duratei de staţionare în TIIP (p
= 0,004) şi creşterea incidenţei complicaţiilor postope-
ratorii: neurologice (p < 0,001), pulmonare (p < 0,001)
şi renale (p = 0,023). Concluzii. Până la momentul
actual nu exista un protocol internaţional validat pentru
investigarea hemostazei la pacientul cirotic. Principalii
factori de risc asociaţi cu SMI sunt: severitatea bolii
hepatice, valoarea INR şi durata intervenţiei chirurgi-
cale. Interesantă este asocierea unui scor MELD-Na
crescut cu SMI, ca factor predictiv independent pentru
SMI, dar aceasta necesită validare prin alte studii. De
aceea este necesară o investigare completă a hemo-
stazei pentru stabilirea unei terapii transfuzionale bazată
pe dovezi în vederea minimalizării sângerării intra-
operatorii şi îmbunătăţirii prognosticului pacienţilor
transplantaţi hepatic.

Cuvinte cheie: transplant hepatic, transfuzie,
sângerare, MELD-Na




