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Abstract 

Background  This risk analysis aimed to explore all modifiable factors associated with prolonged mechanical ventila-
tion (lasting > 24 h) after liver transplantation, based on prospectively collected data from a clinical trial.

Methods  We evaluated 306 candidates. Ninety-three patients were excluded for low risk for transfusion (preopera-
tive haemoglobin > 130 g.l−1), and 31 patients were excluded for anticoagulation therapy, bleeding disorders, familial 
polyneuropathy, or emergency status. Risk factors were initially identified with a log-binomial regression model. Rela-
tive risk was then calculated and adjusted for age, sex, and disease severity (Model for End-Stage Liver Disease [MELD] 
score).

Results  Early tracheal extubation was performed in 149 patients (84.7%), and 27 patients (15.3%) required prolonged 
mechanical ventilation. Reoperations were required for 6.04% of the early extubated patients and 44% of patients 
who underwent prolonged ventilation (p = 0.001). A MELD score > 23 was the main risk factor for prolonged ventila-
tion. Once modifiable risk factors were adjusted for MELD score, sex, and age, three factors were significantly associ-
ated with prolonged ventilation: tranexamic acid (p = 0.007) and red blood cell (p = 0.001) infusion and the occur-
rence of postreperfusion syndrome (p = 0.004). The median (IQR) ICU stay was 3 (2–4) days in the early extubation 
group vs. 5 (3–10) days in the prolonged ventilation group (p = 0.001). The median hospital stay was also significantly 
shorter after early extubation, at 14 (10–24) days, vs. 25 (14–55) days in the prolonged ventilation group (p = 0.001). 
Eight patients in the early-extubation group (5.52%) were readmitted to the ICU, nearly all for reoperations, 
with no between-group differences in ICU readmissions (prolonged ventilation group, 3.7%). Conclusion.

We conclude that bleeding and postreperfusion syndrome are the main modifiable factors associated with prolonged 
mechanical ventilation and length of ICU stay, suggesting that trials should explore vasopressor support strategies 
and other interventions prior to graft reperfusion that might prevent potential fibrinolysis.

Trial Registration.

European Clinical Trials Database (EudraCT 2018–002510-13,) and on ClinicalTrials.gov (NCT01539057).
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Background
Early tracheal extubation in liver transplantation implies 
a shorter stay in a postoperative ICU[1] and the avoid-
ance of the side effects of mechanical ventilation on 
splanchnic blood flow, which is detrimental to the liver 
graft. However, adequate liver function and the absence 
of bleeding or other adverse conditions that may require 
a return to the operating theatre cannot always be ascer-
tained at the end of surgery [2]. Furthermore, most gross 
haemodynamic and respiratory disturbances, bleeding 
or hepatic artery thrombosis can appear in the first 24 h 
after a liver transplant [2]. Among retrospective series 
from the early 2000s, immediate reintubation was nec-
essary in 11.7% of cases [3]. That rate would be unac-
ceptable today. In some series fast-track extubation was 
performed in patients with low Model for End-Stage 
Liver Disease (MELD) scores (around 12) [4, 5], but as 
waiting lists have come to include older and more over-
weight patients, average MELD scores have risen in 
recent series [6]. In this scenario, anaesthesiologists have 
developed an interest in finely tuning fast-track protocols 
in keeping with risk for reintubation and ICU readmis-
sion and, if possible, reducing that risk.

We aimed to explore all modifiable preoperative and 
intraoperative risk factors associated with a need to 
maintain mechanical ventilation for more than 24 h after 
liver transplantation in a multicentre series of recipients 
registered prospectively for a randomised clinical trial.

Methods
Data from a multicentre, haemoglobin-stratified, ran-
domised controlled trial on fibrinogen infusion and 
blood product requirements by our group [7] were used 
for this secondary analysis, which was foreseen in the 
initial protocol registered in the European Clinical Trials 
Database (EudraCT 2018–002510-13,) and on Clinical-
Trials.gov (NCT01539057). The protocol was approved 
by the institutional review board (IRB) of the lead hos-
pital (University Hospital of Bellvitge, approval number 
AC 033/18) as well as the IRBs of the other participating 
centres (University Hospital of Cruces and Clinic Hospi-
tal of Barcelona). Patients were enrolled if they gave their 
written informed consent.

Patients
All adults who were scheduled for liver transplanta-
tion were assessed for eligibility from 2 August 2019 to 
2 November 2021. Exclusion criteria were low risk for 
intraoperative transfusion (preoperative haemoglo-
bin > 130 g.l−1) or high risk for intraoperative transfusion 
(patients on anticoagulation therapy and with bleeding 
disorders). Also excluded were patients whose indication 

for transplantation was familial polyneuropathy or who 
were undergoing an emergency procedure.

Graft and anaesthesia management, surgery, 
and transfusion protocols
Organ recovery from controlled cardiac-death donors 
met the acceptance criteria established by the Spanish 
Liver Transplantation Society in all centres [8]. Those 
criteria stipulate normothermic regional perfusion in the 
recovery of organs from non-living donors.

The anaesthesia protocol was monitored to ensure con-
sistency and compliance across all the research centres. 
Swan-Ganz catheterization was used for in-procedure 
monitoring, and patients with echocardiographic abnor-
malities at baseline additionally underwent transesopha-
geal echocardiography. Vena cava preservation, with or 
without a portacaval shunt depending on the surgeon’s 
preference, was attempted in all patients. Crystalloid 
fluid replacement (2  mL/kg/h) was used to maintain 
blood volume. Sodium bicarbonate 1/6  M was given to 
maintain pH 7.3. Intravenous calcium was administered 
to keep the plasma calcium ion concentration within the 
ranges of reference stipulated by each hospital’s labora-
tory. Normothermia was maintained. The liver allograft 
was preserved in University of Wisconsin solution.

Prior to reperfusion, the graft was flushed with 
1000 mL Hartmann’s solution at 38 °C to remove air and 
detritus from the wall of the graft’s inferior vena cava. 
Patients were placed in the Trendelenburg position. Next, 
the distal end of the donor’s vena cava was closed with 
a vascular stapler. We used a modified definition of pos-
treperfusion syndrome as outlined by Aggarwal et al.,[9] 
namely, a 30% or more decrease in blood pressure or 
heart rate from baseline for more than 1  min within 
5 min of reperfusion of the liver graft that required addi-
tional compensatory measures such as vasoconstrictor 
drugs or rapid fluid infusion.

Blood product infusion criteria were as follows: 
red blood cells (RBCs) to maintain a haemoglobin 
level of > 80  g.l−1, platelet concentrates if a count fell 
to < [30,000 × 10–9]−1, and intravenous tranexamic acid 
boluses of 500  mg if fibrinolysis (> 15% lysis at 60  min) 
was detected by thromboelastometry for fibrin tissue. 
Cell saver devices were not used. Haemostatic manage-
ment was also guided by thromboelastometry. In case 
of massive bleeding (> 150  ml.min−1), we monitored 
maximum clot firmness by extrinsic thromboelastometry 
amplitude at 10  min. If we detected a value of < 15  mm 
or a clotting time > 300 s, we simultaneously transfused 4 
units of RBCs, 1 g of tranexamic acid, 2 g of fibrinogen 
concentrate, 1 unit of apheresis platelets, and 15 ml.kg−1 
of fresh frozen plasma.
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Weaning process and tracheal extubation
At the end of surgery, a propofol infusion was started to 
ensure sufficient sedation for patients to tolerate the tra-
cheal tube. On arrival to the ICU, the patients were con-
nected to mechanical ventilation with a starting fraction 
of inspired oxygen (FiO2) of 50%, a driving pressure of 
15 cmH2O, and a positive-end expiratory pressure of 5 
cmH2O. Haemodynamic stability was checked by assess-
ing systolic blood pressure (> 110  mm Hg) and heart 
rate (< 100 beats per minute), and when favourable res-
piratory values (oxygen saturation > 95% with FiO2 < 50%) 
were achieved, the propofol infusion was stopped. Once 
patients regained full consciousness and spontaneous 
ventilation was maintained with a respiratory rate < 25 
breaths per minute, normocapnia without acidosis, oxy-
gen saturation > 95% with FiO2 < 50%, and absence of 
bleeding, tracheal extubation was performed.

Primary outcome, other outcomes of interest, and risk 
factors
The primary outcome was the need for mechanical ven-
tilation for more than 24 h, used as a definition of extu-
bation failure. Although postoperative respiratory failure 
has been defined as the need for mechanical ventilation 
for longer than 48 h in a large study of patients undergo-
ing non-cardiac surgery, the study did not include liver 
transplant recipients [10].

Variables considered as possible risk factors included 
recipient and donor characteristics and data collected 
during surgery. Recipient characteristics were age, sex, 
BMI, diabetes mellitus, hypertension, cardiac disease, 
respiratory disease, indication for transplantation, MELD 
score, Child score, hospitalization when the procedure 
was scheduled, haemoglobin and creatinine levels, glo-
merular filtration rate, plasma fibrinogen levels, pro-
thrombin time and the international normalised ratio, 
platelet count, and baseline thromboelastometry profile. 
Donor characteristics were type of donor (after brain or 
cardiac death) and cold ischaemia time. Intraoperative 
data were surgical time; warm ischaemia time; infusions 
of blood components, fibrinogen concentrate, tranexamic 
acid, crystalloid, and albumin; and the development of 
postreperfusion syndrome.

During liver transplantation and in the following 
90 days, we recorded the incidence of intra- and postop-
erative thrombotic events in the graft or legs (assessed by 
Doppler ultrasound), and in the lung (assessed by com-
puted tomography). Reoperations after 24 h or admission 
to the ICU for any cause were also recorded.

The data monitoring committee reviewed all adverse 
events, and an annual safety report was sent to the Span-
ish Agency for Medicines and Medical Products and the 
IRBs that approved the protocol.

Statistical analysis
Descriptive statistics for patients and surgeries were 
expressed as mean (SD) for discrete variables and median 
(IQR) for continuous variables. Categorical variables 
were expressed as number of cases and percentage. Sta-
tistics related to actuarial patient mortality and graft sur-
vival were also compiled.

We used a log-binomial regression model to evaluate 
the associations between the risk factors and prolonged 
mechanical ventilation (> 24 h). Risk was adjusted for age, 
sex, and MELD score based on their positive association 
not only with the outcome (dependent) variable but also 
with other modifiable variables because we detected that 
there was substantial interaction when analysing the data. 
Relative risk and 95% CIs were also calculated. All analy-
ses were performed with the statistical software package 
R, version 4.1.0 for Windows (http://​www.R-​proje​ct.​org, 
The R Foundation).

Results
During the period of the trial, 306 candidates were evalu-
ated, and 93 patients were excluded because their base-
line haemoglobin was > 130  g.l−1. Thirty-one patients 
were excluded for the other criteria listed above. A 
total of 182 patients were enrolled. After 6 procedures 
were cancelled, 176 patients were finally included in the 
analysis.

In 149 patients (84.7%), the trachea was extubated 
early (< 24  h). The remaining 27 patients (15.3%) 
required > 24  h of mechanical ventilation. Nine patients 
in the early extubation group (6.04%) required reopera-
tion. Twelve patients who underwent prolonged mechan-
ical ventilation (44.4% of the 27 patients in that group) 
also required reoperation (p = 0.001).

Patient’s characteristics for all patients and in the two 
assigned groups are shown in Table 1. Diagnoses of cir-
rhosis, partial portal vein thrombosis, plasma sodium and 
creatinine values, MELD scores, and haemoglobin and 
coagulation and thrombelastometry profiles were differ-
ent between the groups. Echocardiographic abnormali-
ties were observed in 16.50% of patients, but there were 
no between-group differences. The preoperative echocar-
diogram indicated some degree of pulmonary hyperten-
sion in 44% of patients with early extubation vs. 22% of 
those requiring prolonged mechanical ventilation. Angi-
ography confirmed the presence of pulmonary hyperten-
sion in two patients in the early extubation group and 
one patient in longer mechanical ventilation group. Base-
line PO2 ≤ 80  mm Hg, was found in 11.4% of patients 
in the early extubation group vs. 15% in the prolonged 
mechanical ventilation group. Some degree of pulmonary 
dysfunction was found in the preoperative computerized 
tomography scans in both groups, with normal function 

http://www.R-project.org
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Table 1  Patient characteristics Data are number (%) or percentage of patients, unless otherwise indicated as mean (SD)a, median 
(IQR)b, or median (range)c

ExTem Extrinsic thromboelastometry for fibrin tissue factor activation, FibTem Thromboelastometry for fibrin tissue, LT Liver transplantation, MCF Maxim clot firmness, 
MELD Model for End-Stage Liver Disease, NASH Nonalcoholic steatohepatitis, PT Prothrombin time, PTT Partial thromboplastin time, PT/INR International normalised 
ratio of PT, RBC Red blood cells, UNOS United network for organ sharing

All
(n = 176, 100%)

MV > 24 h
(n = 27, 15.3%)

MV < 24 h
(n = 149, 84.7%)

Patient characteristics
  Age (years)b 59.0 (55.0–64.2) 60.00 (57.00–65.50) 59.00 (53.0–64.0) 0.403

  Male 79.00% 85.20% 77.85% 0.546

  Female 21.00% 14.80% 22.15

  Weight (kg)a 78.20 (15.0) 78.55 (12.89) 78.11 (15.44) 0.876

  Height (cm)a 169.00 (8.92) 168.81 (8.37) 169.32 (9.05) 0.776

  BMI (kg-m2)a 27.30 (4.68) 27.48 (3.83) 27.22 (4.83) 0.757

Diagnoses and preoperative data
  Indications for LT

    Alcoholic cirrhosis 58.00% 77.78% 54.36% 0.040

    NASH 9.06% 7.41% 9.40% 1

    Hepatocarcinome 9.66% 7.41% 10.70%  > 0.999

    Biliary cirrhosis 7.39% 0% 8.72% 0.223

Other 15.89% 14.81% 17.45%  > 0.999

     Prior abdominal surgery 32.40% 33.33% 32.21%  > 0.999

     Diabetes 33.00% 22.22% 34.90% 0.286

     Partial portal thrombosis 6.82% 18.52% 4.70% 0.022

     Altered echocardiogram 16.50% 14.81% 16.78%  > 0.999

     Pulmonary disease 17.6% 29.63% 15.44% 0.097

     Ascites/pleural effusion 54.00% 66.67% 51.68% 0.219

     Ascites volume (l)b 3400.00 [1500.00–6925.00] 3350.00 [1500.00–6550.00] 3400.00 [1450.00–6925.00]

     Preoperative kidney dysfunction 26.10% 40.74% 23.49% 0.107

     Sodium (mmol.l−1)b 136.00 (131.00–139.00) 132.00 (129.00–136.00) 136.00 (131.00–139.00) 0.042

     Creatinine (mg.kg−1)b 0.94 (0.76–1.22) 1.09 (0.83–1.40) 0.92 (0.75–1.20) 0.063

     MELD scoreb 19.0 (13.0–23.0) 21.00 (17.50–26.50) 18.0 (13–22.0) 0.007

  Child–Pugh score 0.216

    A 15.50% 11.11% 16.33%

    B 33.90% 22.22% 36.05%

    C 50.60% 66.67% 47.62%

  UNOS classification 0.007

    At home 56.25% 37.04% 59.73%

    On ward 34.09% 37.04% 33.56%

    ICU 9.66% 25.93% 6.71%

    Haemoglobin (g.l−1)b 93.00 (84.00–108.00) 92.00 (81.00–109.00) 103.00 (89.00–118.00) 0.019

    Platelet count (× 10–9)−1b 74.00 (52.50–101.00) 68.00 (45.50–84.00) 103.00 (89.00–118.00) 0.123

    PTTb 1.20 (1.06–1.36) 1.30 (1.16–1.53) 1.20 (1.04–1.35) 0.030

    PT/INRb 1.55 (1.33–1.81) 1.77 (1.52–2.24) 1.52 (1.30–1.73) 0.004

    Fibrinogen (g.l−1)b 2.00 (1.31–3.0) 1.54 (1.18–2.01) 2.15 (1.40–3.03) 0.006

ExTem

    Coagulation time (s)b 65.00 (59.00–75.00) 72.00 (62.00–86.50) 64.00 (58.75–73.25) 0.022

    MCF (mm)b 51.00 (43.00–60.00) 72.00 (62.00–86.50) 72.00 (62.00–86.50) 0.020

    Lysisb 0 (0–0) 0 (0–2) 0 (0–0) 0.008

    A10 FibTem MCF (mm)b 11.00 (6.00–16.00) 7.00 (4.50–12.50) 11.00 (7.00–16.00) 0.016
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observed in 32% of those extubated early vs. 44% of those 
requiring mechanical ventilation for longer than 24 h.

Vena cava preservation was achieved in 96% of patients 
in both groups. Intraoperative venovenous bypass 
was used in four patients (three in the early extubation 
group and one in the prolonged mechanical ventilation 
group). A portocaval shunt was used in 65 (35.93%) vs. 12 
patients (44.44%) (p = 0.508).

There were no differences in sociodemographic val-
ues or donor characteristics. Between-group differences 
were also detected in intraoperative data related to cold 
ischaemia time, postreperfusion syndrome, and use of 
tranexamic acid and blood products (Table  2). No dif-
ferences in the use of intraoperative fluid therapy were 
found. However, more fluid therapy was used in the first 
24 h after surgery in the group that required prolongation 
of mechanical ventilation.

In the regression model, age, sex, and donor type were 
not significantly related to prolongation of mechanical 

ventilation. However, MELD scores > 23 were sig-
nificantly more common in patients who could not be 
extubated early. Once the model was adjusted for age, 
sex, MELD score, and donor type, the only variables 
that were significantly different in patients mechanical 
ventilated for > 24 h were the baseline creatinine value, 
the presence of postreperfusion syndrome, and the 
amounts of tranexamic acid and RBCs used (Fig. 1).

The median (IQR) stay in the postoperative ICU was 
3 (2–4) days for patients in the extubation group < 24 h 
vs. 5 (3–10) days for those who required prolonged 
mechanical ventilation (p = 0.001). Eight patients in 
the extubation group (5.52%) were readmitted to the 
ICU. Nearly all of the ICU readmissions were related to 
reoperations. Only one patient (3.7%) in the prolonged-
ventilation group was readmitted. The median length 
of hospital stay was 14 (10–24) days after early extuba-
tion and 25 (14–55) days after prolonged ventilation 
(p = 0.001).

Table 2  Patient surgical data. Data are number (%) or percentage of patients, unless otherwise indicated as mean (SD)a, median (IQR)b, 
or median (range)c

CIT Cold ischaemia time, WIT Warm ischaemia time

All
(n = 176, 100%)

MV > 24 h
(n = 27, 15.3%)

MV < 24 h
(n = 149, 84.7%)

p value

Donor and intraoperative data
  Donor type

    Brain death 68.20% 70.37% 67.90% 0.967

    Cardiac death 31.80% 29.63% 32.21%

    Donor age (years)c 59.00 (18.00–84.00) 58.00 (25.00–84.00) 60.00 (18.00–78.00) 0.89

    Length of surgery (min)b 390.00 (303.00–1436.00) 426.00 (325.00–1455.00) 380.00 (299.00–1430.00) 0.398

    CIT (min)b 373.00 (284.00–445.00) 400.00 (359.00–467.00) 356.00 (278.00–430.00) 0.014

    WIT (min)b 36.00 (26.00–50.00) 35.00 (28.50–45.00) 36.00 (26.00–50.00) 0.738

    Postreperfusion syndrome 46.60% 74.07% 41.61% 0.004

Transfusion During LT
    RBC (units)b 2.00 (0.00–4.00) 3.00 (1.00–5.00) 1.00 (0.00–3.00) 0.001

  RBC infusions 0.001

    0 units 33.50% 7.41% 38.26%

    1–6 units 57.40% 70.37% 55.03%

     > 6 units 9.09% 22.22% 6.71%

    Fresh frozen plasma 12.50% 29.63% 9.40% 0.008

    Apheresis platelets 13.64% 29.63% 10.74% 0.015

    Tranexamic acid 39.20% 62.96% 33.56% 0.007

    Crystalloids (ml)b 2280 (1228–3424) 2200 (1275–35,072) 2280 (1238–3200) 0.608

     Albuminb 67.43% 88.89% 63.51% 0.018

  Transfusion during and 24 h after LT

    RBC (units) 2.50 (0.00–5.00) 4.00 (2.00–7.00) 2.00 (0.00–4.00) 0.001

  RBC infusions 0.001

    0 units 26.10% 3.70% 30.20%

    1–6 units 55.70% 37.04% 95.06%

     > 6 units 18.20% 59.26% 10.74%

    Fluid therapya (ml)b 5234 (4153–7184) 6550 (4860–9055) 4962 (3951–6833) 0.004



Page 6 of 8Caballero et al. BMC Anesthesiology          (2023) 23:356 

Discussion
Our study to identify modifiable preoperative and 
intraoperative risk factors associated with prolonged 
mechanical ventilation (> 24  h) found no relevant pre-
surgical respiratory or cardiac risk factors. Associ-
ated intraoperative variables included blood product 
requirements, postreperfusion syndrome, and the use 
of tranexamic acid. In a recent series, high blood trans-
fusion requirements during liver transplantation were 
significantly associated with the need for prolonged 
mechanical ventilation [11]. Even this association, 
we were unable to include the amount of blood prod-
ucts infused in the relative risk analysis because usage 
was very low in the early-extubated patients, nearly 
all of whom received < 2 units of RBCs. After graft 

reperfusion, the concurrent return of normal splanch-
nic circulation and the washout of preservation solu-
tion from the transplanted liver can lead to the severe 
haemodynamic disturbances of postreperfusion syn-
drome, and these events may in turn lead to major sur-
gical bleeding and high blood product and tranexamic 
acid usage, which were risk factors for prolonged 
mechanical ventilation in our study. This observation is 
consistent with reports from retrospective series. [12, 
13] These findings suggest to us the possibility that pos-
treperfusion syndrome might be prevented by using 
vasopressor support strategies and infusing a bolus 
dose of 500  mg of tranexamic acid prior to graft rep-
erfusion to cut potential fibrinolysis. A controlled trial, 
however, would be required to confirm this hypothesis.

Fig. 1  Relative risk of factors of all factors evaluated for association with prolonged mechanical ventilation (> 24 h) after liver transplantation. 
Upper and lower cut points for variable stratification are shown in parentheses in the first column. A grey square denotes unadjusted relative 
risk (RR); a blue square denotes RR adjusted by MELD score, sex and age. The whiskers indicate the 95% CI. BDD, brain-dead donors. CDD, 
cardiac-death donors. CIT, cold ischaemia time. CT, coagulation time. ExTem, extrinsic thromboelastometry for fibrin tissue factor activation. FibTem, 
thromboelastometry for fibrin tissue. MELD, Model for End-Stage Liver Disease. PT, prothrombin time. WIT, warm ischaemia time
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Severity of liver disease (the preoperative MELD score) 
was the main, but non-modifiable, risk factor for late 
extubation in our series, supporting previously reports [4, 
5]. All the patients requiring prolonged mechanical ven-
tilation in our series, however, had much higher MELD 
scores (> 23). This is in concordance with a recent study, 
where a MELD score of > 22 was associated with longer 
mechanical ventilation [14]. In that study, however, sur-
gical technique (venovenous bypass) was used in 20% of 
patients and was a risk factor for prolonged mechanical 
ventilation, whereas in our study, nearly all patients were 
managed with vena cava preservation, and only in four 
patients (2.27%) a venovenous bypass was required.

Donor type was not associated with prolonged venti-
lation, an unsurprising finding given that normothermic 
and hypothermic oxygenation perfusion machines cur-
rently improve graft viability after procurement. [15]

Once the model was adjusted for MELD score, only 
creatinine level was maintained as a preoperative risk 
factor for prolonged mechanical ventilation. No other 
baseline characteristics such as coagulation or throm-
boelastometry parameters remained relevant. Both, 
hepatopulmonary syndrome and pulmonary hyperten-
sion, were similar distributed in both groups, therefore 
did not influence early extubation.

One study assessed a large number of preoperative 
and intraoperative variables to select patients at risk for 
prolonged mechanical ventilation and developed a risk 
model that used a MELD cutoff of 12 or less in the equa-
tion, [16] indicating a much lower level of severity of liver 
disease than in our series. That model was applied in a 
clinical study to stratify patients for very early extubation. 
[5] However, besides the difference in disease severity 
between patients in our study and these previous ones, 
it is important that they were not designed to seek modi-
fiable factors. In contrast, we generated separate relative 
risk assessments of all factors that could be modified dur-
ing the surgery.

Early extubation was associated with a shorter ICU stay 
in our series overall, but it did not protect against ICU 
readmission. However, second readmissions were mostly 
related to reoperations, underlining the importance of 
careful vigilance of graft response to reperfusion and 
management of complications.

This was a post hoc analysis of a randomised controlled 
trial, where most of the data related to intraoperative 
homeostasis and haemostasis management. This is a 
possible limitation of our study. The main limitation of 
this study is related to the exclusion of 93 patients who 
were at low risk for transfusion (baseline haemoglo-
bin levels > 130  g.l−1). These exclusions were necessary 
for the randomised controlled trial which provided the 
data [7]. However, the excluded patients also had also 

low MELD scores, whereas the median MELD score in 
patients included in our trial was 19, which is common 
in the majority of patients on waiting for liver grafts in 
European registries [17]. Strengths of the study are the 
participation of three hospitals with high volumes of liver 
transplantation, prospective data collection, on-time 
compliance with the short patient recruitment period in 
spite of the SARS-CoV-2 pandemic, high adherence to 
protocols, and the monitoring of data quality by an inde-
pendent committee.

We conclude that a MELD score > 23, bleeding, and 
postreperfusion syndrome are the main factors associ-
ated with prolonged mechanical ventilation and longer 
ICU stays. Only intraoperative bleeding and postreper-
fusion syndrome allow for modifiable interventions. Our 
hypothesis would therefore be that to improve outcomes 
we should design trials to explore vasopressor support 
strategies and interventions to prevent potential fibrinol-
ysis prior to reperfusion.

Abbreviations
CIT	� Cold ischaemia time
ExTem	� Extrinsic thromboelastometry for fibrin tissue factor activation
FibTem	� Thromboelastometry for fibrin tissue
LT	� Liver transplantation
MCF	� Maxim clot firmness
MELD	� Model for end-stage liver disease
NASH	� Nonalcoholic steatohepatitis
PT	� Prothrombin time
PTT	� Partial thromboplastin time
PT/INR	� International normalised ratio of PT
RBC	� Red blood cells
UNOS	� United network for organ sharing
WIT	� Warm ischaemia time

Acknowledgements
We acknowledge Mary Ellen Kerans for advising on edits for some versions 
of the manuscript. The trial was registered in the European Clinical Trials 
Database (EudraCT 2018-002510-13,) and on ClinicalTrials.gov (NCT01539057). 
We also acknowledge the help of Mireia Sanllorente and Pilar Hereu, who 
were project managers for the study; funding for their work was covered by 
the SCReN Platform. We also thank the CERCA Programme of the Autonomous 
Government of Catalonia (Generalitat de Catalunya) for institutional support.

Authors’ contributions
A S, M C, A B: literature search, figures, study design, data collection, data 
analysis, data interpretation, funding acquisition, writing the original draft, and 
making subsequent revisions. L P, J V, E R, R G,G C: literature search, data col-
lection, data interpretation, and approval of the manuscript. J P: Statistic Plan, 
data analysis, data interpretation.

Funding
This study was funded by the Instituto de Salud Carlos III through the project 
PI17/00743. CSL Behring provided the fibrinogen concentrate. The funders 
had no role in the study design, data collection, data analysis, data interpre-
tation, or writing of the report. Data quality monitoring was funded by the 
Spanish Clinical Research Network-UICEC (SCReN) of the Bellvitge Biomedical 
Research Institute (IDIBELL), Platform SCReN PT17/0017/0010, PT20/000008, 
State Plan 2020–2017 and EECTI 2021–2027).

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.



Page 8 of 8Caballero et al. BMC Anesthesiology          (2023) 23:356 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Declarations

Ethics approval and consent to participate
The protocol was approved by the institutional review board (IRB) of the lead 
hospital (University Hospital of Bellvitge, approval number AC 033/18) as well 
as the IRBs of the other participating centres (University Hospital of Cruces and 
Clinic Hospital of Barcelona). Patients were enrolled if they gave their written 
informed consent.

Consent for publications
The manuscript does not contain any individual data.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Anaesthesiology, University Hospital of Bellvitge, University 
of Barcelona Health Campus, IDIBELL, Barcelona, Spain. 2 Department of Anaes-
thesiology, Clinic Hospital, University of Barcelona Health Campus, IDIBAPS, 
Barcelona, Spain. 3 Department of Hepatology, Hospital Clínic, Barcelona, 
IDIBAPS, Spain. 4 Department of Anaesthesiology, University Hospital of Cruces, 
Bilbao, Spain. 5 Department of Hepatology, Liver Transplant Unit, Hospital 
Clínic, Barcelona; University of Barcelona; IDIBAPS; CIBERehd, Barcelona, Spain. 
6 Biostatistics Unit (UBiDi), University of Barcelona Health Campus, IDIBELL, 
Barcelona, Spain. 

Received: 31 July 2023   Accepted: 24 October 2023

References
	1.	 Mandell MS, Lezotte D, Kam I, Zamudio S. Reduced use of intensive care 

after liver transplantation: influence of early extubation. Liver Transpl. 
2002;8:676–81. https://​doi.​org/​10.​1053/​jlts.​2002.​34379.

	2.	 Steadman RH. Con: Immediate extubation for liver transplant. J Cardio-
thorac Vasc Anesth. 2007;21:756–7. https://​doi.​org/​10.​1053/j.​jvca.​2007.​07.​
003.

	3.	 Findlay JY, Janowski CJ, Vasdev GM, Chantigian RC, Gali B, Kamathet GS, 
et al. Fast track anesthesia for liver transplantation reduces postoperative 
ventilation time but not intensive care unit stay. Liver Transpl. 2002;8:670–
5. https://​doi.​org/​10.​1053/​jlts.​2002.​34678.

	4.	 Glanemann M, Hoffmeister R, Neumann U, Spinelli A, Langrehr JM, Kaiser-
set U, et al. Fast tracking in liver transplantation: which patient benefits 
from this approach? Transplant Proc. 2007;39:535–6. https://​doi.​org/​10.​
1016/j.​trans​proce​ed.​2006.​12.​013.

	5.	 Biancofiore G, Bindi ML, Romanelli, Boldrini A, Bisà M, Esposito M, et al. 
Fast track in liver transplantation: 5 years’ experience. Eur J Anaesthesiol. 
2005;22:584–590. https://​doi.​org/​10.​1017/​s0265​02150​50009​80.

	6.	 Haque ME, Badenoch AD, Orlov D, Selzner M, McCluskey SA. Predict-
ing early extubation after liver transplantation: external validation and 
improved generalizability of a proposed fast-track score. Transplantation. 
2021;105:2029–36. https://​doi.​org/​10.​1097/​TP.​00000​00000​003452.

	7.	 Kwong A, Kim WR, Lake JR, Smith JM, Schladt DP, Skeans MA, et al. OPTN/
SRTR 2018 annual data report: liver scientific register of transplant recipi-
ents. Am J Transplant. 2020;20(s1):193–299. https://​doi.​org/​10.​1111/​ajt.​
15674.

	8.	 Caballero M, Sabate A, Gutierrez R, Beltran J, Pérez L, Pujol R, et al. Blood 
component requirements in liver transplantation: effect of two throm-
boelastometry-guided strategies for bolus fibrinogen infusion — the 
TROMBOFIB randomized trial. J Thrombosis Haemostasis. 2023;21:37–46. 
https://​doi.​org/​10.​1016/j.​jtha.​2022.​10.​025.

	9.	 Hessheimer AJ, Gastaca M, Minambres E, Colmenero J, Fondevila C, in 
representation of the SETH Working Group on DCDet al.Donation after 
circulatory death liver transplantation: consensus statements from the 
Spanish Liver Transplantation Society. Transpl Int. 2020;33: 902–916, 
https://​doi.​org/​10.​1111/​TRI.​13619.

	10.	 Aggarwal S, Kang Y, Freeman JA, Fortunato FL, Pinsky MR. Postreperfusion 
syndrome: cardiovascular collapse following hepatic reperfusion during 
liver transplantation. Transplant Proc. 1987;19(4 suppl. 319):54–5.

	11.	 Arozullah AM, Daley J, Henderson WG,. Khuri SK, for the National Veterans 
Administration Surgical Quality Improvement Program. Multifactorial risk 
index for predicting postoperative respiratory failure in men after major 
noncardiac surgery. Ann. Surg. 2000; 232: 242–253. https://​doi.​org/​10.​
1097/​00000​658-​20000​8000-​00015.

	12.	 Teofili L, Valentini C.G, Aceto P, Bartolo M, Sollazi L, Agnes, et al. High 
intraoperative blood product requirements in liver transplantation:risk 
factors and impact on the outcome. European Review for Medical and 
Pharmacological Sciences 2022; 26: 64–75. https://​doi.​org/​10.​26355/​
eurrev_​202201_​27749.

	13.	 Hilmi I, Planinsic R, Sakai T, Nicolau-Raducu R, DamienD, Gligor S, et al. 
The impact of post-reperfusion syndrome on short-term patient and liver 
allograft outcome in patients undergoing orthotopic liver transplanta-
tion. Liver Transpl 2008; 14: 504–508. https://​doi.​org/​10.​1002/​lt.​21381

	14.	 Bukowicka B, Akar RA, Olszewska A, Smoter P, Krawczyk M. The occur-
rence of postreperfusion syndrome in orthotopic liver transplantation 
and its significance in terms of complications and short-term survival. 
Ann Transplant. 2011;16:26–30. https://​doi.​org/​10.​3390/​jcm11​247381.

	15.	 Avolio AW, Gaspari R, TeofiliI L, Bianco G, Spinazzola G, Soave PM, et al. 
Postoperative respiratory failure in liver transplantation: Risk factors and 
effect on prognosis. PLoS ONE 14(2): e0211678. https://​doi.​org/​10.​1371/​
journ​al.​pone.​02116​78

	16.	 Schlegel A, Muller X, Kalisvaart M, Muellhaupt B, Perera MP, Isaac JR, 
et al. Outcomes of DCD liver transplantation using organs treated by 
hypothermic oxygenated perfusion before implantation. J Hepatol. 
2019;70:50–7. https://​doi.​org/​10.​1016/j.​jhep.​2018.​10.​005.

	17.	 Bulatao IG, Heckman MG, Rawal B, Aniskevich S, Shine TS, Keaveny AP, 
et al. Avoiding stay in the intensive care unit after liver transplantation: 
a score to assign location of care. Am J Transplant. 2014;14:2088–96. 
https://​doi.​org/​10.​1111/​ajt.​12796.

	18.	 Müller Ph, Kabacam G, Vibert E, Germani G, Petrowsky H. Current status of 
liver transplantation in Europe. Int J Surg. 2020;82S:22–9. https://​doi.​org/​
10.​1016/j.​ijsu.​2020.​05.​062.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1053/jlts.2002.34379
https://doi.org/10.1053/j.jvca.2007.07.003
https://doi.org/10.1053/j.jvca.2007.07.003
https://doi.org/10.1053/jlts.2002.34678
https://doi.org/10.1016/j.transproceed.2006.12.013
https://doi.org/10.1016/j.transproceed.2006.12.013
https://doi.org/10.1017/s0265021505000980
https://doi.org/10.1097/TP.0000000000003452
https://doi.org/10.1111/ajt.15674
https://doi.org/10.1111/ajt.15674
https://doi.org/10.1016/j.jtha.2022.10.025
https://doi.org/10.1111/TRI.13619
https://doi.org/10.1097/00000658-200008000-00015
https://doi.org/10.1097/00000658-200008000-00015
https://doi.org/10.26355/eurrev_202201_27749
https://doi.org/10.26355/eurrev_202201_27749
https://doi.org/10.1002/lt.21381
https://doi.org/10.3390/jcm11247381
https://doi.org/10.1371/journal.pone.0211678
https://doi.org/10.1371/journal.pone.0211678
https://doi.org/10.1016/j.jhep.2018.10.005
https://doi.org/10.1111/ajt.12796
https://doi.org/10.1016/j.ijsu.2020.05.062
https://doi.org/10.1016/j.ijsu.2020.05.062

	Factors associated with mechanical ventilation longer than 24 h after liver transplantation in patients at risk for bleeding
	Abstract 
	Background 
	Methods 
	Results 

	Background
	Methods
	Patients
	Graft and anaesthesia management, surgery, and transfusion protocols
	Weaning process and tracheal extubation
	Primary outcome, other outcomes of interest, and risk factors
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


