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ARTICLE INFO ABSTRACT

Keywords: Background: Although step-down emergence and extubation are universally practiced after liver
TOtal'il?tra"em’us %ﬂeStheSia transplantation (LT), prolonged mechanical ventilation and positive end-expiratory pressure may
Immediate extubation enhance predisposition to ventilator-associated complications and may be associated with inferior
Balanced anesthesia outcomes,

Liver transplantation
Postoperative infection
Retrospective

Methods: We screened 339 patients who underwent LT in this retrospective cohort study. After
propensity score matching, 35 patients in Group F (total intravenous-based immediate extuba-
tion, TIIE) and 107 patients in Group C (balanced anesthesia with step-down extubation) with
balanced and comparable pre- and intraoperative profiles were selected for analysis. Patients in
Group F received propofol- and remifentanil-based total intravenous anesthesia, followed by
immediate tracheal extubation. Patients in Group C received sevoflurane-based balanced anes-
thesia and were step-down extubated in the intensive care unit. The primary outcomes were
postoperative respiratory support time and length of postoperative ICU stay. Other postoperative
outcomes were compared between the two groups.

Results: Group F had significantly shorter postoperative respiratory support time than Group C
(median, 0.08 vs 17 h; P < 0.001). The duration of postoperative intensive unit care stay in Group
F was significantly shorter than that in Group C (mean, 5.84 vs 7.08 days; P = 0.019). Group F
had a lower incidence of bacterial infection (20.0 % vs 42.1 %; P = 0.019) than Group C. No
significant differences in continuous renal replacement therapy use (2.86 % vs 13.08 %; odds
ratio, 0.195; P = 0.088), early mortality rate, percentage reduction of bilirubin, the incidence of
exploratory laparotomy, pneumonia, or thrombosis were observed between groups.

Conclusion: TIIE is safe, effective, and associated with a lower incidence of postoperative bacterial
infection.
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1. Introduction

Liver transplantation (LT) is the treatment of choice for end-stage liver disease, including metabolic liver disease, acute or chronic
liver failure, and hepatocellular carcinoma [1]. The number of LTs has increased over the last 20 years, and anesthesia techniques have
evolved [2,3]. Conventionally, the protocol for step-down emergence and extubation after a period of ventilation support is recom-
mended following general anesthesia in LT. This approach is widely adopted not only because of the evident surgical stress, significant
volume replacement, and inner environment disturbance resulting from the operation but also because of the presence of multiple
pre-existing organ dysfunctions in the population [4]. However, prolonged mechanical ventilation and positive end-expiratory
pressure after surgery may enhance predisposition to ventilator-associated complications. Although controversial, mechanical
ventilation could potentially reduce cardiac output, affect venous outflow, and impact liver function recovery, which is critical in LT
[5,6]. In contrast, studies have demonstrated that early extubation not only enhances comfort, decreases intrathoracic pressure, and
reduces pulmonary complications but also reduces hospitalization costs; prolonged ventilator support, along with the treatment of
ventilator-related complications, accounts for a substantial proportion of the overall cost [7-9]. Therefore, fast-track anesthesia and
care steps have been tentatively implemented in some centers. In addition to the economic advantages, fast-track anesthesia also
suggests potential clinical benefits postoperatively [10,11].

Anesthetic agents and management affect patient outcomes [12]. Inhalational anesthetics are suggested to be associated with more
postoperative stress than intravenous anesthetics, and postoperative stress is considered a key factor in provoking systemic inflam-
mation and immunosuppression [13-15]. Conversely, in total intravenous anesthesia, the depth of sedation can be monitored more
easily, and the recovery profile of cognitive function is superior to that of inhalational anesthetic-based balanced anesthesia [16].
Additionally, total intravenous anesthesia has been reported to decrease postoperative nausea and vomiting, shorten the time to
discharge, and potentially offer benefits in terms of tumor recurrence [17,18].

Fast-track anesthesia and immediate extubation were introduced at the turn of this century and have since been widely practiced in
cardiac surgery [19-21]. However, the management of immediate extubation is much more meticulous and team-involved in LT
[22-24]. To date, few studies have investigated the effect of total intravenous-based immediate extubation (TIIE) on patient outcomes
in LT [25]. The present study aimed to compare the safety and efficacy of TIIE and balanced anesthesia for LT. Therefore, we
investigated the postoperative outcomes of patients who received TIIE and balanced anesthesia with step-down extubation to compare
the safety and efficacy of adult LT.

2. Methods
2.1. Study cohort

2.1.1. Ethical considerations
This study was approved by the Ethics Committee of our hospital (No. 2022-891) and adhered to the Declaration of Helsinki. The
requirement for informed consent was waived because of the retrospective study design.

2.2. Inclusion and exclusion criteria

The inclusion criteria were as follows: 1) adult patients aged 18-80 years, 2) patients who underwent LT, and 3) transplant sur-
geons and anesthesiologists with at least five years of experience in LT. The clinical exclusion criteria included preoperative hepatic
encephalopathy (West Haven criteria > II).

2.3. Clinical data

We retrospectively analyzed the data of 339 adult patients who underwent LT at our institution between July 2017 and September
2022. The patients were divided into two groups according to the type of anesthesia they received: Group F (TIIE; 38 patients) and
Group C (balanced anesthesia with step-down extubation; 301 patients). All patients were diagnosed with end-stage liver disease.
Preoperative clinical data, including sex, age, etiology of liver disease, comorbidity (diabetes mellitus, hypertension), body mass index
(BMI), American Society of Anesthesiologists (ASA) classification, model for end-stage liver disease (MELD) score, partial pressure of
arterial oxygen/fraction of inspired oxygen (PO,/FiO3), and partial pressure of arterial carbon dioxide (PCO3), were recorded in both
groups. The MELD score was calculated using the following formula: [0.957 x log e (creatinine mg/dL) + 0.378 x log e (bilirubin mg/
dL) + 1.120 x log e (INR) + 0.643] x 10 + 0.64 x (biliary or alcoholic 0, others 1).

Intraoperative factors, including propofol dosage, duration of surgery, duration of anesthesia, total amount of transfusion during
surgery (including packed red blood cells, fresh frozen plasma, and fluid), intraoperative autologous blood transfusion volume, blood
loss, hourly urine output, blood pH at the end of surgery (EOS), and EOS lactate concentration, were recorded in both groups.

The primary outcomes were postoperative respiratory support time and postoperative intensive care unit (ICU) stay. Other post-
operative outcomes included the duration of hospitalization, hospitalization costs, percentage reduction of bilirubin seven days after
surgery, incidence of early mortality, bacterial infection, continuous renal replacement therapy (CRRT) use, pneumonia, thrombosis,
and exploratory laparotomy during postoperative hospitalization. The total hospitalization costs included intra- and postoperative
costs, ICU stay, and treatment complications. The percentage reduction in bilirubin level 7 days after surgery was calculated as follows:

Percentage reduction in bilirubin 7 days after surgery = (postoperative bilirubin peak level - bilirubin level at 7 days after surgery)/
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postoperative bilirubin peak level.

Early mortality was defined as in-hospital all-cause mortality within the first 30 days of hospitalization. Postoperative bacterial
infections included pulmonary and bloodstream infections. According to previous reports, bacterial infections were defined as a
positive culture of a pathogenic microorganism in any sample [26], which includes blood-borne, respiratory, or other-oriented
infections.

2.4. Anesthesia procedure and pain management

All patients underwent orthotopic liver transplantation (piggyback or classic) under general anesthesia. Prophylactic anti-infective
treatment before and after the operation was administered in all the patients. Cephalosporin and penicillin were used as antibiotics.

Standard monitoring, including a 5-lead electrocardiogram, invasive blood pressure, bispectral index (BIS), temperature, and
oxygen saturation, was performed for all patients. Patients in Group F received etomidate (0.3 mg/kg) and fentanyl (5 pg/kg). Tracheal
intubation was performed with rocuronium (0.9 mg/kg). Patients in Group C received etomidate (0.3 mg/kg) combined with fentanyl
(5 pg/kg) or sufentanyl (0.5 pg/kg). Tracheal intubation was performed with rocuronium (0.9 mg/kg) or vecuronium (0.15 mg/kg).
After tracheal intubation, a central line catheter was placed through the internal jugular vein for hemodynamic monitoring and rapid
infusion, and the second radial artery was cannulated for blood sampling. Under a 50 %-70 % oxygen/air mixture, mechanical
ventilation was controlled in the partial pressure of the end-tidal CO; range of 30-35 mmHg, with a tidal volume of 8-10 mL/kg and a
respiratory rate of 10-14 breaths/min. Anesthesia in Group F was maintained with propofol (starting at 5-6 mg/kg/h), remifentanil
(0.2-0.4 pg/kg/min), and cis-atracurium (0.06-0.12 mg/kg/h) infusion, while in Group C, which consisted of inhaled sevoflurane
(1-1.5 %) and propofol infusion, supported by remifentanil infusion (0.1-0.3 pg/kg/min) or intermittent fentanyl (2 pg/kg) and
sufentanyl (0.2 pg/kg) injection and a muscle relaxant (cis-atracurium, [0.06-0.12 mg/kg/h]). Anesthetic management was performed
according to clinical judgment and institutional care standards such that a targeted BIS of 40-60 was maintained. Packed red blood
cells were administered to maintain the hematocrit between 25 % and 30 %. Freshly frozen plasma, cryoprecipitates, and platelets
were transfused to improve intraoperative coagulopathy under thromboelastography guidance and laboratory coagulation parame-
ters. Norepinephrine (0.1-0.5 pg/kg/min) and/or epinephrine (0.1-0.5 pg/kg/min) were infused to maintain hemodynamic stability
after caval clamping. Calcium chloride was administered when the serum calcium levels dropped to <80 % of the normal lower limit.
Sodium bicarbonate was administered when the serum base excess was below —6. After caval unclamping and liver reperfusion,
fibrinogen and prothrombin complexes were administered based on the laboratory parameters and clinical judgment.

Immediate extubation was defined as tracheal extubation in the operating room within 20 min after surgery. The attending
anesthesiologist decided to extubate after consulting with the surgeons toward the end of the surgery. The criteria for extubation were
as follows [27]: recovery of consciousness; compliance with verbal commands; tidal volume, >6 mL/kg; respiratory rate, 10-18/min;
partial pressure of end-tidal CO2, <50 mm Hg; oxygen saturation, >95 % (with FiO < 40 %); hemodynamic stability; normothermia;
reversal of neuromuscular blockade by neostigmine (0.05 mg/kg); and adequate hemostasis in the surgical field. The patients were
subsequently transferred to the ICU for further care.

All patients in Group F were incisionally infiltrated with 0.375 % ropivacaine, and long-acting opioids, including fentanyl and
tramadol, were administered for postoperative analgesia. All patients received patient-controlled analgesia with sufentanyl or oxy-
codone. Awake patients were closely monitored and evaluated for postoperative pain status using the numerical rating scale (NRS). If
analgesia is inadequate (NRS >4), 50-100 mg of tramadol will be administered for rescue analgesia.

Patients without plans for immediate extubation or those who failed to fulfill the extubation criteria were transferred to the ICU for
mechanical ventilation support. The sedation protocol and weaning from mechanical ventilation were performed in the ICU at the
discretion of the attending physician.

2.5. Statistical analysis

All statistical analyses were performed using the SPSS software version 22.0. Propensity score matching (PSM) analysis was used to
eliminate selection bias between the two groups. In the PSM analysis, the following variables were considered potential confounders
between the groups and were adjusted for age, blood loss, hourly urine output, and EOS pH. Propensity scores were calculated by
bivariate logistic regression using a 1:4 ratio matching with a caliper width of 0.2 based on the nearest-neighbor matching method
without replacement. PSM revealed that the relevant preoperative and intraoperative clinical factors were well-balanced. Multivar-
iable logistic regression analysis was performed to determine the association between perioperative factors and hospitalization costs.
The one-sample Kolmogorov-Smirnov test was used to determine the normality of the continuous variable distributions. Continuous
variables with a normal distribution are presented as mean =+ standard deviation (SD), and non-normal variables are presented as
medians (interquartile range [IQR]). An independent t-test was used to evaluate differences between normally distributed continuous
variables. Values greater than the upper quartile +1.5 times the interquartile spacing or less than the lower quartile - 1.5 times the
interquartile spacing were defined as outliers. Continuous variables with a non-normal distribution were compared using the Man-
n-Whitney U test. For categorical variables, frequencies were compared using the Pearson y? test or Fisher exact test. Statistical
significance was set at P < 0.05. PASS software version 2021 was used to calculate the actual power.

3. Results

Forty-five of the 384 patients who were assessed for eligibility between July 2017 and September 2022 were excluded from the
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study because of severe encephalopathy. In total, 339 adult patients were enrolled in this study. Thirty-eight patients were allocated to
Group F (received TIIE), and 301 were allocated to Group C (balanced anesthesia with step-down extubation) (Fig. 1).

Baseline parameters, including age (median, 50.0 vs 55.0; P = 0.010), blood loss (median, 1500 vs 1000; P = 0.029), hourly urine
output (median, 333 vs 1963; P < 0.001), and EOS pH (median, 7.419 vs 7.385; P = 0.007), were heterogeneous between the groups.
Therefore, PSM was conducted. After PSM, 35 patients in Group F were matched with 107 patients in Group C. All characteristics were
well-matched in the PSM cohort (Table 1).

There was no significant difference in prophylactic anti-infective treatment between the two groups (Supplementary Table 1). The
dosage of propofol used in Group F was significantly higher than that used in Group C (mean, 2371 vs 1995 mg; P = 0.02, Supple-
mentary Table 2). Group F had significantly shorter postoperative respiratory support time than Group C (median, 0.08 vs 17 h; P <
0.001). The difference in postoperative ICU stay was significant between the two groups (mean, 5.84 vs 7.08; P = 0.019) after
excluding three outliers in Group F (14, 14, and 23 days) and three outliers in Group C (17, 21, and 32 days). The incidence of bacterial
infection was significantly lower in Group F than in Group C (20.0 % vs 42.1 %; odds ratio (OR), 0.344; 95 % confidence interval (CI),
0.183-0.858; P = 0.019). However, CRRT use (2.9 % vs 13.1 %; OR, 0.195; 95 % CI, 0.025-1.543; P = 0.088) was slightly lower in
Group F than in Group C. The duration of postoperative hospitalization (median, 23 vs 25 days; P = 0.194) was slightly shorter, and
hospitalization costs (mean, 243, 979 vs 275, 429 RMB; P = 0.294) were slightly lower in Group F than in Group C. The percentage
reduction in bilirubin 7 days after surgery (median, 56 % vs 52 %; P > 0.05), the incidence of early mortality (2.86 % vs 1.87 %; P >
0.05), pneumonia (20 % vs 32.7 %; P > 0.05), thrombosis (5.7 % vs 8.4 %; P > 0.05), and exploratory laparotomy (8.6 % vs 10.3 %; P
> 0.05) were similar in both groups (Table 2).

Multivariable logistic regression analysis was performed to determine the effects of perioperative factors, including patient age,
duration of surgery, blood loss, hourly urine output, EOS pH, duration of postoperative ICU stay, and hospitalization costs. The analysis
revealed that linear regression was effective (R? = 0.183) and that a longer ICU stay was associated with a significant increase in
hospitalization costs (P < 0.001) (Table 3).

4. Discussion

In this study, potential confounding factors for PSM were selected according to previous reports [28-32]. After matching, the
parameters were statistically balanced in terms of age, comorbidities, body mass index (BMI), MELD score, preoperative PO2/FiOa,
PCO», duration of surgery, intraoperative blood product transfusion, blood loss, hourly urine output, and EOS pH. No significant
differences were observed in these factors between the two groups. Therefore, the data on postoperative outcomes were comparable.

In our study, in addition to the expected natural results of immediate extubation, such as a significant reduction in the duration of
postoperative respiratory support and a significant reduction in ICU stay, the incidence of bacterial infection was also significantly
lower (20.0 % vs 42.1 %, P = 0.019) in Group F than in Group C. The incidence of CRRT use decreased by 78 % in Group F compared to
that in Group C (2.9 % vs 13.1 %), although the difference was not statistically significant. The duration of hospitalization was shorter,
and hospitalization costs were also lower in Group F than in Group C (8 % and 11.4 % reduction, respectively), suggesting that the TIIE
bundle may exhibit economic advantages over conventional balanced anesthesia. Multivariable logistic regression analysis showed a

384 patients underwent liver transplantation (2017-2022)

45 encephalopathy (West-Haven

criteria Ill or IV) were excluded

339 patients were were enrolled in this study

38 total-intravenous immediate extubation 301 balanced anesthesia with step-down extubation

J

propensity score matching: 1:4

35 total-intravenous immediate extubation 107 balanced anesthesia with step-down extubation

Fig. 1. Study flow-chart.
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Table 1
Preoperative data and intraoperative parameters of two groups.
Variables Before PSM After PSM
Group F Group C P Group F Group C P
n = 38 (%) n = 301 (%) n = 35 (%) n =107 (%)
Sex
Female 7 (18.4) 61 (20.3) 0.884 6 (17.1) 23 (21.5) 0.579
31 (81.6) 240 (79.7) 29 (82.9) 84 (78.5)
Male
Etiology
Cirrhosis 19 (50.0) 166 (55.1) 0.082 17 (48.6) 58 (54.2) 0.302
9 (23.6) 95 (31.6) 9(25.7) 31 (29.0)
Cirrhosis complicated with liver cancer
Liver cancer 8 (21.1) 21 (7.0) 7 (20.0) 9(8.4)
Acute liver failure 2(5.3) 19 (6.3) 2(5.7) 9(8.4)
Comorbidity
Diabetes mellitus 3(7.9 40 (13.3) 0.381 3 (8.6) 13 (12.1) 0.561
4(10.5) 45 (15.0) 0.477 4(11.49) 14 (13.1) 0.798
Hypertension
ASA classification
11 31 (81.6) 223 (74.1) 0.230 28 (80.0) 79 (73.8) 0.457
6 (15.8) 76 (25.2) 6(17.1) 27 (25.2)
v
\4 1 (2.6) 2(0.7) 1(2.9 1(1)
BMI, kg/m2 22.3(3.14) 22.7 (3.36) 0.481 22.3 (2.93) 22.6 (3.19) 0.611
Mean (SD)
50 (18.5) 55 (13.5) 0.010 51 (19) 51 (15) 0.624
Age (y)
Median (IQR)
MELD score Median (IQR) 10.8(12.58) 12.9(13.3) 0.174 11(12) 12.5(14) 0.527
353 (103) 333 (88) 0.132 353 (101) 325 (82) 0.066

Operation duration (min)
Median (IQR)

395 (98) 377 (94) 0.113 395 (92) 365 (92) 0.098
Anesthesia duration (min)
Median (IQR)
5240 (1733) 5317.7 (2270) 0.503 5210 (1740) 5330 (2340) 0.751
Total amount of transfusion (mL)
Median (IQR)
800 (1200) 900 (1546) 0.965 800 (1200) 1100 (1600) 0.941
Packed red blood cell (mL)
Median (IQR)
1260 (713) 1340 (815) 0.877 1260 (750) 1400 (730) 0.923
Fresh frozen plasma (mL)
Median (IQR)
0 (300) 0 (112.5) 0.295 0 (300) 0 (250) 0.584
Autologous blood transfusion volume (mL)
Median (IQR)
1500 (1000) 1000 (973) 0.029 1500 (1000) 1000 (1200) 0.072
blood loss (mL)
Median (IQR)
333 (258) 193 (163) <0.001 329 (257) 281 (207) 0.168
Hourly urine output (mL/h)
Median (IQR)
7.419 (0.096) 7.385 (0.090) 0.007 7.41 (0) 7.4 (0) 0.210
EOS Ph
Median (IQR)
3.75 (3.4) 3.9 (3.5) 0.776 3.5 3.6 (3) 0.696
EOS lactate
Median (IQR)
450 (78) 438 (110) 0.099 454 (80) 445 (107) 0.282
PO,/FiO, (SD)
34.7 (5.3) 34.6 (6.0) 0.897 35.0 (5.2) 34.4 (4.7) 0.519

PCO,, (SD)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; EOS, end-of-surgery; MELD, model for end-stage liver disease; POo,
partial pressure of oxygen; FiO,, fraction of inspired oxygen; PCO,, partial pressure of carbon dioxide.

significant linear correlation between the duration of ICU stay and hospitalization costs, indicating that the use of TIIE in LT improves
resource utilization. Lastly, no increase in the incidence of early mortality, exploratory laparotomy, pneumonia, or thrombosis was
observed in Group F, indicating that total TIIE is safe and effective during adult LT.
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Table 2
The postoperative outcomes of the two groups.
Variables Group F Group C Odds Ratio (95%CI) P Power
n = 35 (%) n =107 (%)
Respiratory support time (h) 0.08 (0) 17 (10) / <0.001 1.0
Median (IQR)
ICU stay (d) 5.84 (2.35) 7.08 (3.15) / 0.019 0.79
Mean (SD)
Postoperative hospital stays (d) 23 (9) 25(12) / 0.194 0.27
Median (IQR)
Hospitalization costs (RMB) mean (SD) 243979 (91481) 275429 (168243) / 0.294 0.40
Bacterial infection 7 (20) 45 (42.1) 0.344 (0.183-0.858) 0.019 0.71
CRRT use 1(2.9) 14 (13.1) 0.195 (0.025-1.543) 0.088 0.36
Percentage reduction of bilirubin 7 days after surgery (%) 52 (65) 56 (48) / 0.804 0.09
Median (IQR)
Early mortality 1(2.86) 2(1.87) 1.544 (0.136-17.564) 0.724 0.05
Pneumonia 7 (20) 35(32.7) 0.514 (0.205-1.292) 0.153 0.31
Thrombosis 2(5.7) 9(8.4) 0.660 (0.136-3.211) 0.604 0.05
Exploratory laparotomy 3(8.6) 11 (10.3) 0.818 (0.215-3.188) 0.768 0.04
Abbreviations: CI, confidence interval; CRRT, continuous renal replacement therapy; ICU, intensive care unit.
Table 3
Multivariable logistic regression analysis of hospitalization costs by perioperative factors.
R R? Durbin-Watson
0.428 0.183 2.04
Denormalization coefficient Standardization coefficient T P
beta Standard error Beta
ICU stay (d) 12651 2929 0.347 4.319 0.000
—142 172 —0.075 —0.823 0.412
Operation duration (min)
18.4 10.2 0.164 1.798 0.074
Bleeding volume (mL)
—158805 226220 —0.059 —0.702 0.484
EOS pH
1535 1132 0.11 1.356 0.177
Age (y)
41.4 89.5 0.038 0.462 0.645

Hourly urine output (mL/h)

Abbreviations: CRRT, continuous renal replacement therapy; EOS, end of surgery; ICU, intensive care unit.

Prolonged mechanical ventilation has been consistently associated with an increased incidence of adverse events [33,34]. A longer
duration of intubation has been associated with ICU admission, which may lead to the occurrence of ventilation-associated pneumonia
and increase the risk of nosocomial infections [35-38]. Furthermore, positive pressure ventilation, particularly with positive
end-expiratory pressure, may reduce cardiac output and splanchnic blood flow, potentially affecting graft liver function recovery [6,
39]. Our results revealed no significant effect of immediate extubation on the reduction of bilirubin levels after surgery, suggesting that
total TIIE has no obvious effect on graft function. Lastly, reducing the duration of ICU stay is considered crucial for improving
prognosis, as long-term ICU stay may result in sustained physical, cognitive, and/or mental health impairments [22,40,41]. Therefore,
early extubation provides clinical benefits in the management of patients undergoing LT.

The quality of emergence after general anesthesia significantly influences the feasibility of immediate extubation. In the early
postoperative stage, patients anesthetized with propofol tend to emerge clear-headed, whereas those administered volatile anesthetics
are sometimes confused, which may greatly jeopardize immediate extubation after major surgeries [17]. Therefore, to obtain a
clear-headed emergence, in the current study, Group F received total intravenous anesthesia with propofol and remifentanil. All
patients in Group F fully regained consciousness, demonstrated compliance with verbal instructions, and exhibited no signs of
agitation or delirium. This outcome underscores the reliability of fast-track anesthesia in this context.

Postoperative infection is an important factor affecting survival rates after LT transplantation, with total intravenous anesthesia
showing potential benefits over conventional balanced anesthesia [42,43]. In the present study, the incidence of bacterial infection
was reduced from 42.1 % in Group C to 20.0 % in Group F, indicating that total intravenous-based fast-track anesthesia affects the
incidence of postoperative bacterial infection in LT. However, the reduction in infections was largely not solely due to a reduction in
ventilator-associated pneumonia, as the pneumonia difference between the groups was not statistically significant. Studies have re-
ported that the incidence of surgical site infections in patients undergoing colorectal surgery and postoperative pulmonary compli-
cations in neck surgery is lower with propofol-based intravenous anesthesia than with volatile anesthesia [44,45]. A recent report
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revealed that extubation in the operating room had no effect on postoperative moderate-to-severe infectious complications [22].
Multiple factors might be attributable to the incidence of infection; therefore, the exact reason remains to be evaluated, one of which
might be due to the anesthetic agents rather than anesthesia methods.

Sevoflurane-induced balanced anesthesia remains the mainstay in LT; however, concerns regarding potential nephrotoxicity have
been raised since its introduction into clinical use [46,47]. In contrast, propofol- and remifentanil-based intravenous anesthesia might
produce better renal protection by preserving antioxidant ability and attenuating the inflammatory response [48-50]. Franzén et al.
reported that sevoflurane anesthesia reduced urine output and sodium excretion while increasing plasma renin levels compared to
propofol anesthesia [47]. A meta-analysis showed that volatile anesthesia is associated with a higher incidence of postoperative acute
renal injury than propofol anesthesia [51]. In contrast, animal studies have revealed that propofol exerts organ-protective effects by
suppressing neutrophil chemotaxis and phagocytosis [52,53]. Clinical studies in nephrectomy showed that compared with sevoflurane
or desflurane, the use of propofol was associated with a lower incidence of postoperative acute kidney injury and chronic kidney
dysfunction upstaging [54]. In this study, we were surprised to find that the incidence of CRRT use decreased by 78 % in Group F
compared to that in Group C. Although the precise cause remains unknown, the decision to not administer sevoflurane and to increase
the use of propofol and remifentanil may explain this difference.

Our results also revealed a reduction in the duration of ICU stay, duration of hospitalization, and hospitalization costs in Group F,
confirming that TIIE improves resource utilization. Multivariate regression analysis revealed a significant correlation between the
duration of ICU stay and hospitalization costs, indicating that the difference in costs was primarily due to the difference in the use of
mechanical ventilation after surgery, which is also consistent with the findings of other studies [22].

5. Strengths and limitations

This study had several strengths and limitations. This is the first study to demonstrate the benefits of TIIE in adult patients un-
dergoing LT using PSM. Although previous reports have discussed either total intravenous anesthesia or fast-track anesthesia protocols
individually, our research highlights the combined benefits of both methodologies [22,55]. Second, PSM was used to control for se-
lection biases. After PSM, no significant differences in relevant preoperative clinical data or intraoperative factors were observed
between the two groups; therefore, the postoperative outcome data were comparable.

Nevertheless, this study had several limitations. Our study was retrospective in nature, which may limit our ability to establish a
causal relationship between TIIE and the outcomes we observed. Despite the use of PSM, inadvertent confounding factors may have
affected outcomes. Furthermore, the strictly limited sample size may limit the statistical power to detect potentially significant dif-
ferences in outcomes between the two groups. Finally, the study was conducted at a single center, which may also restrict the
generalizability of the findings to other centers with different patient populations, resources, and expertise. Therefore, randomized
prospective studies with larger sample sizes are warranted to confirm our results.

6. Conclusions

TIIE is safe and effective and is associated with a lower incidence of infection. Studies with larger sample sizes and well-designed
trials are warranted to further investigate its clinical significance in this population.

CRediT authorship contribution statement

Yan-Jun Chu: Writing - original draft, Formal analysis, Data curation. Hui Zhang: Writing — review & editing, Formal analysis,
Data curation. Bing-Xin Jin: Data curation. Yu-Fan Liu: Data curation. Yong-Xing Yao: Writing — review & editing,
Conceptualization.
Data availability statement

The data will be made available upon reasonable request.
Institutional review board statement

Ethical approval was obtained from the Ethics Committee of the First Affiliated Hospital of Zhejiang University (no. 2022-891).

Funding

This study was supported by grants from the Natural Science Foundation of Zhejiang Province, China (LZ21H090001), and the First
Affiliated Hospital, Zhejiang University School of Medicine, China (BL202234).

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.



Y.-J. Chu et al.

Heliyon 11 (2025) e42108

Acknowledgments

The authors would like to thank Editage (www.editage.com) for the English language editing.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2025.e42108.

References

[1]
[2]
[3]
[4]

(5]

[6]

[71

[8]

[91
[10]
[11]
[12]
[13]
[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

O. Metin, C. Simsek, A. Giirakar, Update on liver transplantation-newer aspects, Turk. J. Med. Sci. 50 (SI-2) (2020) 1642-1650, https://doi.org/10.3906/sag-
2002-17. PMID: 32222125; PMCID: PMC7672347.

V.A. Lingiah, M. Niazi, R. Olivo, F. Paterno, J.V. Guarrera, N.T. Pyrsopoulos, Liver transplantation beyond Milan criteria, J Clin Transl Hepatol 8 (1) (2020)
69-75, https://doi.org/10.14218/JCTH.2019.00050. PMID: 32274347; PMCID: PMC7132012.

S. Sharma, F.H. Saner, D. Bezinover, A brief history of liver transplantation and transplant anesthesia, BMC Anesthesiol. 22 (1) (2022) 363, https://doi.org/
10.1186/512871-022-01904-1. PMID: 36435747; PMCID: PMC9701388.

D. Adelmann, K. Kronish, M.A. Ramsay, Anesthesia for liver transplantation, Anesthesiol. Clin. 35 (3) (2017) 491-508, https://doi.org/10.1016/j.
anclin.2017.04.006. PMID:28784222.

F.H. Saner, S.W. Olde Damink, G. Pavlakovi¢, M.A. van den Broek, G.C. Sotiropoulos, A. Radtke, S. Nadalin, M. Malagd, A. Paul, Positive end-expiratory pressure
induces liver congestion in living donor liver transplant patients: myth or fact, Transplantation 85 (12) (2008) 1863-1866, https://doi.org/10.1097/
TP.0b013e31817754dc. PMID: 18580483.

H. Yuan, J.E. Tuttle-Newhall, V. Chawa, M.A. Schnitzler, H. Xiao, D. Axelrod, N. Dzebisashvili, K.L. Lentine, Prognostic impact of mechanical ventilation after
liver transplantation: a national database study, Am. J. Surg. 208 (4) (2014) 582-590, https://doi.org/10.1016/j.amjsurg.2014.06.004. PMID: 25151187;
PMCID: PMC4457441.

C. Acho, Y. Morita, V. Fernandez, M. Safwan, D. Galusca, M. Abouljoud, A. Yoshida, J. El-Bashir, S. Nagai, Immediate postoperative extubation decreases
pulmonary complications in liver transplant patients, Transplantation 105 (9) (2021) 2018-2028, https://doi.org/10.1097/TP.0000000000003450. PMID:
32890127.

C.A. Loh, K.P. Croome, C. Burcin Taner, A.P. Keaveny, Bias-corrected estimates of reduction of post-surgery length of stay and corresponding cost savings
through the widespread national implementation of fast-tracking after liver transplantation: a quasi-experimental study, J. Med. Econ. 22 (7) (2019) 684-690,
https://doi.org/10.1080/13696998.2019.1592179. PMID: 30841773.

K. Kaier, T. Heister, J. Wolff, M. Wolkewitz, Mechanical ventilation and the daily cost of ICU care, BMC Health Serv. Res. 20 (1) (2020) 267, https://doi.org/
10.1186/512913-020-05133-5. PMID: 32234048; PMCID: PMC7106643.

S. Aniskevich, C.L. Scott, B.L. Ladlie, The practice of fast-track liver transplant anesthesia, J. Clin. Med. 12 (10) (2023) 3531, https://doi.org/10.3390/
jem12103531. PMID: 37240637; PMCID: PMC10219048.

S. Aniskevich, S.L. Pai, Fast track anesthesia for liver transplantation: review of the current practice, World J. Hepatol. 7 (20) (2015) 2303-2308, https://doi.
org/10.4254/wjh.v7.120.2303. PMID:26380654; PMCID: PMC4568490.

B.M. Parker, Anesthetics and anesthesia techniques: impacts on perioperative management and postoperative outcomes, Cleve. Clin. J. Med. 73 (Suppl 1) (2006)
S13-S17, https://doi.org/10.3949/ccjm.73.suppl_1.s13. PMID: 16570542.

L. Wang, S. Liang, H. Chen, Y. Xu, Y. Wang, The effects of epidural anaesthesia and analgesia on T lymphocytes differentiation markers and cytokines in patients
after gastric cancer resection, BMC Anesthesiol. 19 (1) (2019) 102, https://doi.org/10.1186/s12871-019-0778-7. PMID: 31185917; PMCID: PMC6560762.
A. Margraf, N. Ludwig, A. Zarbock, J. Rossaint, Systemic inflammatory response syndrome after surgery: mechanisms and protection, Anesth. Analg. 131 (6)
(2020 Dec) 1693-1707, https://doi.org/10.1213/ANE.0000000000005175. PMID: 33186158.

M.G. Irwin, C.K.E. Chung, K.Y. Ip, M.D. Wiles, Influence of propofol-based total intravenous anaesthesia on peri-operative outcome measures: a narrative
review, Anaesthesia 75 (Suppl 1) (2020) e90-e100, https://doi.org/10.1111/anae.14905. PMID: 31903578.

Y. Cai, H. Hu, P. Liu, G. Feng, W. Dong, B. Yu, Y. Zhu, J. Song, M. Zhao, Association between the apolipoprotein E4 and postoperative cognitive dysfunction in
elderly patients undergoing intravenous anesthesia and inhalation anesthesia, Anesthesiology 116 (1) (2012) 84-93, https://doi.org/10.1097/
ALN.0b013e31823da7a2. PMID: 22108393.

S.J. Cao, Y. Zhang, Y.X. Zhang, W. Zhao, L.H. Pan, X.D. Sun, Z. Jia, W. Ouyang, Q.S. Ye, F.X. Zhang, Y.Q. Guo, Y.Q. Ai, B.J. Zhao, J.B. Yu, Z.H. Liu, N. Yin, X.
Y. Li, J.H. Ma, H.J. Li, M.R. Wang, D.I. Sessler, D. Ma, D.X. Wang, First Study of Perioperative Organ Protection (SPOP1) investigators. Long-term survival in
older patients given propofol or sevoflurane anaesthesia for major cancer surgery: follow-up of a multicentre randomised trial, Br. J. Anaesth. 131 (2) (2023)
266-275, https://doi.org/10.1016/]j.bja.2023.01.023. PMID: 37474242.

P. Ziemann-Gimmel, A.A. Goldfarb, J. Koppman, R.T. Marema, Opioid-free total intravenous anaesthesia reduces postoperative nausea and vomiting in bariatric
surgery beyond triple prophylaxis, Br. J. Anaesth. 112 (5) (2014) 906-911, https://doi.org/10.1093/bja/aet551. Epub 2014 Feb 18. PMID: 24554545.

Z. Straka, P. Brucek, T. Vanek, J. Votava, P. Widimsky, Routine immediate extubation for off-pump coronary artery bypass grafting without thoracic epidural
analgesia, Ann. Thorac. Surg. 74 (5) (2002) 1544-1547, https://doi.org/10.1016/s0003-4975(02)03934-6. PMID: 12440606.

D.C. Cheng, Regional analgesia and ultra-fast-track cardiac anesthesia, Can. J. Anaesth. 52 (1) (2005) 12-17, https://doi.org/10.1007/BF03018574, PMID:
15625250.

T.M. Hemmerling, F. Carli, Novel clinical pathways applied to cardiac surgery to improve outcome and to decrease perioperative resource utilization, Can. J.
Anaesth. 55 (7) (2008) 470, https://doi.org/10.1007/BF03016314, author reply 471.

Y. Xu, Y. Zuo, L. Zhou, X. Hao, X. Xiao, M. Ye, L. Bo, C. Jiang, J. Yang, Extubation in the operating room results in fewer composite mechanical ventilation-
related adverse outcomes in patients after liver transplantation: a retrospective cohort study, BMC Anesthesiol. 21 (1) (2021) 286, https://doi.org/10.1186/
s12871-021-01508-1. PMID: 34794387; PMCID: PMC8600887.

H.J. Golder, V. Papalois, Enhanced recovery after surgery: history, key advancements and developments in transplant surgery, J. Clin. Med. 10 (8) (2021) 1634,
https://doi.org/10.3390/jcm10081634. PMID: 33921433; PMCID: PMC8069722.

A. Pustavoitau, C.X. Qin, S.B. Navarrete, S. Rao, E. Almazan, P. Ariyo, S.M. Frank, W.T. Merritt, N.A. Rizkalla, A.J. Villamayor, A.M. Cameron, J.M. Garonzik-
Wang, S.E. Ottman, B. Philosophe, A.O. Gurakar, A. Gottschalk, Comprehensive quality initiative leads to immediate postoperative extubation following liver
transplant, J. Clin. Anesth. 85 (2023) 111040, https://doi.org/10.1016/j.jclinane.2022.111040. PMID: 36549035.

G. Cammu, J. Decruyenaere, R. Troisi, B. de Hemptinne, F. Colardyn, E. Mortier, Criteria for immediate postoperative extubation in adult recipients following
living-related liver transplantation with total intravenous anesthesia, J. Clin. Anesth. 15 (7) (2003) 515-519, https://doi.org/10.1016/j.jclinane.2003.02.008.
PMID: 14698363.

1. Jammer, N. Wickboldt, M. Sander, A. Smith, M.J. Schultz, P. Pelosi, B. Leva, A. Rhodes, A. Hoeft, B. Walder, M.S. Chew, R.M. Pearse, Standards for definitions
and use of outcome measures for clinical effectiveness research in perioperative medicine: European Perioperative Clinical Outcome (EPCO) definitions: a


http://www.editage.com
https://doi.org/10.1016/j.heliyon.2025.e42108
https://doi.org/10.3906/sag-2002-17
https://doi.org/10.3906/sag-2002-17
https://doi.org/10.14218/JCTH.2019.00050
https://doi.org/10.1186/s12871-022-01904-1
https://doi.org/10.1186/s12871-022-01904-1
https://doi.org/10.1016/j.anclin.2017.04.006
https://doi.org/10.1016/j.anclin.2017.04.006
https://doi.org/10.1097/TP.0b013e31817754dc
https://doi.org/10.1097/TP.0b013e31817754dc
https://doi.org/10.1016/j.amjsurg.2014.06.004
https://doi.org/10.1097/TP.0000000000003450
https://doi.org/10.1080/13696998.2019.1592179
https://doi.org/10.1186/s12913-020-05133-5
https://doi.org/10.1186/s12913-020-05133-5
https://doi.org/10.3390/jcm12103531
https://doi.org/10.3390/jcm12103531
https://doi.org/10.4254/wjh.v7.i20.2303
https://doi.org/10.4254/wjh.v7.i20.2303
https://doi.org/10.3949/ccjm.73.suppl_1.s13
https://doi.org/10.1186/s12871-019-0778-7
https://doi.org/10.1213/ANE.0000000000005175
https://doi.org/10.1111/anae.14905
https://doi.org/10.1097/ALN.0b013e31823da7a2
https://doi.org/10.1097/ALN.0b013e31823da7a2
https://doi.org/10.1016/j.bja.2023.01.023
https://doi.org/10.1093/bja/aet551
https://doi.org/10.1016/s0003-4975(02)03934-6
https://doi.org/10.1007/BF03018574
https://doi.org/10.1007/BF03016314
https://doi.org/10.1186/s12871-021-01508-1
https://doi.org/10.1186/s12871-021-01508-1
https://doi.org/10.3390/jcm10081634
https://doi.org/10.1016/j.jclinane.2022.111040
https://doi.org/10.1016/j.jclinane.2003.02.008

[27]

[28]

[29]
[30]
[31]

[32]

[33]
[34]
[35]
[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]

[55]

. Chu et al. Heliyon 11 (2025) e42108

statement from the ESA-ESICM joint taskforce on perioperative outcome measures, Eur. J. Anaesthesiol. 32 (2) (2015) 88-105, https://doi.org/10.1097/
EJA.0000000000000118. PMID: 25058504.

A. Suphathamwit, O. Pongraweewan, S. Lakkam, C. Tovikkai, Predictive score for immediate extubation after liver transplantation, Clin. Transplant. 35 (3)
(2021) el14212, https://doi.org/10.1111/ctr.14212. PMID: 33378125.

A. Parikh, K.W. Washburn, L. Matsuoka, U. Pandit, J.E. Kim, J. Almeda, C. Mora-Esteves, G. Halff, Y. Genyk, B. Holland, D.J. Wilson, L. Sher, B. Koneru,

A multicenter study of 30 days complications after deceased donor liver transplantation in the model for end-stage liver disease score era, Liver Transplant. 21
(9) (2015) 1160-1168, https://doi.org/10.1002/1t.24181. PMID: 25991395.

J.U. Yoon, G.J. Byeon, J.Y. Park, S.H. Yoon, J.H. Ryu, H.S. Ri, Bloodless living donor liver transplantation: risk factors, outcomes, and diagnostic predictors,
Medicine (Baltim.) 97 (50) (2018) e13581, https://doi.org/10.1097/MD.0000000000013581. PMID: 30558025; PMCID: PMC6320073.

S. Piano, M. Tonon, P. Angeli, Predicting outcomes of liver transplantation in patients with nonalcoholic steatohepatitis: pretransplant renal function is key,
Liver Transplant. 25 (3) (2019) 362-364, https://doi.org/10.1002/1t.25413. PMID: 30657244.

W. Al-Darzi, Y. Alalwan, F. Askar, O. Sadiq, D. Venkat, H. Gonzalez, D. Galusca, A. Yoshida, S.M. Jafri, Risk factors and outcomes of intracardiac thrombosis
during orthotopic liver transplantation, Transplant. Proc. 53 (1) (2021) 250-254, https://doi.org/10.1016/j.transproceed.2020.10.025. PMID: 33246584.
T.G. Cotter, M. Minhem, J. Wang, T. Peeraphatdit, F. Ayoub, A. Pillai, R. Hernandez-Alejandro, D. di Sabato, M. Charlton, Living donor liver transplantation in
the United States: evolution of frequency, outcomes, center volumes, and factors associated with outcomes, Liver Transplant. 27 (7) (2021) 1019-1031, https://
doi.org/10.1002/1t.26029. PMID: 33619854; PMCID: PMC9257956.

H.B. Gershengorn, International variation in intubation and extubation practices and adverse events among critically ill patients receiving mechanical
ventilation, JAMA 325 (12) (2021) 1157-1159, https://doi.org/10.1001/jama.2021.1178. PMID: 33755055.

M. Kleine, F.W. Vondran, K. Johanning, K. Timrott, H. Bektas, F. Lehner, J. Klempnauer, H. Schrem, Respiratory risk score for the prediction of 3-month
mortality and prolonged ventilation after liver transplantation, Liver Transplant. 19 (8) (2013) 862-871, https://doi.org/10.1002/1t.23673. PMID: 23696476.
L. Papazian, M. Klompas, C.E. Luyt, Ventilator-associated pneumonia in adults: a narrative review, Intensive Care Med. 46 (5) (2020) 888-906, https://doi.org/
10.1007/s00134-020-05980-0. PMID: 32157357; PMCID: PMC7095206.

H.Y. Huang, C.Y. Huang, L.F. Li, Prolonged mechanical ventilation: outcomes and management, J. Clin. Med. 11 (9) (2022) 2451, https://doi.org/10.3390/
jem11092451. PMID: 35566577; PMCID: PMC9103623.

M. Blot, M. Jacquier, L.A. Pauchard, C. Rebaud, C. Marlin, C. Hamelle, A. Bataille, D. Croisier, C. Thomas, A. Jalil, H. Mirfendereski, L. Piroth, P. Chavanet,
D. Bensoussan, C. Laroye, L. Reppel, P.E. Charles, Adverse mechanical ventilation and pneumococcal pneumonia induce immune and mitochondrial
dysfunctions mitigated by mesenchymal stem cells in rabbits, Anesthesiology 136 (2) (2022) 293-313, https://doi.org/10.1097/ALN.0000000000004083.
PMID: 34965287.

T. Bardi, V. Pintado, M. Gomez-Rojo, R. Escudero-Sanchez, A. Azzam Lopez, Y. Diez-Remesal, N. Martinez Castro, P. Ruiz-Garbajosa, D. Pestana, Nosocomial
infections associated to COVID-19 in the intensive care unit: clinical characteristics and outcome, Eur. J. Clin. Microbiol. Infect. Dis. 40 (3) (2021) 495-502,
https://doi.org/10.1007/5s10096-020-04142-w. PMID: 33389263; PMCID: PMC7778834.

A. Holland, O. Thuemer, C. Schelenz, N. van Hout, S.G. Sakka, Positive end-expiratory pressure does not affect indocyanine green plasma disappearance rate or
gastric mucosal perfusion after cardiac surgery, Eur. J. Anaesthesiol. 24 (2) (2007) 141-147, https://doi.org/10.1017/5026502150600130X. PMID: 16938155.
N.M. Fullington, R.P. Cauley, K.M. Potanos, L. O’Melia, D. Zurakowski, H. Bae Kim, C. Seefelder, K. Vakili, Inmediate extubation after pediatric liver
transplantation: a single-center experience, Liver Transplant. 21 (1) (2015) 57-62, https://doi.org/10.1002/1t.24036. PMID: 25368908.

M.E. Cove, C. Ying, J.M. Taculod, S.E. Oon, P. Oh, R. Kollengode, G. MacLaren, C.S. Tan, Multidisciplinary extubation protocol in cardiac surgical patients
reduces ventilation time and length of stay in the intensive care unit, Ann. Thorac. Surg. 102 (1) (2016) 28-34, https://doi.org/10.1016/j.
athoracsur.2016.02.071. PMID: 27154151.

Y.T. Chang, C.C. Wu, T.Y. Tang, C.T. Lu, C.S. Lai, C.H. Shen, Differences between total intravenous anesthesia and inhalation anesthesia in free flap surgery of
head and neck cancer, PLoS One 11 (2) (2016) e0147713, https://doi.org/10.1371/journal.pone.0147713. PMID: 26849439; PMCID: PMC4743952.

J. Lombardo-Quezada, G. Sanclemente, J. Colmenero, M. Espanol-Rego, M.T. Arias, P. Ruiz, E. Mauro, L. Sastre, G. Crespo, A. Rimola, A. Moreno, F. Lozano,
M. Navasa, Mannose-binding lectin-deficient donors increase the risk of bacterial infection and bacterial infection-related mortality after liver transplantation,
Am. J. Transplant. 18 (1) (2018) 197-206, https://doi.org/10.1111/ajt.14408. PMID: 28649744.

B.W. Koo, J.B. Sim, H.J. Shin, D.W. Kim, S.B. Kang, S.H. Do, H.S. Na, Surgical site infection after colorectal surgery according to the main anesthetic agent: a
retrospective comparison between volatile anesthetics and propofol, Korean J Anesthesiol 69 (4) (2016) 332-340, https://doi.org/10.4097 /kjae.2016.69.4.332.
PMID: 27482309; PMCID: PMC4967627.

Y.T. Chang, C.S. Lai, C.T. Lu, C.Y. Wu, C.H. Shen, Effect of total intravenous anesthesia on postoperative pulmonary complications in patients undergoing
microvascular reconstruction for head and neck cancer: a randomized clinical trial, JAMA Otolaryngol Head Neck Surg 148 (11) (2022) 1013-1021, https://doi.
org/10.1001/jamaoto.2022.2552. PMID: 36107412; PMCID: PMC9478882.

J.R. Sneyd, Avoiding kidney damage in ICU sedation with sevoflurane: use isoflurane instead, Br. J. Anaesth. 129 (1) (2022) 7-10, https://doi.org/10.1016/j.
bja.2022.02.031. PMID: 35331541.

S. Franzén, E. Semenas, M. Taavo, J. Martensson, A. Larsson, R. Frithiof, Renal function during sevoflurane or total intravenous propofol anaesthesia: a single-
centre parallel randomised controlled study, Br. J. Anaesth. 128 (5) (2022) 838-848, https://doi.org/10.1016/j.bja.2022.02.030. PMID: 35279277.

H. Wu, J. Zhou, W. Ou, Y. Li, M. Liu, C. Yang, TAK1 as the mediator in the protective effect of propofol on renal interstitial fibrosis induced by ischemia/
reperfusion injury, Eur. J. Pharmacol. 811 (2017) 134-140, https://doi.org/10.1016/j.ejphar.2017.06.009. PMID: 28603043.

X. Li, Z. Zhang, A. Li, Y. Hu, Propofol attenuates renal ischemia/reperfusion injury by regulating the MALAT1/miR-126-5p axis, J. Gene Med. 23 (8) (2021)
e3349, https://doi.org/10.1002/jgm.3349. PMID: 33899983.

Q. Wei, J. Zhao, X. Zhou, L. Yu, Z. Liu, Y. Chang, Propofol can suppress renal ischemia-reperfusion injury through the activation of PI3K/AKT/mTOR signal
pathway, Gene 708 (2019) 14-20, https://doi.org/10.1016/j.gene.2019.05.023. PMID: 31082504.

S. Franzén, R. Frithiof, M. Hultstrom, Postoperative acute kidney injury after volatile or intravenous anesthesia - a meta-analysis, Am. J. Physiol. Ren. Physiol.
(2023), https://doi.org/10.1152/ajprenal.00316.2022. PMID: 36794753.

Z. Zhang, B. Yan, Y. Li, S. Yang, J. Li, Propofol inhibits oxidative stress injury through the glycogen synthase kinase 3 beta/nuclear factor erythroid 2-related
factor 2/heme oxygenase-1 signaling pathway, Bioengineered 13 (1) (2022) 1612-1625, https://doi.org/10.1080/21655979.2021.2021062. PMID: 35030972;
PMCID: PMC8805835.

P. Nyssen, T. Franck, D. Serteyn, A. Mouithys-Mickalad, M. Hoebeke, Free Radic. Biol. Med. 191 (2022) 164-175.

H.J. Lee, J. Bae, Y. Kwon, H.S. Jang, S. Yoo, C.W. Jeong, J.T. Kim, W.H. Kim, General anesthetic agents and renal function after nephrectomy, J. Clin. Med. 8
(10) (2019) 1530, https://doi.org/10.3390/jcm8101530. PMID: 31554223; PMCID: PMC6832234.

C.H. Lu, C.C. Yeh, Y.S. Huang, M.S. Lee, C.B. Hsieh, C.H. Cherng, Z.F. Wu, Hemodynamic and biochemical changes in liver transplantation: a retrospective
comparison of desflurane and total intravenous anesthesia by target-controlled infusion under auditory evoked potential guide, Acta Anaesthesiol. Taiwanica 52
(1) (2014) 6-12, https://doi.org/10.1016/j.aat.2014.05.004. PMID: 24999212.


https://doi.org/10.1097/EJA.0000000000000118
https://doi.org/10.1097/EJA.0000000000000118
https://doi.org/10.1111/ctr.14212
https://doi.org/10.1002/lt.24181
https://doi.org/10.1097/MD.0000000000013581
https://doi.org/10.1002/lt.25413
https://doi.org/10.1016/j.transproceed.2020.10.025
https://doi.org/10.1002/lt.26029
https://doi.org/10.1002/lt.26029
https://doi.org/10.1001/jama.2021.1178
https://doi.org/10.1002/lt.23673
https://doi.org/10.1007/s00134-020-05980-0
https://doi.org/10.1007/s00134-020-05980-0
https://doi.org/10.3390/jcm11092451
https://doi.org/10.3390/jcm11092451
https://doi.org/10.1097/ALN.0000000000004083
https://doi.org/10.1007/s10096-020-04142-w
https://doi.org/10.1017/S026502150600130X
https://doi.org/10.1002/lt.24036
https://doi.org/10.1016/j.athoracsur.2016.02.071
https://doi.org/10.1016/j.athoracsur.2016.02.071
https://doi.org/10.1371/journal.pone.0147713
https://doi.org/10.1111/ajt.14408
https://doi.org/10.4097/kjae.2016.69.4.332
https://doi.org/10.1001/jamaoto.2022.2552
https://doi.org/10.1001/jamaoto.2022.2552
https://doi.org/10.1016/j.bja.2022.02.031
https://doi.org/10.1016/j.bja.2022.02.031
https://doi.org/10.1016/j.bja.2022.02.030
https://doi.org/10.1016/j.ejphar.2017.06.009
https://doi.org/10.1002/jgm.3349
https://doi.org/10.1016/j.gene.2019.05.023
https://doi.org/10.1152/ajprenal.00316.2022
https://doi.org/10.1080/21655979.2021.2021062
http://refhub.elsevier.com/S2405-8440(25)00488-8/sref53
https://doi.org/10.3390/jcm8101530
https://doi.org/10.1016/j.aat.2014.05.004

	Effect of total intravenous-based immediate extubation on patient outcomes in adult liver transplantation: A retrospective  ...
	1 Introduction
	2 Methods
	2.1 Study cohort
	2.1.1 Ethical considerations

	2.2 Inclusion and exclusion criteria
	2.3 Clinical data
	2.4 Anesthesia procedure and pain management
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Strengths and limitations
	6 Conclusions
	CRediT authorship contribution statement
	Data availability statement
	Institutional review board statement
	Funding
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


