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Background: Post-reperfusion syndrome (PRS) results in sudden hemodynamic instability
following graft reperfusion. Although PRS is known to influence outcomes following liver
transplantation, little is known regarding the effects of anesthetics on PRS. This study inves-
tigated the association between the type of anesthetic agent and PRS in liver transplanta-
tion.

Methods: This single-center retrospective cohort study included patients who underwent liv-
er transplantation between June 2016 and December 2019. Patients were divided into
sevoflurane and propofol groups according to the anesthetic agent used. Stabilized inverse
probability of treatment weighting (IPTW) analysis was performed to investigate the associa-
tion between PRS identified based on blood pressure recordings and the type of anesthesia.
Associations between the anesthetic agent and the duration of hypotension as well as early
postoperative outcomes were also investigated.

Results: Data were analyzed for 398 patients, 304 (76.4%) and 94 (23.6%) of whom were
anesthetized with propofol and sevoflurane, respectively. PRS developed in 40.7% of the
398 patients. Following stabilized IPTW analysis, the association with PRS was lower in the
sevoflurane group than in the propofol group (odds ratio, 0.47; P = 0.018). However, there
was no association between the type of anesthetic used and early postoperative outcomes.
Conclusions: The association of PRS was lower in the sevoflurane group than in the propo-
fol group. However, there was no association between the type of anesthetic and the early
postoperative outcomes. Further studies are required to determine the optimal anesthetic
for liver transplantation.
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INTRODUCTION post-reperfusion syndrome (PRS), which results in sudden

cardiovascular depression following de-clamping of the por-

Hemodynamic instability, which occurs frequently during tal vein, ranges from 12-77% [2]. PRS is known to increase in-
liver transplantation, is most severe, especially following traoperative transfusion requirements as well as the length of
graft reperfusion [1]. The reported incidence of the stay in the intensive care unit and overall hospital stay, and
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several studies have demonstrated the major clinical impact
of PRS on morbidity and mortality in the recipient [3,4].

Known recipient-, donor-, and organ-related risk factors
for PRS include donor age, degree of macrovesicular steato-
sis, organ size mismatch, prolonged cold ischemic time, re-
cipient age, Model for End-Stage Liver Disease (MELD)
score, and high potassium levels [1]. Anesthetic agents may
also influence the risk of PRS given their cardiovascular ef-
fects [5]. Previous studies have reported the effects of anes-
thetic agents on intraoperative hemodynamics and postop-
erative outcomes in patients undergoing liver transplanta-
tion [6-9]; however, these reports mainly focused on de-
ceased donor liver transplantation (DDLT) [8] and com-
pared desflurane [6,7] or isoflurane [9] with other agents. In
contrast, the effects of sevoflurane and propofol on PRS fol-
lowing liver transplantation remain unclear. Therefore, the
present study aimed to investigate the association between
the most widely used anesthetic agents (sevoflurane and
propofol) [10,11] and the occurrence of PRS.

MATERIALS AND METHODS

This retrospective observational study was approved by
the Institutional Review Board of our hospital (no. 2107-182-
1236), which waived the requirement for informed consent
due to its retrospective design. We reviewed the electronic
medical records, laboratory results, and anesthetic records
of all recipients who underwent living donor liver transplan-
tation (LDLT) or DDLT at our hospital from June 2016 to De-
cember 2019. Patients aged < 18 years, those with missing
data for vital recordings, those anesthetized with agents oth-
er than sevoflurane and propofol, those who had undergone
simultaneous transplantation, and those who had died be-
fore reperfusion during liver transplantation were excluded.

Anesthesia was administered in accordance with our hos-
pital’s anesthesia protocol for liver transplantation: The an-
esthetic agent was selected according to the preference of
the attending anesthesiologist. In the sevoflurane group, an-
esthesia was induced with 1-2 mg/kg of propofol and main-
tained using sevoflurane and continuous infusion of
remifentanil. In the propofol group, propofol and remifent-
anil were infused for both the induction and maintenance of
anesthesia using a target-controlled infusion device (Injec-
tomat™ total intravenous anesthesia [TIVA] Agilia, Fresenius
Kabi, Germany). In both groups, the anesthetic depth was
controlled to maintain a bispectral index (BIS) under 60. Ro-
curonium was used for neuromuscular blockade. Fluid re-
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suscitation; transfusion targeting a hemoglobin level of 8 g/
dl, platelet count of 50 k/pl and a prothrombin time interna-
tional normalized ratio (PT-INR) of 2.0; and vasopressor
(ephedrine, epinephrine, norepinephrine) treatment were
performed at the discretion of the anesthesiologist to ensure
hemodynamic stability during the surgery.

The vital data automatically recorded from various anesthe-
sia instruments from all patients, which included blood pres-
sure recorded at 2-s intervals by the Vital Recorder [12] during
the operation, were obtained and analyzed to define PRS.

Data collection

We reviewed electronic medical records, demographic
characteristics, laboratory values, surgical data, anesthetic
data, and postoperative outcomes for each patient. Demo-
graphic data analyzed for recipients included age, sex,
weight, height, body mass index (BMI), and etiology of the
liver disease (chronic hepatitis, non-viral related liver cirrho-
sis, hepatocellular carcinoma, cholestatic disease, fulminant
liver failure, metabolic disease). Clinical and laboratory data
analyzed for recipients included ABO incompatibility and
baseline medical status (preoperative hemodialysis, preop-
erative beta blocker use, preoperative insulin use, preopera-
tive diuretic use, MELD score). Clinical factors analyzed for
donors included age, graft weight to recipient body weight
ratio (GRWR, %), and the degree of macrovesicular steatosis.
The following surgical and anesthetic data were also ob-
tained: type of general anesthetic agent (propofol-based
TIVA vs. sevoflurane), anesthesia time (min), operation time
(min), estimated blood loss (ml/kg), cold ischemic time
(min), warm ischemic time (min), anhepatic time (min), po-
tassium (mM/L) level at the time of portal vein anastomosis,
calcium (mM/L) level at the time of portal vein anastomosis,
and transfusion amount (red blood cell count, fresh frozen
plasma [FFP], platelet concentration). Cold ischemic time
was defined as the interval from initiation of donor in vivo
cold organ preservation to removal of the graft from 4°C cold
storage. Warm ischemic time was defined as the interval
from removal from cold storage to reperfusion of the liver
graft. Anhepatic time was defined as the interval from the
recipient’s hepatectomy to reperfusion of the liver graft.

Laboratory values for total bilirubin, PT-INR, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
and serum creatinine (sCr) levels until postoperative day
(POD) 7 were also collected.

The primary outcome of our study was the occurrence of
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PRS. PRS was defined as a decrease in the mean arterial
pressure greater than 30% below the anhepatic level at the
time of reperfusion, lasting for at least 1 min during the first
5 min following graft reperfusion [2]. The analysis was per-
formed based on the femoral artery pressure, which is ex-
pected to better reflect the central pressure owing to the ex-
treme vasodilation that occurs after reperfusion in the distal
vessels [1]. Secondary outcomes included the occurrence of
acute kidney injury (AKI), the occurrence of primary graft
dysfunction (PGD), length of stay in the intensive care unit
(ICU), and length of hospital stay. AKI was defined as an sCr
increase = 0.3 mg/dl within 48 h postoperatively or a per-
centage increase in sCr 2 50% from baseline, which is
known or presumed to have occurred within the previous 7
days [13]. PGD was defined as (1) bilirubin > 10 mg/dl on
POD 7, (2) PT-INR > 1.6 on POD 7, or (3) AST or ALT >
2,000 IU/L within the first 7 days postoperatively [14].

Statistical analysis

Stabilized inverse probability of treatment weighting
(IPTW) analysis was performed using a propensity score [15]
using logistic regression with logit link to determine the as-
sociation between PRS and the type of anesthesia in the R
package “survey” [16]. The following covariates were used
for propensity score matching: whether LDLT or DDLT was
performed, ABO compatibility, the recipient factors, such as
age, sex, BMI, etiology of liver disease, MELD score, baseline
medical status, and donor and graft factors, such as donor
age, GRWR, steatosis, cold ischemic time, and warm isch-
emic time and intraoperative factors, such as anhepatic
time, inferior vena cava (IVC) clamping time, estimated
blood loss, packed red blood cell units transfused, FFP units
transfused, and potassium and calcium levels before reper-
fusion. Before and after stabilized IPTW analysis, the bal-
ance of the two groups was compared using the standard-
ized mean difference (SMD), and an SMD greater than 0.1
was considered as an imbalance. Primary and secondary
outcomes were compared before and after stabilized IPTW
analysis. The Shapiro-Wilk test was used to evaluate data
normality. Univariate logistic regression and the Mann-
Whitney U test were used to analyze categorical and contin-
uous variables, respectively.

Categorical variables are reported as numbers (%), while
continuous variables are reported as medians (1Q, 3Q). R
software (version 4.1.1 with R packages, R development Core
Team, Austria) was used for all the statistical analyses, and a
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two-sided P value of less than 0.05 was considered statisti-
cally significant.

RESULTS

During the study period, 471 patients underwent liver
transplantation. Among them, we analyzed 398 eligible pa-
tients after excluding patients aged < 18 years (n = 23),
those with missing data for vital recordings (n = 38), simul-
taneous transplantation of another organ (n = 4), patients
anesthetized with desflurane (n = 7), and those who died
before reperfusion (n = 1). Among the 398 patients, 304
(76.4%) were anesthetized with propofol, while 94 (23.6%)
patients were anesthetized with sevoflurane during the op-
eration (Fig. 1); PRS developed in 40.7% of the 398 patients.

Table 1 shows the baseline characteristics and periopera-
tive parameters of the two groups before and after stabilized
IPTW analysis. Prior to stabilized IPTW analysis, the groups
exhibited differences in living donors, recipient age, MELD
score, preoperative hemodialysis, preoperative diuretic use,
donor age, GRWR, cold ischemic time, IVC clamping time,
level of potassium before reperfusion, level of calcium be-

Patients undergoing liver transplantation in
2016.06.10-2019.12.31 (n = 471)

Excluded (n = 73)

- Age <18 (n = 23)

+ Missing data for vital recordings (n = 38)
+ Use of desflurane (n = 7)

- Simultaneous transplantation (n = 4)

- Died before reperfusion (n = 1)

A 4

398 Eligible patients

|
! .

Group propofol
(n=304)

Group sevoflurane
(n=94)

Stabilized inverse probability
of treatment weighting (IPTW)

A4 A4

Group propofol
(n=298)

Group sevoflurane
(n=91)

Fig. 1. Flow diagram of this study.
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Table 1. Baseline Characteristics and Perioperative Parameters in the Sevoflurane and Propofol Groups Before and After Stabilized IPTW

Before stabilized IPTW

After stabilized IPTW

Characteristics
Propofol (n = 304) Sevoflurane (n = 94) SMD Propofol (n = 298) Sevoflurane (n = 91) SMD

Living donor liver transplantation 274 (90.1) 56 (59.6) 0.753 252 (84.3) 74 (81.1) 0.085
ABO-incompatible transplantation 247 (81.2) 77 (81.9) 0.017 243 (81.3) 75 (82.9) 0.042
Demographic data

Age (yr) 57.0 (50.0, 62.0) 54,0 (46.3, 60.0) 0.233 57.0 (50.0, 62.0) 56.0 (49.1,62.0)  0.041

Male 209 (68.8) 67 (71.3) 0.055 205 (68.7) 60 (66.1) 0.056

Body mass index (kg/m?2) 23.6(21.3,26.2) 23.4(21.1,25.9) 0.073 23.6(21.3, 26.1) 23.7 (21.4, 26.0) 0.012

MELD score 12.6 (8.4, 19.3) 18.8 (10.9, 30.1) 0.604 13.6 (8.7, 21.0) 13.4 (9.2, 20.5) 0.054
Etiology of liver disease 0.089 0.063

Chronic hepatitis 179 (58.9) 56 (59.6) 174.3 (58.4) 51 (56.1)

Liver cirrhosis 55 (18.1) 19 (20.2) 54.9 (18.4) 18.2 (20.0)

Hepatocellular carcinoma 29 (9.5) 7(7.4) 29.0 (9.7) 4(9.2)

Cholestatic disease 24 (7.9) 7(7.4) 23.1(7.7) 5(8.2)

Other 17 (5.6) 5 (5.3) 17.1 (5.7) .9 (6.5)
Baseline medical status

Preoperative hemodialysis 21 (6.9) 15 (16.0) 0.287 26.6 (8.9) .7(9.6) 0.023

Preoperative beta blocker use 50 (19.7) 17 (18.1) 0.042 57.2 (19.2) 18.4 (20.2) 0.026

Preoperative insulin use 39 (12.8) 10 (10.6) 0.068 35.7 (12.0) 11.0 (12.1) 0.004

Preoperative diuretics use 103 (33.9) 27 (28.7) 0.111 97.1 (32.6) 27.7 (30.4) 0.046
Donor/graft factors

Age (yr) 34.0 (25.0, 44.0) 41.0 (28.0, 51.0) 0.369 34.0 (25.9, 45.0) 37.6(24.7,45.0)  0.029

GRWR (%) 1.10 (0.95, 1.32) 1.26 (0.99, 1.73) 0.477 1.11 (0.95, 1.36) 1.09(0.91,1.35)  0.019

Cold ischemic time (min) 96.0(76.0,129.3) 129.0(88.5,243.8)  0.575 99.0(78.0,143.8)  99.9(81.2,146.6) 0.033

Warm ischemic time (min) 28.0 (23.0, 37.0) 31.0 (22.0, 37.0) 0.002 28.0 (23.0, 37.0) 28.2 (22.0, 36.4) 0.056
Intraoperative data

Anhepatic time (min) 29.0 (23.0, 39.0) 31.0 (24.3, 37.8) 0.038 28.8 (23.0, 39.0) 28.5 (23.9, 37.0) 0.078

IVC clamping time (min) 31.0 (25.0, 40.0) 32.5(25.0, 45.0) 0.151 31.0 (25.0, 40.7) 30.0 (25.0, 44.1) 0.043

Potassium (mmol/L) 3.9 (3.6,4.4) 4.1(3.8,4.6) 0.317 3.9 (3.4,4.4) 4.0 (3.5, 4.4) 0.030

Calcium (mmol/L) 1.09 (1.00, 1.18) 1.06 (0.93, 1.14) 0.259 1.08 (0.99, 1.18) 1.08 (0.97, 1.17) 0.035

Estimated blood loss (ml) 2,500 (1,300, 5,013) 2,825 (1,563, 5,475) 0.039 2,505 (1,350, 5,237) 2,000 (1,500, 4,075) 0.065

Total pRBC (units) 4.0 (0, 10.0) 5.5 (2.0, 11.8) 0.083 5.0 (0, 10.0) 4.0 (0, 9.0) 0.044

Total FFP (units) 1.0(0, 8.0) 4(0,10.8) 0.188 2.0 (0, 8.0) 1.0(0, 7.0) 0.025

Data are presented as number (%) or median (1Q, 3Q).

IPTW: inverse probability of treatment weighting, SMD: standardized mean

difference, MELD: model for end-stage liver disease, GRWR: graft weight to recipient body weight ratio, IVC: inferior vena cava, pRBC:

packed red blood cells, FFP: fresh frozen plasma.

fore reperfusion, packed red blood cell units transfused, and
FFP units transfused (SMD > 0.1). However, these differenc-
es disappeared following stabilized IPTW analysis.

Table 2 and Fig. 2 present a comparison of the primary
and secondary outcomes. Before and after stabilized IPTW
analysis, the association with PRS was lower in the sevoflu-
rane group than in the propofol group (before: odds ratio
[OR]: 0.57, 95% confidence interval [CI]: 0.35-0.93; P =
0.035; after: OR: 0.47, 95% CI: 0.28-0.80, P = 0.018). The du-
ration of hypotension was also higher in the propofol group
than in the sevoflurane group. However, there were no dif-
ferences in the association with PGD, AKI, ICU stay, or hos-
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pital stay between the groups either before or after stabilized
IPTW analysis.

DISCUSSION

In this study, we investigated the association between the
type of anesthesia and PRS in patients undergoing liver
transplantation, as well as early postoperative outcomes fol-
lowing liver transplantation. Our findings indicated that, fol-
lowing graft reperfusion, propofol exhibited a greater associ-
ation with PRS than sevoflurane; however, the type of anes-
thesia was not associated with early postoperative outcomes.
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Table 2. Between-group Comparison of Primary and Secondary Outcomes Before and After Stabilized IPTW

Before stabilized IPTW After stabilized IPTW
Outcomes Propofol Sevoflurane P value 0Odds ratio* Propofol Sevoflurane P value 0Odds ratio*
(n = 304) (n = 94) (95% Cl) (n = 303) (n = 92) (95% Cl)
PRS 133 (43.8) 29(30.9) 0.035 0.57 (0.35-0.93) 127.6 (42.8) 24.7(27.2) 0.018 0.47 (0.28-0.80)
Duration of 50.0 (0.0, 102.0) 7.0 (0.0, 81.5) 0.013 - 48.0(0.0,102.0) 1.8(0.0,76.6) 0.007 -
hypotension after
reperfusion (s)
PGD 23 (7.6) 9 (9.6) 0.068 1.29 (0.55-2.81) 22,5 (7.5) 5.3 (5.9) 0.565 0.73(0.26-2.02)
AKI 91 (29.9) 30(31.9)  0.813 1.10(0.66-1.79) 85.7 (28.7) 20.8(32.7) 0.533 1.26(0.75-2.13)
ICU stay (d) 2 (14.4) 6.1(4.8) 0.469 - 8.0 (16.1) 6.0 (5.4) 0.138 -
Hospital stay (d) 22(16,35)  25(19,41.5) 0.008 - 23(16.0,37.0) 22(17.0,31.0) 0.924 -
Postoperative day 17 (13,26) 18 (14,26.8) 0.088 17 (13.0, 27.0) 17.7 (14.0, 24.0) 0.656
discharge (d)
Major complications
Infection 7(2.3) 2(2.1) 1 0.93 (1.14-3.89) 2 (2.1) 1.2(1.3) 0.576  0.79 (0.10-6.14)
Bile leakage 125 (41.1) 20 (21.3) 0.001 0.41(0.23-0.69) 121.6 (40.8) 27.2(29.9) 0.123 0.59 (0.35-1.00)
Bleeding 47 (15.5) 20 (21.3) 0.246 1.42(0.77-2.54) 48,2 (16.2) 19.0(20.9) 0.369 1.74(0.92-3.29)
N/V, DGE 5 (1.6) 2(2.1) 1 1.63 (0.22-8.49) .0 (2.0) 0.6 (0.7) 0.167  0.24 (0.02-3.72)
Cardiopulmonary 31(10.2) 6 (6.4) 0.363 0.67 (0.24-1.57) 34.0 (11.4) 5.4 (6.0) 0.206  0.49 (0.18-1.28)
Neurogenic 3(1.0) 1(1.1) 1 1.07 (0.05-8.53) 9(1.0) 0.3(0.3) 0.354 0.31(0.01-12.55)
Pancreatitis 2(0.7) 1(1.1) 1 1.62 (0.75-17.13) 2.8(0.9) 0.9 (0.9) 0.986 1.11(0.09-14.14)

Data are presented as number (%) or median (1Q, 3Q). IPTW: inverse probability of treatment weighting, Cl: confidence interval, PRS:
postreperfusion syndrome, PGD: primary graft dysfunction, AKI: acute kidney injury, ICU: intensive care unit, N/V: nausea/vomiting, DGE:
delayed gastric emptying. *The Propofol group used as the reference.

Outcomes Odds ratios (95% CI)
Bleeding J e 1.74 (0.92-3.29)
Acute kidney injury ,_"'.26_| 1.26 (0.75-2.13)
Pancreatitis | L , 1.1 (0.09-14.14)
Infection | el | 0.79 (0.1-6.14)
. . 073
Primary graft dysfuction ' - ; 0.73 (0.26-2.02)
. 0.59
Bile leakage —_—— 0.59 (0.35-1)
Cardiopulmonary 0.49

! | 0.49 (0.18-1.28)

complications

Postreperfusion syndrome e 0.47* (0.28-0.8)
. - 0.31
Neurogenic complications = ; 0.31(0.01-12.55)
o 0.24
Nausea and vomiting ' | 0.24 (0.02-3.72)
Favors sevoflurane 1 Favors propofol

Fig. 2. Odds ratios between the groups for primary and secondary outcomes. Cl: confidence interval. *P value of less than 0.05.
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To our knowledge, this study is the first to evaluate the asso-
ciation between PRS and the use of sevoflurane and propo-
fol based on high-resolution data.

Previous studies have analyzed changes in blood pressure
following reperfusion according to the anesthetic agent used
during liver transplantation, especially for inhaled agents
versus propofol. While some studies reported a greater de-
gree of hypotension in the propofol group than in the isoflu-
rane or sevoflurane group [17,18], they only compared blood
pressure at two timepoints (i.e., 5- and 10-min following
reperfusion). In our study, we evaluated blood pressure re-
corded at 2-second intervals, allowing us to examine both
individual measurements and trends in blood pressure fol-
lowing reperfusion. Shin et al. [19] reported no difference in
the incidence of PRS between the propofol and desflurane
groups (desflurane, 15.6%; propofol 20.0%, P = 0.452) in
their study; however, patients in the propofol group were
anesthetized with desflurane at the dissection phase. In an-
other retrospective study, the rate of norepinephrine admin-
istration at reperfusion was lower in the propofol-based
TIVA group than in the desflurane group (desflurane, 42.2%;
propofol, 21.2%; P = 0.020); however, the study included a
small number of patients (TIVA, 66; desflurane, 45), and the
authors did not evaluate donor or graft characteristics that
may have affected PRS [20]. In contrast, we evaluated several
factors that may have influenced PRS in a relatively large
number of patients while correcting for baseline differences
using stabilized IPTW analysis.

Our study demonstrated that propofol-based TIVA was
more strongly associated with PRS than sevoflurane anes-
thesia. This may be explained by the hemodynamic differ-
ences between sevoflurane and propofol anesthesia. Propo-
fol inhibits sympathetic vasoconstrictor activity and chrono-
tropy in a dose-dependent manner [21,22]. Sevoflurane in-
hibits sympathetic nervous activity but has little effect on
parasympathetic nervous activity [23]; as such, its use has
been associated with relatively low heart rate variability as
well as cardioprotective effects [8]. During the anhepatic
phase, the rate of propofol clearance decreases to approxi-
mately 42% [24], resulting in increased accumulation of
propofol in the body, which in turn leads to an increase in
the depth of anesthesia. Subsequently, this overdose of
propofol causes a decrease in heart rate and vasodilation-in-
duced systemic vascular resistance following sympathetic
inhibition [22]. Conversely, sevoflurane has been shown to
exert a pre-conditioning effect on skeletal muscles during
reperfusion [25], with one previous report stating that sevo-
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flurane maintains cardiac function in the early reperfusion
phase [26]. In previous animal studies, recovery of cardio-
vascular function was faster in the sevoflurane group than in
the propofol group [27]. In addition, tumor necrosis factor
alpha (TNF-q) is the main cytokine associated with the he-
modynamic instability following reperfusion [2]. In one
study comparing the use of sevoflurane and propofol in pe-
diatric patients undergoing liver transplantation [18], the
concentration of TNF-a was higher in the propofol than in
the sevoflurane group following reperfusion. These findings
may explain the stronger association between propofol and
PRS than between sevoflurane and PRS.

Several studies have demonstrated that PRS is associated
with poor postoperative outcomes [3,4,17]. However, we ob-
served no significant differences in postoperative outcomes
between the two groups in our study. There are several pos-
sible explanations for this result. (1) It is possible that the
transplantation procedure itself [28] affects early postopera-
tive outcomes to a greater extent than PRS. Further, (2) as
the median MELD score in both groups following stabilized
IPTW analysis was 13.8 owing to the large proportion of
LDLT, ischemic reperfusion injury may not have been severe
in our patients. (3) Despite the development of PRS, recov-
ery from hypotension occurred within 5 min in all patients
because the attending anesthesiologist was a liver transplan-
tation specialist with substantial experience. Previous re-
ports have demonstrated that the poor outcomes associated
with PRS are concomitant with severe PRS lasting for more
than 5 min [29]. In our study, the degree of hypotension fol-
lowing reperfusion may not have been severe enough to in-
duce clinical damage. In a previous study comparing sevo-
flurane and propofol use among patients undergoing DDLT
[8], the authors observed no difference in early liver function
between the groups. Together, these results suggest that
there is no association between PRS and early postoperative
outcomes.

This study had several limitations. First, owing to the ret-
rospective design of the study, unmeasured covariates may
have impacted our results; however, stabilized IPTW analy-
sis was used to balance the differences between the groups
while preserving sample size [30]. Second, this analysis was
performed in a single center in Korea; thus, our results can-
not be generalized to patients in different centers and of dif-
ferent races. Third, no information regarding cytokines,
which are known to affect PRS, was available for this analy-
sis. Fourth, although the depth of anesthesia may have influ-
enced vital signs, we did not analyze BIS data in this study.
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However, the anesthetic level was controlled by the attend-
ing anesthesiologist to maintain a BIS level of 40-60.

In conclusion, our findings indicated that propofol use
was more strongly associated with PRS than sevoflurane use
in patients undergoing LDLT, although there was no associ-
ation between the type of anesthetic used and early postop-
erative outcomes. Further prospective trials are warranted to
determine the association between the anesthetic agent and
intraoperative PRS/postoperative outcomes to identify the
optimal anesthetic for liver transplantation.
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