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Background: Although dexmedetomidine (DEX) is widely used during the
perioperative period in patients with hepatocellular carcinoma (HCC), its
clinical effects on liver function and postoperative inflammation are unclear.
This study aimed to explore effects of DEX on postoperative liver function and
inflammation in patients with HCC after hepatectomy.

Methods: A retrospective cohort study with propensity score matching was
performed. A total of 494 patients who underwent hepatectomy from June 2019
to July 2020 and fulfilled the eligibility criteria were included in this study.
Baseline data, liver function indexes and inflammation-related biomarkers were
collected and compared between the two groups. Survival analysis was
conducted to investigate the effects of DEX on the overall survival (OS) of
patients. Propensity score matching (PSM) was used to minimize bias between
the two groups.

Results: The study cohort comprised 189 patients in the DEX-free group and 305
patients in the DEX group. Patients in the DEX group had lower levels of alanine
transaminase (ALT, P = 0.018) and lactate dehydrogenase (LDH, P = 0.046) and
higher level of serum albumin (ALB, P < 0.001) than patients in the DEX-free
group before discharge. A total of 107 pairs of patients were successfully
matched by PSM. Results consistently suggested that ALT and LDH levels were
significantly lower (P = 0.044 and P = 0.046, respectively) and ALB levels were
significantly higher (P = 0.002) in the DEX group than in the DEX-free group in
the early postoperative period. No significant differences of inflammation-related
biomarkers were observed between two groups after PSM. Neither the Kaplan—
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Meier survival analysis nor the multiple Cox regression survival analysis identified
DEX as a contributing factor that would affect the OS of patients after PSM.

Conclusion: DEX exerts protective effects on liver function while has little effects
on inflammation-related biomarkers in the early postoperative period in patients
undergoing hepatectomy due to HCC.

KEYWORDS

hepatocellular carcinoma, liver injury, inflammation, perioperative organ
damage, dexmedetomidine

1 Introduction

Hepatocellular carcinoma (HCC) has one of the highest
incidence rates among cancers worldwide and has become the
third leading cause of death among all types of cancers (1, 2).
Especially, in China, HCC is ranked as the second major cause of
cancer-related death owing to the prevalence of hepatitis virus (3). It
causes heavy burden on global health.

Despite the implementation of multiple treatment approaches such
as ablation, liver transplantation, immune checkpoints inhibitors and
CAR-T (chimeric antigen receptor T) immunotherapy for HCC in the
clinic, hepatectomy remains the preferred option for patients with
resectable HCC (4). Although hepatectomy effectively excises the
primary tumor, it simultaneously causes unavoidable liver injury.
Meanwhile, ischemia-reperfusion injury (IRI) induced by inflow
occlusion during hepatectomy significantly activates local and
systemic inflammatory responses, oxidative stress injury, and
multiple organ injury, including the liver, kidney, and heart (4-6),
which would even result in dangerous postoperative complications
such as hepatic failure, renal dysfunction, and irreversible myocardial
injury (4). Therefore, identifying the method to minimize liver injury
and ameliorate liver function during hepatectomy will be highly
clinically significant for patients with HCC.

As a highly selective 0,-receptor agonist, dexmedetomidine
(DEX) is widely used in clinical anesthesia for satisfactory
sedation and analgesia without causing respiratory depression and
hemodynamic instability (7). Moreover, animal and human studies
have reported that DEX is effective in preventing postoperative
delirium, promoting liver regeneration, inhibiting sepsis-induced
systemic inflammatory response and injury, and improving the
functions of important organs such as the kidney, lung, intestinal
tract, and heart postoperatively or in the intensive care unit (ICU)
(8-11). Several fundamental experiments have proved the
protective effects of DEX on liver function after surgery by
demonstrating that perioperative DEX use significantly reduced
inflammatory response and oxidative stress injury in hepatectomy
or liver transplantation surgeries (12-14).

Nevertheless, the effects of DEX on liver function were primarily
investigated in animal studies, and only a few clinical studies with
small sample sizes have investigated this issue in patients undergoing
hepatectomy (6, 15, 16). Therefore, we conducted this retrospective
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cohort study with a suitable sample size and using propensity score
matching (PSM) to determine the effects of DEX on liver function in
patients undergoing surgery due to HCC.

2 Methods
2.1 Study design

This retrospective, single-center cohort study was conducted in
the Eastern Hepatobiliary Surgery Hospital, Shanghai, China. This
study was approved by the Eastern Hepatobiliary Surgery Hospital’s
Institutional Review Board (Number: EHBHKY2021-K-011). We
included only those patients who granted authorization for future
research use of their medical records. This study was conducted
according to the Declaration of Helsinki and was consistent with the
STROBE criteria.

2.2 Participants

Patients aged >18 years, with American Society of
Anesthesiologists (ASA) scores of I-III and Child-Pugh stages A
and B, and who underwent elective hepatectomy for HCC
treatment from June 2019 to July 2020 were included in this
study. The exclusion criteria were as follows: (1) malignant
tumors in other organs, (2) a combination of thermal ablation or
chemoablation during hepatectomy, (3) any congenital liver disease
(e.g., polycystic liver disease and Wilson’s disease) or autoimmune
liver disease, (4) liver failure before surgery [defined according to
guidelines (17)], and (5) other severe organ failure before surgery
(i.e., heart failure was defined as a left ventricular ejection fraction of
< 35%, and renal failure was defined as a serum creatinine level of
>442 umol/L) (18, 19).

2.3 Intervention, anesthesia, and surgical
anesthesia care

Patients were divided into the DEX or DEX-free group based on
whether they received intravenous DEX or not during the
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perioperative period. As DEX is not available in the ICU or wards in
the Eastern Hepatobiliary Surgery Hospital, patients in the DEX
group were infused with DEX only during the surgery. The dosage
of DEX was collected from the digital medical records system.

Patients in both groups underwent hepatectomy under general
anesthesia. They were monitored according to the ASA monitoring
standards. Based on the preference of anesthetists, patients received
propofol, midazolam (optional), fentanyl/sufentanil/oxycodone,
and rocuronium for anesthesia induction. General anesthesia was
maintained with sevoflurane, rocuronium, sufentanil/remifentanil,
propofol (optional), and DEX (optional). Mechanical ventilation
was initiated after tracheal intubation, and Pp+CO, was maintained
in the range of 35-45 mmHg. The mean arterial blood pressure was
maintained at >60 mmHg with an infusion of Ringer’s lactate
solution and artificial colloid, or vasoactive agents when needed,
during the operation. Blood transfusion was initiated when the
patient’s hemoglobin level decreased to <7 mg/dl or decided by the
anesthesiologists based on the patients’ age, hemodynamic stability,
and presurgical hemoglobin levels when the hemoglobin level was
7-10 mg/dl.

For patients who received DEX during surgery, DEX was
diluted in 0.9% saline to a final concentration of 4 pg/ml, and a
total dose of 0.5-1.0 pg/kg was injected through an intravenous
pump during anesthesia induction and maintenance, as determined
by the anesthesiologist’s preference.

Standard hepatectomy was performed with or without
temporary hepatic inflow occlusion by experienced liver surgeons.
The duration of hepatic inflow occlusion was determined by
surgeons. The same therapy guidelines were followed by all
surgical teams.

Patients were transferred to the ICU or recovered in the post-
anesthesia care unit after surgery, as decided by surgeons.
Postoperative analgesia was provided by patient-controlled
intravenous analgesia (PCIA) based on a consensus between the
patient and the clinical team. For PCIA, an intravenous pump with
2.0 ug/kg sufentanil and 100 mg flurbiprofen axetil in 100 ml
normal saline was used. The infusion rate was 2 ml/h with 15-min
block time. In general, the pump was maintained for the first 2 days
after the operation.

2.4 Variables and data sources

Preoperative clinical characteristics of the patients, including
gender, age, height, weight, ASA score, Child-Pugh stage, TNM
stage, and comorbidity, were recorded. Intraoperative and
postoperative factors, including tumor location, tumor size, tumor
number, surgery information, types and doses of intraoperative
anesthetics, blood transfusion, fluid balance, postoperative
analgesia, ICU stay, and postoperative complications, were also
collected. Tumor size was defined as the maximum diameter of the
tumor or the average of the maximum diameter when there are
more than one tumor. The expression levels of liver function
biomarkers, including serum alanine transaminase (ALT),
aspartate aminotransferase (AST), lactate dehydrogenase (LDH),
total bilirubin (TBIL), and serum albumin (ALB), were collected at
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three time points: before operation, 24 h after operation, and before
discharge (the latest biochemical detection before discharge from
the hospital). The levels of inflammation biomarkers, including
serum C-reactive protein (CRP), WBC, and percentage of
neutrophils (N%) in peripheral blood, were also collected at the
abovementioned three time points.

All data were retrieved from the digital medical system or paper
medical records. Two trained researchers completed the data
collection and entered the data into the Excel or EpiData system.
Data regarding the survival condition of patients were obtained
from the digital medical system, surgeons, or telephone follow-up.
Data were censored for patients who were alive at the follow-up
closure date (April 7, 2022).

2.5 Study outcomes

The primary outcome was the serum ALT level. The secondary
outcomes included the expression levels of inflammatory
biomarkers (serum CRP, WBC number, and N%); the serum
levels of AST, TBIL, LDH, and ALB; and the overall survival (OS)
of the patients.

2.6 Statistical analysis

Statistical analyses were conducted using IBM SPSS Statistics
23.0 (SPSS Inc., Armonk, NY, USA). Categorical variables were
expressed as number (n), and continuous variables were expressed
as mean * standard deviation or mean + standard error (SEM) or
median [25% interquartile range, 75% interquartile range] based on
normality. Student’s t-test or the Mann-Whitney U test was
conducted to compare continuous variables. Categorical variables
were compared using the 2 test or Fisher’s exact test, where
appropriate. The differences in the levels of serum biomarkers
reflecting liver function and inflammation were analyzed using
two-way repeated analysis with the Bonferroni correction. All
statistical tests were two-sided, and a P value of <0.05 was
considered statistically significant.

The Kaplan-Meier survival analysis was performed, and curves
were generated using the log-rank test to identify the differences in
OS between the two groups. The curve for cumulative risk was also
generated. Next, a multivariable Cox regression analysis was
conducted to adjust potential bias. Potential risk factors with P <
0.05 in the univariable Cox analyses were included in the
multivariable Cox regression analysis.

The PSM method was applied to eliminate potential bias
between the two groups. A logistic regression model of PSM
was constructed using the covariates of ASA score, TNM stage,
viral hepatitis, cirrhosis, TACE before surgery, tumor size,
duration of hepatic inflow occlusion, volume of bleeding, plasma
transfusion, RBC transfusion, volume of crystalloid fluid, volume
of colloidal fluid, dosage of midazolam, and dosage of NSAIDs.
We applied 1:1 nearest neighbor matching without replacement to
ensure that conditional bias was minimized. The caliper width
was 0.1.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1108559
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al.

3 Results

As depicted in Figure 1, a total of 1069 patients who underwent
hepatectomy from June 1, 2019, to July 31, 2020, were screened for
the study. Then, 494 who fulfilled the criteria were finally enrolled
and divided into the DEX group (n = 305) and DEX-free group (n =
189). In addition to DEX dosage, several other baseline
characteristics of the patients, including the ASA score, hepatic
inflow occlusion duration, volume of bleeding, and midazolam
dosage, were significantly different between the two groups, as
shown in Table 1. To eliminate bias between the two groups,
PSM was performed, and 107 pairs of patients were successfully
matched finally. No significant differences were observed in the
PSM score and baseline characteristics, except the dosage of DEX,
between the two groups after PSM (Table 2).

3.1 Primary endpoint

Two-way repeated analysis of serum ALT levels revealed no
difference in ALT levels between the two groups before surgery
(Figure 2A). Although the ALT levels in both groups were generally
higher postoperatively than preoperative baseline levels, the levels
were significantly lower in the DEX group than in the DEX-free
group after surgery (P = 0.018 before PSM and P = 0.044 after PSM,
Figure 2A). Post hoc analysis further showed that the difference
between the two groups was significant before discharge (P = 0.003
before PSM and P = 0.005 after PSM), but not at 24 h after surgery,
although the difference appeared to be greater at this time
point (Figure 2A).

3.2 Effects of DEX on other liver
function biomarkers

The serum levels of AST, LDH, TBIL, and ALB showed no
differences between the two groups before surgery (Figures 2, 3). As

Patients had hepatectomy surgery from June
1,2019 to July 31,2020 in the Eastern
Hepatobiliary Surgery Hospital
(1=1069)

Patients for allocation
(n=494)

J |

DEX group DEX-free group
(n=305) (n=189)

Excluded based on
the exclusion criteria
(n=575

Propensity score
matching
excluded excluded
(n=198) (n=82)

DEX group after DEX-free group after

propensity score propensity score
matching matching
(n=107) (n=107)

Propensity score
matching

FIGURE 1
Flow diagram detailing the selection process for patients in this
study.
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shown in Figure 2B, the LDH serum levels were significantly lower
in the DEX group than in the DEX-free group postoperatively (P =
0.046 before PSM and P = 0.046 after PSM). Interestingly, the serum
levels of AST and TBIL remained comparable between the two
groups at all the examined time points both before and after PSM
(Figures 3A, B).

The results also revealed that the ALB serum levels were higher
in the DEX group than in the DEX-free group after surgery
(Figure 2C). The difference was more obvious at 24 h after
surgery (P < 0.001 for both before and after PSM) and remained
significant till before discharge (P = 0.008 before PSM and P = 0.054
after PSM). This finding indicated that DEX might not only
alleviate liver injury but also maintain the productive function of
the liver.

3.3 Effects of DEX on inflammation-
related biomarkers

Although there were no differences in serum CRP levels and
peripheral WBC count between the two groups at all time points
(Figures 3C, D), the N% in peripheral blood was slightly but
significantly higher in the DEX group at 24 h after surgery than
in the DEX-free group before PSM (P = 0.001, Figure 3E). However,
the difference was absent between the two groups after PSM (P =
0.496, Figure 3E). These results suggested that DEX did not have
much influence on postoperative inflammation in patients
undergoing hepatectomy.

3.4 Effects of DEX on the OS of patients

Before PSM, both univariable and multivariable Cox regression
analyses of OS suggested a worse OS for patients in the DEX group
(Supplementary Table 1, Supplementary Figure 1). However, there
was no difference in the OS of patients between the two groups (P =
0.059, HR = 1.96, 95% CI: 0.96-3.98) as evaluated by the Kaplan-
Meier survival analysis after PSM (Figure 4). We next included all
the risk factors which P < 0.05 in univariable Cox analyses into a
multivariable Cox regression analysis to adjust potential bias. As
shown in Table 3, there was still no difference in the OS between the
two groups (P = 0.076, HR = 2.00, 95% CI: 0.93-4.29). Interestingly,
the multiple Cox regression analysis suggested that drinking, PVTT,
and tumor size were independent risk factors for the OS of patients
undergoing hepatectomy due to HCC.

4 Discussion

This retrospective cohort study suggests possible protective
effects of DEX on liver function in patients with HCC who
underwent hepatectomy. Perioperative DEX use may not only
reduce liver injury but also improve the liver function of
producing ALB during hepatectomy. Little effects of DEX
on early postoperative inflammation were found between
two groups.
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TABLE 1 Clinical characteristics of patients between two groups before PSM.

DEX-free group

(n=189)

DEX group
(n=305)

10.3389/fonc.2023.1108559

P value

Preoperative

Gender (male/female) 153/36 246/59 0.94
Age (year) 57.1 (10.6) 56.1 (11.2) 0.32
Height (cm) 167.1 (6.9) 168.0 (6.1) 0.15
Weight (kg) 67.6 (11.5) 67.3 (9.0) 0.77
‘ ASA stage*
Tand II 182 (97.3%) 241 (79.8%) 0.00
111 5 (2.7%) 61 (20.2%)
Child-Pugh stage (A/B) 189/0 304/1 1.00
‘ TNM stage*
I 103 (54.5%) 169 (56.5%) 0.53
11 77 (40.7%) 110 (36.8%)
III and IV 9 (4.8%) 20 (6.7%)
Hypertension (Yes/No) 40/149 75/230 0.38
Diabetes (Yes/No) 21/168 37/268 0.73
Smoking (Yes/No) 71/118 139/166 0.08
Alcohol drinking (Yes/No) 56/133 91/214 0.96
Viral hepatitis*‘§ (Yes/No) 145/44 238/54 0.20
HBV-DNA > 50IU/ml* (Yes/No) 74/111 132/171 0.44
Cirrhosis* (Yes/No) 102/86 158/147 0.60
PVTT* (Yes/No) 7/167 18/225 0.15
TACE before surgery (Yes/No) 32/157 40/265 0.24
Intraoperative
Open/laparoscopic 182/7 290/14 0.63
Left/right/caudate/left + right lobe resection 49/121/2/17 60/206/6/32 0.37
Tumor number (Single/Multiple) 163/26 258/46 0.67
Tumor size (cm) 5.3 (3.7) 5.8 (4.0) 0.18
Length of hepatic inflow occlusion (min) 16 [9, 22] 20 [6, 33] 0.00
Volume of bleeding (ml) 200 [200, 400] 300 [200, 500] 0.00
Plasma transfusion (Yes/No) 17/172 67/238 0.00
RBC transfusion (Yes/No) 17/172 63/242 0.00
Crystalloid fluid** (ml) 1500 [1000, 1500] 1000 [1000, 1500] 0.00
Colloid fluid** (ml) 500 [500, 500] 700 [500, 1000] 0.00
ALB transfusion (g) 20 [20, 20] 20 [20, 20] 0.71
Dosage of opioids (equivalent dose of morphine, mg) 159.4 (91.3) 171.3 (97.2) 0.17
NSAIDs*® (mg) 0 [0, 37.5] 0 [0, 0] 0.18
Midazolam (mg) 2.0 [2.0, 2.0] 2.0 [0.0, 3.0] 0.00
DEX (ug) 0 40 [40, 50] 0.00
(Continued)
Frontiers in Oncology 05 frontiersin.org


https://doi.org/10.3389/fonc.2023.1108559
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al. 10.3389/fonc.2023.1108559

TABLE 1 Continued

e R
Postoperative
ICU care (Yes/No) 46/142 88/214 0.26
PCIA (Yes/No) 125/64 212/93 0.43

Postoperative complications

Fever™® (> 38°C over 48 h) 1(0.5%) 3 (1.0%) 0.54
Pain 14 (7.4%) 18 (5.9%)
Bleeding 2 (1.1%) 2 (0.7%)
Severe PONV*% 1 (0.5%) 0 (0.0%)

Variables are shown as “mean (SD)”, “number (%)” or “median [25% quartile, 75% quartile]”. HCC, Hepatocellular carcinoma; DEX, dexmedetomidine; ASA, American Society of
Anesthesiologists; TNM, Clinicopathological stage; HBV, hepatitis B viral; PVTT, portal vein tumor thrombus; TACE, transcatheter arterial chemoembolization; RBC, red blood cell; ALB,
Albumin; NSAIDs, non-steroidal anti-inflammatory drugs; PONV, postoperative nausea and vomiting; ICU, intensive care unit; PCIA, patient-controlled intravenous analgesia; SD, standard
deviation. PSM, propensity score matching.

Bold values mean P < 0.05

*Factors with single asterisk indicates patients with missing data.

*Viral hepatitis includes HBV and HCV infection.

**Crystalloid fluid means lactated Ringer’s solution and colloid fluid means hydroxyethyl starch solution (Voluven) in the studied center.

$SNSAIDs means flurbiprofen axetil in the studied center.

%% The body temperature is reflected by the armpit temperature. Severe PONV is defined as episodes of expulsion of gastric contents that need antiemetic treatment.

TABLE 2 Clinical characteristics of HCC patients between two groups after PSM.

o e g G
Propensity score 0.49 (0.23) 0.44 (0.23) 0.11
Preoperative
Gender (male/female) 92/15 87/20 0.36
Age (year) 55.9 (10.6) 54.8 (11.1) 0.49
Height (cm) 167.9 (6.8) 168.0 (5.5) 0.96
Weight (kg) 68.1 (11.4) 67.7 (9.0) 0.77
‘ ASA stage
Tand II 102 (95.3%) 94 (87.9%) 0.09
111 5 (4.7%) 13 (12.1%)
Child-Pugh stage (A/B) 107/0 107/0 1.00
‘ TNM stage

I 60 (56.1%) 57 (53.3%) 0.89

11 43 (40.2%) 45 (42.1%)

III and IV 4 (3.7%) 5 (4.7%)
Hypertension (Yes/No) 19/88 22/85 0.60
Diabetes (Yes/No) 13/94 15/92 0.69
Smoking (Yes/No) 41/66 42/65 0.89
Alcohol drinking (Yes/No) 31/76 32/75 0.88
Viral hepatitis® (Yes/No) 87/20 85/22 0.73
HBV-DNA > 50IU/ml* (Yes/No) 46/61 45/62 0.89
Cirrhosis (Yes/No) 55/52 54/53 0.89

(Continued)
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TABLE 2 Continued

10.3389/fonc.2023.1108559

ek e groce e

PVTT (Yes/No/Missing) 4/96/7 6/83/18 0.40
TACE before surgery (Yes/No) 20/87 17/90 0.59
Intraoperative
Open/laparoscopic 105/2 99/8 0.10
Left/right/caudate/left + right lobe resection 28/70/1/8 24/74/217 0.85
Tumor number (Single/Multiple) 94/13 91/16 0.55
Tumor size (cm) 5.4 (4.0) 5.5(3.7) 0.95
Length of hepatic inflow occlusion (min) 17 [9, 23] 15 [0, 29] 0.97
Volume of bleeding (ml) 200 [200, 400] 300 [200, 400] 0.41
Plasma transfusion (Yes/No) 13/94 18/89 0.33
RBC transfusion (Yes/No) 13/94 18/89 0.33
Crystalloid fluid* (ml) 1500 [1000, 1500] 1000 [1000, 1500] 0.56
Colloid fluid* (ml) 500 [500, 500] 500 [500, 750] 0.40
ALB transfusion (g) 20 [20, 20] 20 [20, 20] 0.18
Dosage of opioids (equivalent dose of morphine, mg) 157.8 (90.5) 142.8 (90.8) 0.23
NSAIDs*® (mg) 0 [0, 0] 0 [0, 0] 0.43
Midazolam (mg) 2.0 [2.0, 2.0] 2.0 [2.0, 3.0] 0.45
DEX (ug) 0 40 [40, 40] 0.00
Postoperative
ICU care (Yes/No) 30/76 34/70 0.49
PCIA (Yes/No) 68/39 67/40 0.89
Postoperative complications

Fever*™® (> 38°C over 48 h) 0 (0.0%) 1 (0.9%) 0.70

Pain 8 (7.5%) 8 (7.5%)

Bleeding 2 (1.9%) 1 (0.9%)

Severe PONV*®S 0 (0.0%) 0 (0.0%)

Variables are shown as “mean (SD)”, “number (%)” or “median [25% quartile, 75% quartile]”. HCC, Hepatocellular carcinoma; DEX, dexmedetomidine; ASA, American Society of
Anesthesiologists; TNM, Clinicopathological stage; HBV, hepatitis B viral; PVTT, portal vein tumor thrombus; TACE, transcatheter arterial chemoembolization; RBC, red blood cell; ALB,
Albumin; NSAIDs, non-steroidal anti-inflammatory drugs; PONV, postoperative nausea and vomiting; ICU, intensive care unit; PCIA, patient-controlled intravenous analgesia; SD, standard

deviation; PSM, propensity score matching.
SViral hepatitis includes HBV and HCV infection.

*Crystalloid fluid means lactated Ringer’s solution and colloid fluid means hydroxyethyl starch solution (Voluven) in the studied center.

$SNSAIDs means flurbiprofen axetil in the studied center.

%% The body temperature is reflected by the armpit temperature. Severe PONV is defined as episodes of expulsion of gastric contents that need antiemetic treatment.

With the development of surgical techniques and perioperative
management, resection of hepatic tumors has been one of the most
popular choices for patients with HCC (2018). The application of the
occlusion of portal triad and total vascular exclusion minimizes
intraoperative blood loss and the need for blood transfusion (4, 20).
Nonetheless, both techniques cause inevitable IRI that may impair liver
function and regeneration after hepatectomy. Furthermore, surgical
trauma and stress response, excessive inflammatory response, and poor
liver conditions with hepatitis or cirrhosis cause heavy burden on the
liver (21). Therefore, perioperative protection of the liver is of
significant concern for patients undergoing hepatectomy (22).
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Numerous strategies have been designed for reducing liver
injury and postoperative inflammatory response, and preserving
liver function during hepatectomy (23, 24). For instance, studies
have suggested that remote ischemia preconditioning (RIPC) could
effectively reduce hepatic IRI after liver resection. In a randomized
controlled trial (RCT) (23), our team investigated the effects of
RIPC on hepatic IRI in patients undergoing liver resection (23). It
was observed that the serum levels of ALT and AST were
significantly decreased in the RIPC group compared to those in
the control group. Second, some promising drugs such as
ulinastatin and oxygen radical scavengers have been used for
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inhibiting inflammatory responses and oxidative stress (25, 26).
However, their clinical application and validation are rarely
reported and require more evidence.

DEX, a widely used sedative during surgery, was approved for
sedation and analgesia by the United States Drug and Food
Administration in 1999 (7). Owing to its excellent advantages of
sedation, analgesia, antianxiety, inhibition of sympathetic nervous
excitation, cardiovascular stabilization, and prevention of
postoperative delirium, DEX has been widely used in clinical
anesthesia and the ICU (8, 10, 27, 28). The contraindications of
DEX mainly include 1) patients allergic to DEX, 2) pregnant, lactating
women, and patients with severe heart block. Interestingly, numerous
basic studies have also shown that DEX exerts strong multiorgan
protective effects, including the liver, lung, heart, kidney, brain, and
intestinal tract (5, 29, 30). These exciting findings prompt a series of
clinical investigations. A meta-analysis discussed the effects of DEX
on attenuating one-lung ventilation-associated lung injury by
reviewing 20 clinical trials (31). The results suggested that
perioperative administration of DEX could attenuate inflammation
and ameliorate pulmonary oxygenation. Another meta-analysis
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reported that perioperative DEX infusion inhibited the release of
epinephrine, norepinephrine, and cortisol and decreased the levels of
blood glucose, interleukin (IL)-6, tumor necrosis factor-o. (TNF-cx),
and CRP (5). In addition, the immune function was improved (5, 28,
32). Li et al. (27) also systematically reviewed the anti-inflammatory
effects of perioperative DEX administration as an adjunct to general
anesthesia in 15 clinical trials and reported significant decreases in the
serum levels of IL-6, IL-8, and TNE-o after DEX use.

Several clinical studies have also explored the effects of DEX on
liver protection (15, 16, 29). In an RCT conducted by Wang et al,
perioperative administration of DEX was found to attenuate
intestinal and hepatic injury in patients undergoing elective liver
resection with inflow occlusion with no potential risk (15). In another
RCT conducted by Zhang et al., the concentrations of o.-glutathione
S-transferase, IL-6, TNF-o, ALT, and AST were found to be
significantly lower in the DEX group than in the control group (6).
Nevertheless, the sample sizes of these studies were relatively small
(n = 22-29 per group). In our study, we included 494 patients for
analysis in total. Protective effects of DEX on the liver along with a
decrease in the serum levels of ALT and LDH in the DEX group
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blood. Data were expressed as mean + standard deviation. **, P < 0.01.

were observed, compared to those in the DEX-free group.
Interestingly, our results also suggested that the ALB level was
significantly higher at 24h after surgery in the DEX group, which
had not been reported previously in the case of hepatectomy. It
appears that DEX could maintain the productive function of the
liver as well. These findings support the use of DEX for reducing
liver injury and maintaining ALB production in hepatectomy, which
may bring significant improvement of liver function for patients.
However, no differences in the levels of inflammation biomarkers
such as serum CRP, WBC, and N% in peripheral blood between the
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two groups were found, indicating that DEX may exerted limited
effects on early postoperative inflammatory responses.

The potential mechanism of action of DEX in alleviating liver
injury involves multiple aspects such as anti-inflammatory and
anti-IRI effects (33, 34), inhibition of hepatocyte apoptosis (35, 36),
promotion of liver regeneration (9), regulation of immune function,
and attenuation of oxidative stress (13, 35, 37). For instance, Zhang
et al. reported that DEX could alleviate hepatic injury following
intestinal IRI in vivo and vitro by upregulating -catenin expression
(34). Zhao et al. found that DEX alleviated hepatic injury by
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TABLE 3 Univariable and multivariable Cox regression model analysis of OS in patients after PSM.

Univariable Cox analysis

Independent predictive factor

Multiple Cox analysis

95% ClI P value 95% Cl P value
DEX usage
DEX-free 1 0.96-3.98 0.059 1 0.93-4.29 0.076
DEX 1.96 2.00
Drinking
No 1 1.02-4.00 0.045 1 1.05-4.78 0.038
Yes 2.02 2.23
PVTT
No 1 2.45-14.86 0.000 1 1.49-10.12 0.005
Yes 6.04 3.89
Tumor size*
<3cm 1 1.13-3.17 0.015 1 1.01-4.27 0.048
>3 cm 1.89 2.07
Hepatic inflow occlusion
No 1 0.24-0.96 0.039 1 0.24-1.27 0.165
Yes 0.48 0.56
Plasma or RBC transfusion
No 1 1.07-4.75 0.032 1 0.62-3.79 0.358
Yes 226 1.53

OS, overall survival; DEX, dexmedetomidine; HR, hazard ratio; CI, confidence interval; PVTT, portal vein tumor thrombus; RBC, red blood cell; PSM, propensity score matching.
* Tumor size is defined as the maximum diameter of tumor or the sum of maximum diameter when tumor number exceeds one.

inhibiting oxidative stress and activating the Nrf2/HO-1 signaling
pathway in vitro (13). Other potential signaling pathways that are
regulated by DEX include TLR4/MyD88/NF-«B, GSK-33/MKP-1/
Nrf2, and PI3K/AKT (35, 38, 39). Studies have also shown that
miRNA and LncRNA were regulated by DEX (36, 40, 41).
Regarding the effect of DEX on cancer biology, it still remains
unclear and controversial (41-44). Basic and clinical studies have
suggested that DEX could regulate the malignancy of cancer cells
and influence the prognosis of patients, but the conclusions are
conflicting (41, 44, 45). Though significant decrease in OS was
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found in the DEX group compared with the DEX-free group only
before PSM, the difference disappeared after PSM. Therefore, it is
hard to draw conclusions regarding the effects of DEX on the
prognosis of patients with HCC based on the present findings, and
therefore further well-designed, large sample size, prospective
studies are required to explore the effects of DEX on the
malignance of cancer cells. Considering the possible adverse
effects of DEX on the long-term prognosis of patients with HCC,
we should balance the benefits and harm of DEX for patients
undergoing hepatectomy.
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This study has several limitations. First, it is a single-center
retrospective study, and a multicenter or a prospective cohort study
with a larger sample size would elevate the reliability of our findings.
Second, the duration of protective effects induced by DEX is
unclear, and more investigative time points are necessary. Third,
examination of more liver function and inflammation biomarkers
may help us understand the effects of DEX on liver function and

inflammatory response in a more comprehensive manner.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and
approved by This study was approved by the Eastern Hepatobiliary
Surgery Hospital’s Institutional Review Board (Number:
EHBHKY2021-K-011). The patients/participants provided their
written informed consent to participate in this study.

Author contributions

Conceptualization, XW, YSu and JT. Methodology, XW, BQ
and Y-RL. Software, XW and JL. Validation, YSh, ZP and YSu.
Formal analysis, XW, ZP and FW. Investigation, JT. Resources,
XW, XL and YL. Data curation, XW, YZ and XL. Writing—original
draft preparation, XW and YSh; writing—review and editing,
ZP and JT; supervision, JT. Funding acquisition, YSu, ZP, BQ and
JT. All authors contributed to the article and approved the
submitted version.

Funding

This work was supported by the National Natural Science
Foundation of China (No. 82171177, 32030043, 81971223); the

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer ] Clin (2018) 68(6):394-424. doi: 10.3322/
caac.21492

2. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistic. CA Cancer ] Clin
(2021) 71(1):7-33. doi: 10.3322/caac.21654

3. Zheng R, Zhang S, Zeng H, Wang S, Sun K, Chen R, et al. Cancer incidence and
mortality in chin. ] Natl Cancer Center (2022) 2(1):1-9. doi: 10.1016/j.jncc.2022.02.002

4. Clavien PA, Petrowsky H, DeOliveira ML, Graf R. Strategies for safer liver surgery
and partial liver transplantation. N Engl ] Med (2007) 356(15):1545-59. doi: 10.1056/
NEJMra065156

Frontiers in Oncology

11

10.3389/fonc.2023.1108559

Shanghai Science and Technology Committee Foundation (No.
19ZR1430600, 19ZR1400400).; the Area Municipal Commission
of Health and Family Planning Funding (PWZxq2017-06); the
Shanghai Municipal Education Commission(Grant number 2019-
01-07-00-01-E00074); the Clinical Research Plan of SHDC (No.
SHDC2020CR4062); the Shanghai Municipal Key Clinical Specialty
(No. shslczdzk03601); the Shanghai Engineering Research Center of
Peri-operative Organ Support and Function Preservation (No.
20DZ2254200). The Shanghai 2021 “Science and Technology
Innovation Action Plan” domestic science and technology
cooperation project (No. 21015801500) and Shanghai Municipal
Health Commission/Traditional Chinese Medicine Research Fund
(No. 2020JP003); the Shanghai Municipal Health Commission
Foundation (202040013).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1108559/
full#supplementary-material

SUPPLEMENTARY FIGURE 1

Survival analysis of patients before PSM. (A), the Kaplan—Meier survival curve
of patients in the two groups. (B), the cumulative risk of patients in the
two groups.

5. Wang K, Wu M, Xu J, Wu C, Zhang B, Wang G, et al. Effects of dexmedetomidine
on perioperative stress, inflammation, and immune function: systematic review and
meta-analysis. Br ] Anaesth (2019) 123(6):777-94. doi: 10.1016/j.bja.2019.07.027

6. Zhang Y, Liu M, Yang Y, Cao J, Mi W. Dexmedetomidine exerts a protective
effect on ischemia-reperfusion injury after hepatectomy: a prospective, randomized,
controlled study. J Clin Anesth (2020) 61:109631. doi: 10.1016/j.jclinane.2019.109631

7. Weerink MAS, Struys M, Hannivoort LN, Barends CRM, Absalom AR, Colin P.
Clinical pharmacokinetics and pharmacodynamics of dexmedetomidine. Clin
Pharmacokinet (2017) 56(8):893-913. doi: 10.1007/s40262-017-0507-7

8. Su X, Meng ZT, Wu XH, Cui F, Li HL, Wang DX, et al. Dexmedetomidine for
prevention of delirium in elderly patients after non-cardiac surgery: a randomised,

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1108559/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1108559/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21654
https://doi.org/10.1016/j.jncc.2022.02.002
https://doi.org/10.1056/NEJMra065156
https://doi.org/10.1056/NEJMra065156
https://doi.org/10.1016/j.bja.2019.07.027
https://doi.org/10.1016/j.jclinane.2019.109631
https://doi.org/10.1007/s40262-017-0507-7
https://doi.org/10.3389/fonc.2023.1108559
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al.

double-blind, placebo-controlled trial. Lancet (2016) 388(10054):1893-902.
doi: 10.1016/s0140-6736(16)30580-3

9. Lv M, Zeng H, He Y, Zhang J, Tan G. Dexmedetomidine promotes liver
regeneration in mice after 70% partial hepatectomy by suppressing NLRP3
inflammasome not TLR4/NFxB. Int Immunopharmacol (2018) 54:46-51.
doi: 10.1016/j.intimp.2017.10.030

10. Flanders CA, Rocke AS, Edwardson SA, Baillie JK, Walsh TS. The effect of
dexmedetomidine and clonidine on the inflammatory response in critical illness: a
systematic review of animal and human studies. Crit Care (2019) 23(1):402.
doi: 10.1186/s13054-019-2690-4

11. Zhang L, Li N, Cui LL, Xue FS, Zhu ZJ]. Intraoperative low-dose
dexmedetomidine administration associated with reduced hepatic ischemia-
reperfusion injury in pediatric deceased liver transplantation: a retrospective cohort
study. Ann Transplant (2021) 26:¢933354. doi: 10.12659/a0t.933354

12. Chi X, Wei X, Gao W, Guan J, Yu X, Wang Y, et al. Dexmedetomidine
ameliorates acute lung injury following orthotopic autologous liver transplantation
in rats probably by inhibiting toll-like receptor 4-nuclear factor kappa b signaling. J
Transl Med (2015) 13:190. doi: 10.1186/s12967-015-0554-5

13. Zhao Y, Kong GY, Pei WM, Zhou B, Zhang QQ, Pan BB. Dexmedetomidine
alleviates hepatic injury via the inhibition of oxidative stress and activation of the Nrf2/
HO-1 signaling pathway. Eur Cytokine Netw (2019) 30(3):88-97. doi: 10.1684/
ecn.2019.0431

14. Yu Q, Zou L, Yuan X, Fang F, Xu F. Dexmedetomidine protects against septic
liver injury by enhancing autophagy through activation of the AMPK/SIRT1 signaling
pathway. Front Pharmacol (2021) 12:658677. doi: 10.3389/fphar.2021.658677

15. Wang ZX, Huang CY, Hua YP, Huang WQ, Deng LH, Liu KX.
Dexmedetomidine reduces intestinal and hepatic injury after hepatectomy with
inflow occlusion under general anaesthesia: a randomized controlled trial. Br |
Anaesth (2014) 112(6):1055-64. doi: 10.1093/bja/aeul32

16. Taman HI, Elhefnawy E. Hepatic protective effect of dexmedetomidine after
partial hepatectomy surgery: a prospective controlled study. Anesth Essays Res (2019)
13(1):132-7. doi: 10.4103/aer.AER_106_18

17. [Guideline for diagnosis and treatment of liver failure]. Zhonghua Gan Zang
Bing Za Zhi (2019) 27(1):18-26. doi: 10.3760/cma.j.issn.1007-3418.2019.01.006

18. Bauersachs J, de Boer RA, Lindenfeld J, Bozkurt B. The year in cardiovascular
medicine 2021: heart failure and cardiomyopathies. Eur Heart J (2022) 43(5):367-76.
doi: 10.1093/eurheartj/ehab887

19. Taal MW. Defining improvement in chronic kidney disease: regression and
remission. Curr Opin Nephrol Hypertens (2022) 31(6):517-21. doi: 10.1097/
mnh.0000000000000830

20. EASL clinical practice guidelines: management of hepatocellular carcinoma.
] Hepatol (2018) 69(1):182-236. doi: 10.1016/j.jhep.2018.03.019

21. Wendon J, Cordoba J, Dhawan A, Larsen FS, Manns M, Samuel D, et al. EASL
clinical practical guidelines on the management of acute (fulminant) liver failure. J
Hepatol (2017) 66(5):1047-81. doi: 10.1016/j.jhep.2016.12.003

22. Galle PR, Tovoli F, Foerster F, Worns MA, Cucchetti A, Bolondi L. The
treatment of intermediate stage tumours beyond TACE: from surgery to systemic
therapy. ] Hepatol (2017) 67(1):173-83. doi: 10.1016/j.jhep.2017.03.007

23. Wu G, Chen M, Wang X, Kong E, Yu W, Sun Y, et al. Effect of remote ischemic
preconditioning on hepatic ischemia-reperfusion injury in patients undergoing liver
resection: a randomized controlled trial. Minerva Anestesiol (2020) 86(3):252-60.
doi: 10.23736/50375-9393.19.13838-2

24. Zhang H, Zhang T, Zhong F, Xia X. Effects of remote ischemic preconditioning
on liver injury following hepatectomy: a systematic review and meta-analysis of
randomized control trials. Surg Today (2021) 51(8):1251-60. doi: 10.1007/s00595-
020-02205-1

25. Bahde R, Spiegel HU. Hepatic ischaemia-reperfusion injury from bench to
bedside. Br J Surg (2010) 97(10):1461-75. doi: 10.1002/bjs.7176

26. Fang S, Li P, Zhu C, Han X, Bao P, Guo W. Research progress of ulinastatin in
the treatment of liver diseases. Int J Clin Exp Pathol (2020) 13(11):2720-6.

27. LiB, LiY, Tian S, Wang H, Wu H, Zhang A, et al. Anti-inflammatory effects of
perioperative dexmedetomidine administered as an adjunct to general anesthesia: a
meta-analysis. Sci Rep (2015) 5:12342. doi: 10.1038/srep12342

Frontiers in Oncology

12

10.3389/fonc.2023.1108559

28. Lee CF, Cheng CH, Hung HC, Lee JC, Wang YC, Wu TH, et al. Sedative and
immunosuppressive effects of dexmedetomidine in transplantation. Pharm (Basel)
(2021) 14(8):825. doi: 10.3390/ph14080825

29. Jiang L, Hu M, Lu Y, Cao Y, Chang Y, Dai Z. The protective effects of
dexmedetomidine on ischemic brain injury: a meta-analysis. J Clin Anesth (2017)
40:25-32. doi: 10.1016/j.jclinane.2017.04.003

30. Bao N, Tang B. Organ-protective effects and the underlying mechanism of
dexmedetomidine. Mediators Inflammation (2020) 2020:6136105. doi: 10.1155/2020/
6136105

31. Bai YX, Zhang JH, Zhao BC, Liu KX, Bai YW. Dexmedetomidine attenuates
one-lung ventilation associated lung injury by suppressing inflammatory responses: a
systematic review and meta-analysis. Clin Exp Pharmacol Physiol (2021) 48(9):1203-
14. doi: 10.1111/1440-1681.13525

32. HuangL, Qin C, Wang L, Zhang T, Li J. Effects of dexmedetomidine on immune
response in patients undergoing radical and reconstructive surgery for oral cancer.
Oncol Lett (2021) 21(2):106. doi: 10.3892/01.2020.12367

33. Huang YQ, Wen RT, Li XT, Zhang J, Yu ZY, Feng YF. The protective effect of
dexmedetomidine against ischemia-reperfusion injury after hepatectomy: a meta-
analysis of randomized controlled trials. Front Pharmacol (2021) 12:747911.
doi: 10.3389/fphar.2021.747911

34. Zhang YN, Chang ZN, Liu ZM, Wen SH, Zhan YQ, Lai HJ, et al.
Dexmedetomidine alleviates gut-vascular barrier damage and distant hepatic injury
following intestinal Ischemia/Reperfusion injury in mice. Anesth Analg (2022) 134
(2):419-31. doi: 10.1213/ane.0000000000005810

35. Sha J, Zhang H, Zhao Y, Feng X, Hu X, Wang C, et al. Dexmedetomidine
attenuates lipopolysaccharide-induced liver oxidative stress and cell apoptosis in rats by
increasing GSK-3B/MKP-1/Nrf2 pathway activity via the o2 adrenergic receptor.
Toxicol Appl Pharmacol (2019) 364:144-52. doi: 10.1016/j.taap.2018.12.017

36. Gu XX, Xu XX, Liao HH, Wu RN, Huang WM, Cheng LX, et al.
Dexmedetomidine hydrochloride inhibits hepatocyte apoptosis and inflammation by
activating the IncRNA TUG1/miR-194/SIRT1 signaling pathway. J Inflammation
(Lond) (2021) 18(1):20. doi: 10.1186/s12950-021-00287-3

37. Zhang YS, Jin L], Zhou X, Liu Y, Li Y, Wen LY. Effect of dexmedetomidine on
stress reactions and cellular immune function of patients in perioperative period
following radial resection for rectal carcinoma. J Biol Regul Homeost Agents (2018) 32
(1):139-45.

38. Zhang F, Ding T, Yu L, Zhong Y, Dai H, Yan M. Dexmedetomidine protects
against oxygen-glucose deprivation-induced injury through the I2 imidazoline
receptor-PI3K/AKT pathway in rat C6 glioma cells. ] Pharm Pharmacol (2012) 64
(1):120-7. doi: 10.1111/j.2042-7158.2011.01382.x

39. ZiSF, LiJH, Liu L, Deng C, Ao X, Chen DD, et al. Dexmedetomidine-mediated
protection against septic liver injury depends on TLR4/MyD88/NF-xB signaling
downregulation partly via cholinergic anti-inflammatory mechanisms. Int
Immunopharmacol (2019) 76:105898. doi: 10.1016/j.intimp.2019.105898

40. Tian H, Hou L, Xiong Y, Cheng Q. Dexmedetomidine upregulates microRNA-
185 to suppress ovarian cancer growth via inhibiting the SOX9/Wnt/B-catenin signaling
pathway. Cell Cycle (2021) 20(8):765-80. doi: 10.1080/15384101.2021.1897270

41. Zhou L, Li J, Liu X, Tang Y, Li T, Deng H, et al. Dexmedetomidine promotes
apoptosis and suppresses proliferation of hepatocellular carcinoma cells via
microRNA-130a/EGR1 axis. Cell Death Discovery (2022) 8(1):31. doi: 10.1038/
541420-021-00805-5

42. Inada T, Shirane A, Hamano N, Yamada M, Kambara T, Shingu K. Effect of
subhypnotic doses of dexmedetomidine on antitumor immunity in mice.
Immunopharmacol Immunotoxicol (2005) 27(3):357-69. doi: 10.1080/08923970500240883

43. Wang C, Datoo T, Zhao H, Wu L, Date A, Jiang C, et al. Midazolam and
dexmedetomidine affect neuroglioma and lung carcinoma cell biology In Vitro and In
Vivo. Anesthesiology (2018) 129(5):1000-14. doi: 10.1097/aln.0000000000002401

44. Chen P, Luo X, Dai G, Jiang Y, Luo Y, Peng S, et al. Dexmedetomidine promotes
the progression of hepatocellular carcinoma through hepatic stellate cell activation. Exp
Mol Med (2020) 52(7):1062-74. doi: 10.1038/s12276-020-0461-6

45, Liu Y, Sun J, Wu T, Lu X, Du Y, Duan H, et al. Effects of serum from breast
cancer surgery patients receiving perioperative dexmedetomidine on breast cancer cell
malignancy: a prospective randomized controlled trial. Cancer Med (2019) 8(18):7603—
12. doi: 10.1002/cam4.2654

frontiersin.org


https://doi.org/10.1016/s0140-6736(16)30580-3
https://doi.org/10.1016/j.intimp.2017.10.030
https://doi.org/10.1186/s13054-019-2690-4
https://doi.org/10.12659/aot.933354
https://doi.org/10.1186/s12967-015-0554-5
https://doi.org/10.1684/ecn.2019.0431
https://doi.org/10.1684/ecn.2019.0431
https://doi.org/10.3389/fphar.2021.658677
https://doi.org/10.1093/bja/aeu132
https://doi.org/10.4103/aer.AER_106_18
https://doi.org/10.3760/cma.j.issn.1007-3418.2019.01.006
https://doi.org/10.1093/eurheartj/ehab887
https://doi.org/10.1097/mnh.0000000000000830
https://doi.org/10.1097/mnh.0000000000000830
https://doi.org/10.1016/j.jhep.2018.03.019
https://doi.org/10.1016/j.jhep.2016.12.003
https://doi.org/10.1016/j.jhep.2017.03.007
https://doi.org/10.23736/s0375-9393.19.13838-2
https://doi.org/10.1007/s00595-020-02205-1
https://doi.org/10.1007/s00595-020-02205-1
https://doi.org/10.1002/bjs.7176
https://doi.org/10.1038/srep12342
https://doi.org/10.3390/ph14080825
https://doi.org/10.1016/j.jclinane.2017.04.003
https://doi.org/10.1155/2020/6136105
https://doi.org/10.1155/2020/6136105
https://doi.org/10.1111/1440-1681.13525
https://doi.org/10.3892/ol.2020.12367
https://doi.org/10.3389/fphar.2021.747911
https://doi.org/10.1213/ane.0000000000005810
https://doi.org/10.1016/j.taap.2018.12.017
https://doi.org/10.1186/s12950-021-00287-3
https://doi.org/10.1111/j.2042-7158.2011.01382.x
https://doi.org/10.1016/j.intimp.2019.105898
https://doi.org/10.1080/15384101.2021.1897270
https://doi.org/10.1038/s41420-021-00805-5
https://doi.org/10.1038/s41420-021-00805-5
https://doi.org/10.1080/08923970500240883
https://doi.org/10.1097/aln.0000000000002401
https://doi.org/10.1038/s12276-020-0461-6
https://doi.org/10.1002/cam4.2654
https://doi.org/10.3389/fonc.2023.1108559
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Dexmedetomidine ameliorates liver injury and maintains liver function in patients with hepatocellular carcinoma after hepatectomy: a retrospective cohort study with propensity score matching
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Participants
	2.3 Intervention, anesthesia, and surgical anesthesia care
	2.4 Variables and data sources
	2.5 Study outcomes
	2.6 Statistical analysis

	3 Results
	3.1 Primary endpoint
	3.2 Effects of DEX on other liver function biomarkers
	3.3 Effects of DEX on inflammation-related biomarkers
	3.4 Effects of DEX on the OS of patients

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


