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ABSTRACT

Introduction: The aim of this work is to evalu-
ate the clinical efficacy and safety of sufentanil
vs. remifentanil anesthesia in elderly patients
undergoing curative resection for hepatocellu-
lar carcinoma (HCC).
Methods: Medical records of elderly patients
aged C 65 years who received curative resection
for HCC between January 2017 and December
2020 were retrospectively reviewed. The
patients were divided into either the sufentanil
group or the remifentanil group according to
the method of analgesia used. Vital signs
including mean arterial pressure (MAP), heart
rate (HR), and arterial oxygen saturation (SpO2),
distribution of T-cell subsets (CD3, CD4, and
CD8 lymphocytes), distribution of the stress
response index [cortisol (COR), interleukin (IL)-
6, C-reactive protein (CRP), and glucose (GLU)]
were recorded prior to anesthesia (T0), after
induction of anesthesia (T1), at the end of sur-
gery (T2), 24 h after surgery (T3), and 72 h after
surgery (T4). Postoperative adverse events were
collected.

Results: Repeated measure analysis of variance
(ANOVA) showed that after controlling for
baseline patient demographic and treatment
characteristics as covariates, both between- and
within-group effects were significant (all
P\ 0.01), and the interaction between time and
treatments was also significant (all P\0.01) in
the vital signs (MAP, HR, and SpO2), distribu-
tion of T-cell subsets (CD3, CD4, and CD8
lymphocytes), and distribution of the stress
response index (COR, IL-6, CRP, and GLU),
indicating that sufentanil led to stable hemo-
dynamic and respiratory functions, lower
reduction of T-lymphocyte subsets, and
stable stress response indices compared to
remifentanil. There is no significant difference
in adverse reactions between the two groups
(P = 0.72).
Conclusions: Sufentanil was associated with
improved hemodynamic and respiratory func-
tion, less stress response, less inhibition of cel-
lular immunity, and similar adverse reactions
compared with remifentanil.
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Key Summary Points

Why carry out this study?

Hepatocellular carcinoma (HCC) is the
leading cause of cancer-related mortality
worldwide. Induction of anesthesia is
critical for the prognosis of the HCC
operation.

Sufentanil and remifentanil are widely
adopted in many operations. However,
few comparative studies are available on
the application of the two agonists in the
surgical treatment of HCC.

What was learned from the study?

Sufentanil was associated with improved
hemodynamic and respiratory function,
less stress response, less inhibition of
cellular immunity, and similar adverse
reactions compared to remifentanil.

Sufentanil has the potential to become the
first choice of anesthesia to be used in the
clinic for elderly patients who undergo
curative resection for HCC.

INTRODUCTION

Hepatocellular carcinoma (HCC) is a common
cancer in patients with chronic liver disease and
is the leading cause of cancer-related mortality
worldwide. According to the World Health
Organization, HCC is responsible for over
800,000 new cases and an estimated 783,000
deaths in 2018 [1]. China is a region with a high
incidence of liver cancer, and more than 53% of
the total HCC patients in the world come from
China [2].

Surgical treatment has become the most
widely used and effective method for the treat-
ment of HCC [3]. In the HCC operation,
induction of anesthesia is an important activity
and is commonly associated with high chances
of hemodynamic instability, hypoxia,

arrhythmias, and excitatory reflexes. Thus, the
induction process should be quick and devoid
of any such effects [4]. Sufentanil and remifen-
tanil are opioid receptor agonists with great
analgesic effects and good safety profiles in
many operations [5–8]. However, few compar-
ative studies are available on the application of
the two agonists in the surgical treatment of
HCC.

This study aims to evaluate the clinical effi-
cacy and safety of sufentanil vs. remifentanil
anesthesia in elderly patients undergoing sur-
gery for HCC.

METHODS

Patients

Elderly patients (C 65 years) who received
curative resection for HCC, with administrating
sufentanil or remifentanil at our hospital from
January 2017 to December 2020 were included
in this study. The inclusion criteria were as
follows: postoperative pathology shows hepa-
tocellular carcinoma, diagnosis of primary liver
cancer stage I–III according to the eighth edi-
tion of American Joint Committee on Cancer
(AJCC) tumor, node, metastasis (TNM) staging,
complete clinical basic information, periopera-
tive laboratory test results, and postoperative
follow-up data. The exclusion criteria included
preoperative chemotherapy and radiotherapy,
preoperative infectious diseases, autoimmune
diseases, and other malignant tumors, loss of
follow-up, and lack of perioperative hematology
records. The patients were divided into either
the sufentanil group or the remifentanil group
according to the method of analgesia used.

This study was approved by the Ethics
Committee of the General Hospital of Central
Theater Command of the Chinese People’s
Liberation Army (approval No. 2022013). All
procedures involving human participants were
performed by the 1964 Declaration of Helsinki
and its later amendments or comparable ethical
standards. As this is a retrospective study,
informed consent was waived by the Ethic
Committee of the General Hospital of Central
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Theater Command of the Chinese People’s
Liberation Army.

Anesthesia Care

Before surgery, an electrocardiogram and mon-
itoring of vital signs were implemented in the
two groups of patients. In the sufentanil group,
patients were induced by a bolus of midazolam,
0.07 mg/kg (Nhwa Pharmaceutical Co., Ltd,
Xuzhou, China), and a bolus of sufentanil, 2 lg/
kg (Humanwell Healthcare; Yichang, China).
Mechanical ventilation was carried out when
the plasma concentration of patients was in a
state of equilibrium. During surgery, a contin-
uous infusion of sufentanil (0.025 lg/kg/min)
was started. Additional midazolam was given as
an intravenous bolus, 0.03–0.07 mg/kg, as
indicated by the anesthesiologist. In the
remifentanil group, induction was achieved
using a continuous infusion of remifentanil,
1 lg/kg/min. Ventilation and usage of midazo-
lam were performed as in the sufentanil group.
The injection of sufentanil or remifentanil
ceased at the end of surgery. Temperature-
holding nursing was implemented for the two
groups. After patients regained their respiratory
function and consciousness, catheters were
removed, and patients were sent to the recovery
room.

Data Collection

Vital signs including mean arterial pressure
(MAP), heart rate (HR), arterial oxygen satura-
tion (SpO2), distribution of T-cell subsets (CD3,
CD4, and CD8 lymphocytes), and distribution
of the stress response index [cortisol (COR),
interleukin (IL)-6, C-reactive protein (CRP), and
glucose (GLU)] were recorded prior to (T0) and
after (T1) anesthesia, at the end of surgery (T2),
24 h after surgery (T3), 72 h after surgery (T4).
Postoperative adverse events were collected.

Statistical Analysis

Continuous variables with normal distribution
are presented as means ± SD and compared
with the use of Student’s t test. All categorical

variables were summarized and expressed as
proportions and compared with the use of the
chi-square test or Fisher’s exact test, as appro-
priate. Repeated Measure analysis of variance
(ANOVA) was used for the comparison of the
data at different time points, and LSD post hoc
test was used. All tests were two sided and a
P value of less than 0.05 was considered
significant.

All statistical analyses were performed with
the SPSS statistical software program package
(SPSS version 20.0 for Windows, Armonk, NY:
IBM Corp.).

RESULTS

Patients’ Characteristics

Of 529 patients undergoing curative resection
for HCC from January 2017 to December 2020,
460 patients met the inclusion and exclusion
criteria and were assigned to the sufentanil
group (n = 322) or remifentanil group (n = 138).
As shown in Table 1, baseline patient demo-
graphic and treatment characteristics including
age, gender, American Society of Anesthesiolo-
gists (ASA) grade, surgical procedure, surgical
type, anesthesia time, liver cirrhosis, preopera-
tive alpha-fetoprotein (AFP), TNM staging,
tumor size, tumor number, vascular invasion,
estimated blood loss and intraoperative blood
transfusion did not differ significantly between
the sufentanil and remifentanil regimens.

Comparison of Hemodynamic Parameters
Between Sufentanil and Remifentanil
Groups

Repeated measure ANOVA showed that after
controlling for baseline patient demographic
and treatment characteristics as covariates, both
between- and within-group effects were signifi-
cant (both P\0.01), and the interaction
between time and treatments was also signifi-
cant (P\ 0.01) in the MAP, HR, and SpO2

(Fig. 1), indicating that sufentanil led to
stable hemodynamic and respiratory functions
compared to remifentanil during the follow-up.
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Table 1 Patients’ demographic and treatment characteristics

Sufentanil Remifentanil P value

N 322 138

Age 68.6 ± 2.0 68.6 ± 1.9 0.36

Gender

Female 98 (30.4%) 49 (35.5%) 0.33

Male 224 (69.6%) 89 (64.5%)

ASA

I–II 270 (68.9%) 122 (31.1%) 0.40

III–IV 43 (63.2%) 25 (36.8%)

Surgical procedure

Open 194 (62.0%) 86 (58.5%) 0.48

Video-assisted 119 (38.0%) 61 (39.1%)

Surgical type

Intent upfront surgery 144 (46.0%) 60 (40.8%) 0.58

Salvage upfront surgery 127 (40.6%) 66 (44.9%)

Palliative upfront surgery 42 (13.4%) 21 (14.3%)

Anesthesia time 1.00

B 3 h 194 (62.0%) 91 (61.9%)

[ 3 h 119 (38.0%) 56 (38.1%)

Liver cirrhosis 0.25

No 116 (37.1%) 46 (31.3%)

Yes 197 (62.9%) 101 (68.7%)

Preoperative AFP 1.00

B 20 ng/mL 203 (64.9%) 96 (65.3%)

[ 20 ng/ml 110 (35.1%) 51 (34.7%)

TNM staging 0.41

I–II 242 (77.3%) 108 (73.5%)

III 71 (22.7%) 39 (26.5%)

Tumor size 0.22

B 5 cm 231 (73.8%) 100 (68.0%)

[ 5 cm 82 (26.2%) 47 (32.0%)

Tumor number 0.91

Single 214 (68.4%) 102 (69.4%)

Multiple 99 (31.6%) 45 (30.6%)
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Post hoc analysis showed that the differences
between the two groups in the MAP, HR, and
SpO2 were significant (P\0.01) after induction
of anesthesia (T1) and at the end of surgery (T2),
and not significant (P[ 0.05) prior to anesthe-
sia (T0), 24 h after surgery (T3), and 72 h after
surgery (T4).

Comparison of T-cell Subsets Between
Sufentanil and Remifentanil Groups

As shown in Fig. 2, after controlling for baseline
patient demographic and treatment character-
istics as covariates, repeated measure ANOVA
showed that both between- and within-group
effects were significant (both P\ 0.01), and the
interaction between time and treatments was
also significant (P\ 0.01) in the CD3, CD4, and
CD8. Post hoc analysis showed that the differ-
ences between the two groups in the CD3, CD4,
and CD8 were not significant (P[ 0.05) prior to
anesthesia (T0), but statistically significant
(P\0.01) from after induction of anesthesia
(T1) to 72 h after surgery (T4), indicating that
the degree of reduction of T-lymphocyte subsets
in the sufentanil group was lower than that in
the remifentanil group.

Comparison of Stress Response Indices
Between Sufentanil and Remifentanil
Groups

Repeated measure ANOVA showed that after
controlling for baseline patient demographic
and treatment characteristics as covariates, both
between- and within-group effects were signifi-
cant (both P\0.01), and the interaction
between time and treatments was also signifi-
cant (P\0.01) in the COR, IL-6, CRP, and GLU
(Fig. 3). Post hoc analysis showed that the dif-
ferences between two groups in the COR, IL-6,
CRP, and GLU were not significant (P[ 0.05)
prior to anesthesia (T0), but statistically signifi-
cant (P\0.01) from after induction of anes-
thesia (T1) to 72 h after surgery (T4), indicating
that stress response indices in the sufentanil
group maintained stable and required a shorter
recovery following surgery.

Comparison of Adverse Reactions Between
Sufentanil and Remifentanil Groups

As shown in Table 2, difference in the rate of the
adverse reaction between sufentanil group and
the remifentanil group was not statistically sig-
nificant (P = 0.72).

Table 1 continued

Sufentanil Remifentanil P value

Vascular invasion 0.14

No 267 (85.3%) 117 (79.6%)

Yes 46 (14.7%) 30 (20.4%)

Estimated blood loss 0.15

B 400 ml 220 (70.3%) 113 (76.9%)

[ 400 ml 93 (29.7%) 34 (23.1%)

Intraoperative blood transfusion 0.45

No 255 (81.5%) 115 (78.2%)

Yes 58 (18.5%) 32 (21.8%)
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DISCUSSION

In this retrospective study, we compared the
clinical efficacy and safety of sufentanil vs.
remifentanil anesthesia in patients undergoing
surgery for HCC. The results indicated that
sufentanil led to stable hemodynamic and res-
piratory functions, lower reduction of T-lym-
phocyte subsets, stable stress response indices,
and similar adverse reactions compared to
remifentanil.

Vital signs are of great importance for surgi-
cal anesthesia. Our results indicated that in the

remifentanil group, there were a significant
increase in HR and significant decreases in MAP
and SpO2 at T1 and T2 compared with those
before surgery (P\ 0.05). In contrast, changes
in the HR, SpO2, and MAP from T0–T5 were not
obvious in the sufentanil group. Results from a
study comparing recovery effect for sufentanil
and remifentanil anesthesia with TCI in
laparoscopic radical resection during colorectal
cancer were consistent with our findings [5].
Thus, sufentanil-based anesthesia is demon-
strated to maintain stable vital signs and bring

Fig. 1 Changes in the vital signs including mean arterial
pressure (MAP, A), heart rate (HR, B), and arterial oxygen
saturation (SpO2, C) in the sufentanil group and
remifentanil group. T0 prior to anesthesia, T1 after
anesthesia, T2 at the end of surgery, T3 24 h after surgery,
T4 72 h after surgery

Fig. 2 Changes in the distribution of T-cell subsets
including CD3 (A), CD4 (B), and CD8 (C) lymphocytes
in the sufentanil group and remifentanil group. T0 prior to
anesthesia, T1 after anesthesia, T2 at the end of surgery,
T3 24 h after surgery, T4 72 h after surgery
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less influence on respiratory function and
hemodynamics indices.

Curative resection for HCC leads to stress
response in patients [9, 10]. The stress response
is a non-specific defense reaction to external
stimulation. Previous studies have indicated
that stress responses may be initiated by

anesthesia and surgery, and influence post-sur-
gery recovery [5, 11, 12]. Blood COR and GLU
could reflect the intensity of stress response,
and IL-6 is one of the important cytokines that
are involved in the inflammatory response and
injury repair and reflect the degree of human
stress [13]. Our results indicated that concen-
trations of GLU, COR, IL-6, and CRP signifi-
cantly increased during anesthesia and
operation in patients treated with remifentanil
group and required a longer time to recover
after operation. In contrast, these concentra-
tions were stable in the sufentanil group, indi-
cating that sufentanil can maintain stable blood
GLU and COR with much less stress response.

Owing to T lymphocytes and their subsets’
capacity for antigen-directed cytotoxicity, they
have become a central focus for engaging the
immune system in the fight against cancer. CD3
is expressed on the surface of mature T lym-
phocytes, and CD4 helper/inducer cells and
CD8 cytotoxic/suppressor cells are two

Fig. 3 Changes in the distribution of the stress response
index including cortisol (COR, A), interleukin (IL)-6 (B),
C-reactive protein (CRP, C), and glucose (GLU, D) in the
sufentanil group and remifentanil group. T0 prior to

anesthesia, T1 after anesthesia, T2 at the end of surgery,
T3 24 h after surgery, T4 72 h after surgery

Table 2 Comparison of adverse reactions between
sufentanil and remifentanil groups

Sufentanil Remifentanil P value

Nausea 14 (4.5%) 7 (4.8%) 1.00

Vomiting 14 (4.5%) 6 (4.1%) 1.00

Diarrhea 11 (3.5%) 8 (5.4%) 0.33

Dizziness 16 (5.1%) 8 (5.4%) 1.00

Heartburn 16 (5.1%) 8 (5.4%) 1.00

Adverse reactions

rate

69

(22.0%)

35 (23.8%) 0.72
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phenotypes of T lymphocytes, characterized by
distinct surface markers and functions that
mostly reside in lymph nodes but also circulate
in the blood [14, 15]. CD3 could recognize
abnormal cells by binding molecules called
antigens, CD4 promotes B-cells to further dif-
ferentiate and produce antibodies, while CD8
inhibits T-cell proliferation. In our study,
reductions of CD3, CD4, and CD8 cells in the
sufentanil group were substantially lower com-
pared to those in the remifentanil group, with a
rapid recovery of cellular immune function.

Our study has several limitations. First,
owing to the retrospective nature, residual
confounding from unknown and unmeasured
variables is possible. Second, relatively few
patients were exposed to remifentanil, and the
inference on the effect of remifentanil is weak-
ened. Finally, this study was conducted exclu-
sively based on a research center from a
homogenous healthcare system, which may
limit the generalization.

CONCLUSIONS

In conclusion, sufentanil was associated with
improved hemodynamic and respiratory func-
tion, less stress response, less inhibition of cel-
lular immunity, and similar adverse reactions
compared with remifentanil.
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