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ABSTRACT

This study aimed to investigate whether propofol-remifentanil anesthesia offers superior
petioperative outcomes compared to propofol-fentanyl in pancreatic cancer surgery. patients, with a focus
on its effects on apoptotic molecules,plasma CXCIL.10/CXCL13 levels, and postopetative recovety.

A total of 150 pancreatic cancer patients were divided into 2 cohorts receiving either propofol-
fentanyl (control group, n=75) or propofol-remifentanil (study group, n=75) anesthesia. We measured
petioperative hemodynamies (cardiac index [CI]; mean atterial pressure [MAP], heart rate [HR]), T-cell
subsets, postoperative recovery indices (eye-opening time, extubation time, spontaneous respiration
recovery time), sedation and analgesia levels (via Ramsay sedation score [RSS] and visual analog scale
[VAS]), plasma CXCL10/CXCL13 levels, and apoptosis-telated proteins (Survivin, Bax, Caspase-4, Bel-2)
using enzyme-linked immunosotbentassays (ELISAs). Adverse reactions were also recorded.

The study group exhibited significant advantages in hemodynamic stability and immune
preservation. Despite similar baseline cardiovascular parameters, the remifentanil group maintained
better CI, MAP, and HR stability during and after surgery. Flow cytometry analysis revealed better
ptesetvation of T-cellimmunity (CD4F, CD3*, CD4*/CD8" T cells) at 24 hours post-surgery. The
intervention group also demonstrated accelerated postoperative recovery with significantly reduced
emergence times (eye-opening, extubation, spontaneous respiration). Notably, the study group had
more favorable inflaimmatoty profiles lower CXCL10/CXCL13 levels) and enhanced apoptotic
responses (modulated Bax, Caspase-4, Survivin, and Bel-2 expression). Clinical outcomes were supetior
in the study group, with significantly fewer adverse events (2 vs. 9 patients).

Propofol-remifentanil anesthesia provides effective sedation and analgesia in pancreatic cancer
surgery, modulates key biological pathways related to apoptosis and inflammation, and improves
postoperative recovery. These findings suggest that the choice of anesthesia regimen may have
significant implications for perioperative outcomes and potentially long-term prognosis in
pancreatic cancer patients. Future research should further explore the underlying mechanisms and
long-term clinical benefits of this anesthesia strategy.
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INTRODUCTION

Pancreatic cancer is a malignant tumor originating
from pancreatic tissue that is characterized by high
invasiveness and early metastasis.! Owing to its
nonspecific early symptoms, approximately 60% of
patients exhibit metastatic disease upon their initial
diagnosis, often reaching advanced stages with poor
treatment outcomes, resulting in its designation as one
of the most lethal malignancies.?> Currently, effective
treatment options for pancreatic cancer are limited. At
present, surgical excision coupled with chemotherapy
continues to constitute the sole potentially curative
therapeutic  strategy, albeit  with  significant
postoperative mortality risks.> The perioperative period
constitutes a critical time window for cancer cell
dissemination because of surgical manipulation,
immunosuppression, and physiological alterations,
which may contribute to tumor recurrence.* As an
integral component of perioperative care, anesthetic
management has drawn increasing research attention.
The current literature suggests that anesthetic
compounds may modify key biological processes,
including cellular multiplication, maturation, migration,
and neovascularization, indicating their potential role in
influencing malignancy development and patient
survival through unidentified biological mechanisms.’
Propofol, a widely used intravenous anesthetic for tumor
resection surgeries, offers advantages, including smooth
induction and rapid recovery.® In addition to its
anesthetic ( properties, propofol has  multiple
nonanesthetic effects, particularly antitumor activity.
Previous  studies “have confirmed that propofol can
directly or “indirectly affect malignant . progression
through the modulation of critical RNAs, signaling
pathways, and immune function.’

Although propofol has advantages, including rapid
onset, quick metabolism; and short recovery time, its
anesthetic effect may be insufficient when it is used
alone.® This is primarily attributed to the limited
analgesic properties of propofol, particularly in
extensive surgeries with prolonged durations or high
analgesic demands, where it may inadequately suppress
surgical stress responses and pain perception.” For
example, in complex pancreatic cancer surgeries
characterized by wide operative fields, extended
duration, and significant tissue trauma, propofol
monotherapy often fails to provide sufficient analgesia.
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This insufficiency may lead to intraoperative
hemodynamic instability, elevated stress hormone
levels, and potentially compromised postoperative
recovery and long-term outcomes.!® Consequently, in
clinical practice, propofol is typically combined with
adjunctive agents, particularly opioids, to enhance
analgesic efficacy and maintain anesthetic stability.
Owing to its unique pharmacological profile,
remifentanil, a novel p-opioid receptor agonist, has
gained widespread clinical application.!! It achieves
peak effects within one minute and has an ultrashort
duration of action (elimination half-life: 3—10 minutes),
enabling precise dose titration according to surgical
requirements.'>  Unlike  conventional  opioids,
nonspecific esterases distributed throughout the blood
and tissues catalyze the rapid hydrolytic degradation of
remifentanil, independent of hepatic or renal function.'
This metabolic pathway ensures safe use even in patients
with <organ dysfunction’ while preventing drug
accumulation and facilitating prompt recovery after
discontinuation. These superior pharmacokinetic
properties - establish remifentanil as an ideal
intraoperative analgesic that is now widely adopted in
clinical practice across numerous countries.'*

Recent studies have demonstrated that anesthetic
agents may indirectly influence tumor progression and
patient prognosis by modulating immune function and
the tumor microenvironment. In pancreatic cancer
surgery, the propofol-remifentanil anesthesia may offer
significant advantages. Propofol and remifentanil may
exert potential effects on the biological behavior of
tumor cells through mechanisms involving apoptosis
regulation and inflammatory cytokine release.'”> The
objective of our study was to analyze the impact of
propofol-remifentanil on the levels of apoptotic
molecules and plasma CXCL10 and CXCL13 in patients
who underwent pancreatic cancer surgery. CXCL10 and
CXCLI13 are critical chemokines that participate in
regulating immune cell migration and inflammatory
responses, potentially acting as key determinants in
tumor niche formation and neoplastic evolution. By
investigating the effects of propofol-remifentanil at
these molecular levels, this study not only provides a
scientific basis for selecting anesthesia regimens for
pancreatic cancer surgery but also offers novel insights
into improving postoperative recovery and long-term
prognosis. The findings are expected to provide valuable
references for clinical anesthesia practices, further
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optimize anesthesia management strategies for
pancreatic cancer surgery, and ultimately augment
clinical benefits while optimizing quality of life.

MATERIALS AND METHODS

A total of 150 patients who underwent surgical
resection for pancreatic cancer between December 2021
and December 2023 were enrolled and divided into
control and study groups. The control group (n=75)
received propofol-fentanyl for anesthesia maintenance,
whereas the study group (n=75) received propofol-
remifentanil. The inclusion criteria were as follows:
histologically or cytologically confirmed pancreatic
cancer; localized tumors with or without local invasion
but no distant metastasis meeting the resection criteria;
radiographic assessment indicating complete tumor
resectability (RO resection) without major vascular

invasion or with invasion within surgically manageable
limits; no prior radiotherapy, chemotherapy, or other
antitumor  treatments;  American  Society  of
Anesthesiologists (ASA) classification of I-III;
adequate cardiopulmonary, hepatic, and renal function
to tolerate surgery; and the absence of severe
coagulation disorders or immune system diseases. The
exclusion  criteria  included  radiographic  or
intraoperative evidence of extensive tumor invasion or
distant metastasis; major vessels encased or invaded by
the tumor preventing complete resection; severe
cardiopulmonary insufficiency; hepatic or renal failure
or other~comorbidities contraindicating surgery; a
history of pancreatic surgery or other major upper
abdominal surgeries complicating the current procedure;
uncontrolled infections or active inflammatory diseases;
and pregnancy or lactation. The study protocol is
outlined in Figure 1.

180 Assessing eligibility for
pancreatic cancer surgery

30 Excluded

8 Extensive tumor infiltration/metastasis
6 Major vascular invasion precluding resection

5 Severe comorbidities precluding surgery
5 Prior pancreatic/upper abdominal surgery
4 Active infection/inflammatory disease

2 Pregnancy/lactation

150 Patients undergoing
surgery for pancreatic cancer

75 Allocated to Control group

Anesthesia induction: Propofol + Fentanyl +
Rocuronium bromide;

Maintain anesthesia depth: Propofol + Fentanyl.

75 Allocated to Research group

Anesthesia induction: Propofol + Remifentanil +
Rocuronium bromide;

Maintain anesthesia depth: Propofol + Remifentanil.

+  Postop scores: Ramsay, VAS (1h, 6h, 12h).
= CXCL10/13: ELISA (8mL blood, preop/24h postop).

/ Analysis

*  Hemodynamics (CI, MAP, HR): pre-anesthesia, post-anesthesia, surgery end.
* " Flow cytometry: CD4+/CD3+/CD4+/CD8+ (preop, 24h postop).
+ Recovery times: eye-opening, extubation, spontaneous breathing.

= Apoptosis markers: Survivin, Bax, Caspase-4, Bcl-2 (serum, preop/24h postop).

k Adverse events: respiratory depression, nausea/vomiting, constipation, pruritus, urinary

Figure 1. Flowchart of patient enrollment and study design

Blinding Description

This study is a retrospective cohort analysis. Data
were extracted from the electronic medical records of
patients who underwent pancreatic cancer surgery
between December 2021 and December 2023. Patients
were categorized into two cohorts based on the
anesthesia regimen documented in their records: the

propofol-fentanyl cohort (control group, n=75) and the
propofol-remifentanil cohort (study group, n=75). To
ensure objectivity during data analysis, all patient
identifiers were removed, and data were coded before
statistical processing. The analysts were blinded to the
group assignments during the analysis phase.
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Sample Size Calculation

Sample size determination was conducted via an
independent two-sample ¢ test methodology using
G*Power software. The parameters used were as
follows: a medium effect size (Cohen's d = 0.5),'° two-
tailed significance level a=0.05, and desired statistical
power of 0.80. The calculations yielded a required
sample size of 64 participants per study arm
(Ni=N2=64), totaling 128 participants. To ensure
adequate statistical power, we identified 150 eligible
records, exceeding the minimum requirement and
ensuring compliance with the study design
specifications.

Anesthesia Protocol

Preoperative Preparation: Both groups underwent
routine preoperative fasting and received intravenous
midazolam  (0.05 mg/kg) (Ni’erxin, Enhua
Pharmaceutical, Jiangsu, China) prior to anesthesia
induction.

Anesthesia Induction: In the control< group,
anesthesia was induced via intravenous administration
of propofol (2 mg/kg) (Diprivan, AstraZeneca), fentanyl
(3 ng/kg) (Renfu, Yichang Renfu Pharmaceutical, Hubei,
China), and rocuronium (0.6 mg/kg) (Esmeron,
Organon). In the study group, anesthesia was induced
with intravenous propofol (2 mg/kg), remifentanil (1
ng/kg) (Ultiva, GlaxoSmithKline), and rocuronium (0.6
mg/kg).

Anesthesia Maintenance: In the control group,
anesthesia was maintained. intraoperatively  with
continuous (intravenous infusion of propofol (4—6
mg/kg/h) and fentanyl (1-2 pg/kg/min), with infusion
rates ‘adjusted according to the surgical stimulus
intensity and. patient vital signs. In the study group,
anesthesia was maintained with continuous intravenous
infusion of propofol (4-6 mg/kg/h) and remifentanil
(0.1-0.3 pg/kg/min),  with infusion rates similarly
adjusted on the basis of surgical stimulus intensity and
patient vital signs.

Outcome Measures

Peripheral venous blood samples (5mL) were
collected from all patients preoperatively and 24 hours
postoperatively. Blood was drawn into EDTA-
containing tubes, gently inverted, and centrifuged at
3000 rpm for 10 minutes within 2 hours of collection.
The plasma supernatant was aliquoted and immediately
stored at -80 °C in the hospital’s institutional biobank for
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future biomarker analysis. All patients had provided
written informed consent for the storage and research
use of biological specimens.

(1) General patient information, including sex, age,
body mass index (BMI), history of diabetes mellitus,
hepatitis, smoking, and alcohol use.

(2) Comparisons of the cardiac index (CI), mean
arterial pressure (MAP), and heart rate (HR) between the
two groups before anesthesia, after anesthesia induction,
and at the end of surgery were performed.

(3) Peripheral venous blood CD4*, CD3*, and
CD4"/CD8" T cell levels in the 2 groups were detected
via flow eytometry . preoperatively and 24 hours
postoperatively.

(4) The postoperative eye-opening time, extubation
time, and spontanecous breathing recovery time were
recorded for both groups.

(5) Ramsay sedation scores and visual analog scale
(VAS) scores were recorded for both groups at 1 hour, 6
hours; and 12 hours postoperatively.

(6) Plasma CXCL10 and CXCL13 levels: Enzyme-
linked immunosorbent assays (ELISAs) were used to
measure the concentrations of CXCL10 and CXCL13 in
the plasma.

(7)- Apoptosis-related molecules: Peripheral blood
was collected preoperatively and 24 hours
postoperatively to detect the serum levels of apoptosis-
related molecules, including Survivin, Bax, Caspase-4,
and Bcl-2.

(8) Adverse reactions: The incidence of adverse
events was meticulously recorded to evaluate the safety
and tolerability of the anesthetic protocols. The
definitions of complications were consistent with the
standard clinical criteria. For instance, respiratory
depression was defined as a decrease in respiratory rate
to less than 10 breaths per minute or the need for assisted
ventilation. Nausea and vomiting were defined as any
occurrence of these symptoms requiring antiemetic
intervention. Urinary retention was defined as the
inability to void within 6 hours postoperatively,
necessitating catheterization. The monitoring duration
for adverse events extended from the time of anesthesia
induction until 24 hours postoperatively. This period
was chosen to capture both immediate and early
postoperative adverse reactions. Additionally, we
specifically monitored for opioid-induced hyperalgesia
(OIH), defined as increased pain sensitivity or
worsening pain despite adequate opioid analgesia.

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

Propofol-remifentanil in Pancreatic Cancer Surgery

Statistical Analysis

The data were analyzed via SPSS 25.0. During data
collection for this study, we conducted a detailed review
of all patients' electronic medical records to ensure the
completeness and accuracy of the data. For missing data,
we first attempted to obtain it by making supplementary
inquiries into the medical records or contacting the
attending physicians; if it could not be supplemented, the
patient was excluded from the study. Normally
distributed continuous variables are presented as the
means=SDs and were compared via Student’s ¢ test,
whereas nonnormally distributed data are reported as
medians (IQRs) and were analyzed with Mann—Whitney
U tests. Categorical variables are expressed as counts
(%) and were assessed via the ¥ test or Fisher’s exact
test. Given the multiple endpoints evaluated in this
study, we applied the Bonferroni correction to adjust for
multiple comparisons and reduce the risk of Type I error.
A two-tailed value of p<0.05 was considered statistically
significant.

RESULTS
Comparison of Baseline Data

Table 1 compares the baseline characteristics
between the groups. No significant differences. were

observed in demographics, medical history, or tumor-
related features (all p>0.05), confirming balanced
preoperative profiles.

Comparison of Hemodynamic Parameters at
Different Time Points

Before anesthesia, the CI, MAP, and HR of both
groups were within the normal range and were not
significantly different, indicating that the baseline
statuses of the two groups were similar before anesthesia
(»>0.05). Compared with the control group, the study
group had a greater CI, a MAP closer to the normal
range, and a more stable HR-(p<0.05), suggesting that
the study group displayed less impact on cardiac output
function after anesthesia, better maintenance of blood
pressure, and a lower heart rate. At the end of surgery,
the CI, MAP, and HR of the study group were closer to
the normal range, more stable, and recovered more
quickly (p<0.05), indicating that the study group had
better  postoperative recovery of circulatory function,
stronger blood pressure regulation ability, and better
heart rate regulation-ability. Therefore, the combination
of propofol. and remifentanil resulted in more stable
hemodynamic parameters and faster recovery after
anesthesia and at the end of surgery. See Table 2.

Table 1. Baseline data of patients.

Indicator Control group (n=75) Study Group (n=75) 1/t P

Male/female, n.(%) 45 (60.00)/30 (40.00) 47 (62.67)/28 (37.33) 0.112 0.737
Age, years 60.13£5.66 59.25+6.22 0.906 0.366
BMI, kg/m? 22.3443.02 22.1842.87 0.354 0.724
History of diabetes, n (%) 17 (22.67) 22 (29.33) 0.866 0.352
History of smoking and drinking, n (%) 30 (40.00) 35 (46.67) 0.679 0.410
History of hepatitis, n (%) 6 (8.00) 7(9.33) 0.084 0.772
Imaging tumor diameter, mm 30.41+11.51 29.21+10.63 0.663 0.508
Tumor location [pancreatic head, n (%) 46 (61.33) 40 (53.33) 0.981 0.322
Enlarged lymph nodes, n (%) 33 (44.00) 31(41.33) 0.109 0.741
Pancreatic duct dilation, n (%) 52 (69.33) 57 (76.00) 0.839 0.360
Pancreatic atrophy, n (%) 20 (26.67) 29 (38.67) 2.455 0.117
Jaundice, n (%) 22 (29.33) 23 (30.67) 0.032 0.858

BMI: body mass index.
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Table 2. Comparison of hemodynamic parameters at different time points (mean£SD).

Indicator Point-in-time Control group (n=75) Study Group (n=75) t )4 Effect size
CI, L/min/m? Preanesthesia 2.91+0.28 2.90+0.34 0.340 0.693
Post-induction 2.53+0.52 2.70+0.33 2,502  0.014 0.390
At the end of surgery 2.59+0.46 2.81+0.33 3.407  0.000 0.550
MAP, mmHg Preanesthesia 92.33+11.46 91.61+12.46 0.368 0.713
Post-induction 65.65+7.44 75.51+6.64 8.557  0.000 1.398
At the end of surgery 77.65+8.71 86.65+9.87 5.920 0.000 0.967
HR, beats/min Preanesthesia 75.33+6.54 75.52+6.20 0:179+..0.858
Post-induction 60.36+5.32 66.81+5.46 7.333  0.000 1.197
At the end of surgery 68.45+6.22 72.12+4.30 4200  0.000 0.686

CI: cardiac index; HR: heart rate; MAP: mean arterial pressure.

Comparison of Immune Function Parameters before
and after Surgery

There was no significant difference in’immune
function between the two groups before surgery
(»>0.05), which eliminated the influence of the
preoperative immune status on the results. Both groups
presented decreases in immuné parameters (CD3",
CD4", and CD4"/CD8* T cells) at 24 hours after surgery,
which was consistent with the immunosuppressive
effects of surgical stress and anesthesia. However, the
degree of immunosuppression was milder in the study
group (p<0.05), suggesting that remifentanil ~may

of postoperative infections and promote recovery. See
Table 3 and Figure 2.

Comparison of Awakening Effects

Compared with those in the control group, patients
in the study group had better postoperative recovery
indicators, with shorter eye-opening times, earlier
extubation times, accelerated recovery of
spontaneous  breathing. All comparisons
statistically significant (all p<0.05), indicating that the
rapid metabolic properties of remifentanil significantly
improved postoperative recovery efficiency, which was

and
were

alleviate postoperative immunosuppression. This result
may be related to..its short-acting and precise
pharmacokinetic properties, which may reduce the risk

beneficial for

surgical
recovery. See Table 4.

turnover

Table 3. Comparison of immune function parameters before and after surgery (mean=SD).

and accelerated

Indicator Point-in-time Control group (n=75) Study Group (n=75) %/t y) Effect size
CD3"% Before surgery 62.3345.14 62.79+5.71 0.508 0.613

24 h after surgery 50.66+4.35 56.33+4.77 7.599  0.000 1.242
CD4%, % Before surgery 36.44+3 .45 35.88+3.19 1.014  0.312

24 h after surgery 27.63+2.67 32.3343.21 9.765  0.000 1.592
CD4'/CD8* Before surgery 1.47+£0.45 1.48+0.42 0.003  0.998

24 h after surgery 1.21+£0.32 1.32+0.21 2.278 <0.001  0.406
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Figure 2. Comparison of immune function parameters before and after surgery.

Table 4. Comparison of awakening effects (mean+SD, min).

Indicator Control group (n=75) Study Group (n=75) t y Effect size
Eye-opening time 15.68+2.49 11224215 11.692 <0.001 1.917
Extubation time 22.6842.89 18.2242.75 9.699  <0.001 1.581
Recovery time of spontaneous breathing 13.424£2.31 9.21+£2.97 9.692 <0.001 1.582

Comparison of Ramsay Sedation Scores and VAS
Scores

Compared with those at 1 hour after surgery, both
groups had significantly higher VAS pain scores and
significantly lower Ramsay sedation scores at 6 and 12
hours after surgery (all p<0.05). However, there were no
statistically significant differences in the VAS score or
Ramsay sedation score between the two groups at 1, 6,
or 12 hours after surgery (all p>0.05). The results

indicated that the anesthesia regimens of propofol
combined with remifentanil or fentanyl had similar
effects on pain control and sedation in the early
postoperative period (within 12 hours). See Table 5. The
trend toward increased postoperative pain and decreased
sedation over time suggested that enhanced analgesia
management was needed within 12 hours after surgery,
regardless of the anesthetic drugs used.

Table 5. Comparison of Ramsay sedation scores and VAS scores [M (Q1, Q3), score].

Indicator Point-in-time Control group (n=75) Study Group (n=75) V4 y

Ramsay Sedation Scores 1 h after surgery 33,4 33,4 -0.838  0.402
6 h after surgery 3(2,3)* 3(2,3)* -1.312  0.190
12 h after surgery 2(2,2)* 2(2,2)* -0.535  0.593

VAS Scores 1 h after surgery 2(1,2) 2(1,2) -0.656  0.512
6 h after surgery 3(2,3)* 2(2,3)* -0.979  0.328
12 h after surgery 3(3,3)* 3(3,3)* -0.976  0.329

Compared with 1 h after surgery in the same group, *p<0.05.

VAS: visual analog scale.
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Comparison of Plasma CXCL10 and CXCL13 Levels

Compared with the preoperative baseline levels, the
levels of CXCL10 and CXCL13 in both groups were
significantly lower at 24 hours after surgery (all p<0.05).
Notably, the postoperative levels of CXCL10 and
CXCLI13 the study group decreased more
significantly than those in the control group did (all
p<0.05). These findings suggest that remifentanil may
have a stronger anti-inflammatory effect, effectively
inhibiting postoperative inflammatory responses and
promoting postoperative recovery and the long-term
prognosis. See Table 6 and Figure 3.

in

Comparison of Plasma Apoptotic Molecular Levels
At 24 hours after surgery, the levels of Bax and

Caspase-4 in both groups were greater than the
preoperative levels, and the postoperative levels of Bax
and Caspase-4 in the study group were greater than
those in the control group (p<0.05). Moreover, the levels
of Survivin and Bcl-2 in both groups were lower than the
preoperative levels at 24 hours after surgery, with the
study group showing lower levels than the control group
did (p<0.05). These findings suggest that remifentanil
may enhance the apoptosis of pancreatic cancer cells
through a dual regulatory mechanism involving the
upregulation of  proapoptotic factors and the
downregulation of antiapoptotic factors. This discovery
provides molecular-level evidence for the potential
antitumor effect of remifentanil in pancreatic cancer
surgery. See Table 7-and Figure 4.

Table 6. Comparison of plasma CXCL10 and CXCL13 levels (mean+SD, pg/mL).

Indicator Point-in-time Control group (n=75) Study Group (n=75) t p Effect size
CXCL10 Before surgery 673.45+86.27 668.73+£81.88 0.343 0.732
24 h after surgery 516.81+£78.63* 420.57+52.12* 8.834 0.000  1.443
CXCL13 Before surgery 668.66+74.22 672.32+69.38 0.311 0.756
24 h after surgery 512.88+69.54* 387.21+£57.22* 12.086  0.000 1.974
Compared with the same group before operation, *p<0.05.
P=0.732 P=0.756
8004 [ 1 gooo 1
mm Control group
T P<0.001 T P<0.001 = Study Group
600 I 600 r—
C o
O 400 O 400
x x
o o
200 200
0- T T 0- T T
A 3] A 3]
& & & &
% % ) 3
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s° O ¢° Ol
? o Q N
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Figure 3. Comparison of plasma CXCL10 and CXCL13 levels.
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Table 7. Comparison of plasma apoptotic molecular levels (mean+SD, ng/mL).

Indicator Point-in-time Control group (n=75) Study Group (n=75) t )4 Effect size
Bax Before surgery 19.33+2.51 18.97+2.14 0.973 0.332
24 h after surgery 24.33+£2.52% 29.16+3.43* 9.850 0.000  1.605
Caspase-4 Before surgery 4.51+1.28 4.48+1.02 0.211 0.834
24 h after surgery 5.83+1.14* 7.52+1.22% 8.802 0.000  1.431
Survivin Before surgery 31.22+£3.42 30.46+3.51 1.343 0.181
24 h after surgery 25.33+£2.45* 20.16+2.11* 13.872  0.000 2.216
Bcl-2 Before surgery 16.55+2.17 16.24+2.33 0.843 0400
24 h after surgery 11.45+1.67* 8.55+1.02* 12.781  0.000 . 2.096
Compared with the same group before operation, *p<0.05.
407 P<0.001 107 P<0.001
— 1
30 l 84 I
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§ 4
o
10
2
0% T T 0- T T
5} A ) Iy
e\)&‘f e‘;‘& a"&e e“"&
& o & &
ol o
ee ' 0@ go‘b
Y v
404 P=0.181 _ P=0.400
1 2 l mm Control group
I P<0.001 == Study Group
- 4 P<0.001
30 1 15 —
£ o~
% 20 5 104
3
w
54
10 ﬂ
o 0- T T
- T T S} sl
& o
«Q?d @a& e.%\)‘ B@&
@G’o a\r’\) eéo‘ v«?
o N b
%e"‘ «? v

Figure 4. Comparison of plasma apoptotic molecular levels.
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Comparison of Adverse Reaction Rates

No cases of OIH were observed in either group
during the monitoring period. In this study, a total of 9
adverse reactions occurred in the control group,
including 3 cases of respiratory depression, 5 cases of
nausea and vomiting, and 1 case of urinary retention. In
contrast, only 2 cases of nausea and vomiting occurred
in the study group. Statistical analysis revealed a
significant difference in the incidence of adverse

reactions between the two groups, with the study group
having a significantly lower incidence rate than the
control group (y>=4.513, p=0.034). These findings
confirm that the propofol-remifentanil anesthesia
regimen offers a superior safety advantage, reducing
complications and promoting postoperative recovery,
thereby providing evidence-based support for the
preference of remifentanil in pancreatic cancer surgery
(Table 8).

Table 8. Comparison of adverse reaction rates, n (%)

Indicator Control group (n=75) Study Group (n=75) b p Effect Size
Respiratory depression 3 (4.00) 0 (0.00)

Nausea and vomiting 5(6.67) 2 (2.67)

Urinary retention 1(1.33) 0 (0.00)

Total incidence 9 (12.00) 2.(2.67) 4513 0.034 0.179

DISCUSSION

During pancreatic cancer surgery, anesthesia must
ensure painlessness and loss of consciousness while
maintaining hemodynamic stability, minimizing stress
responses induced by surgical trauma, preserving
immune function, and promoting rapid postoperative
recovery.!” traditional anesthetic
combinations often have limitations in meeting these
multifaceted ~demands. In recent years, with the
development and application of novel anesthetic agents,
the propofol-remifentanil . regimen has garnered
increasing attention, This study aimed to explore the
effects of this regimen on the levels of apoptotic
molecules and plasma CXCL10 and CXCL13 in patients
undergoing pancreatic cancer surgery.

While previous studies have evaluated propofol-
remifentanil anesthesia in. cancer surgery, our study
uniquely investigates its comprehensive effects on both
hemodynamic stability and immune function, with a
particular focus on the modulation of apoptotic
molecules and inflammatory cytokines in pancreatic
cancer patients. This multifaceted approach provides
novel insights into the potential mechanisms through
which anesthesia may influence tumor progression and
patient outcomes. Specifically, our findings that
propofol-remifentanil anesthesia enhances
postoperative recovery and modulates key biological

However,
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pathways. related < to apoptosis and inflammation
represent significant advancements in understanding the
role of anesthesia in cancer surgery.

During the perioperative period, circulatory
indicators such as the CI, MAP, and HR are important
parameters for assessing a patient's circulatory status.
Maintaining a stable circulatory status is crucial for
ensuring tissue perfusion and oxygen supply. In the
study group, the hemodynamic indicators were more
stable after anesthesia and at the end of surgery, with
faster recovery and better anesthetic effects, which may
be related to the pharmacological properties of
remifentanil. Remifentanil is an ultrashort-acting p-
opioid receptor agonist, and its ester bond structure
allows it to be rapidly hydrolyzed by nonspecific
esterases in the blood and tissues, with a half-life of only
3-10 minutes.'® This rapid metabolic characteristic
prevents drug accumulation, thereby reducing
continuous suppression of the cardiovascular system and
maintaining a relatively stable CI, MAP, and HR. In
contrast, fentanyl, although it is also a commonly used
anesthetic analgesic, has a relatively long metabolic time
in the body. As surgery nears completion and surgical
stimulation decreases, the drug concentration may still
remain at a certain level, exerting continuous
suppressive effects on the cardiovascular system and
leading to greater fluctuations in indicators such as the
CI, MAP, and HR." Hemodynamic stability is crucial
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for patients undergoing pancreatic cancer surgery.
Pancreatic cancer patients may already have varying
degrees of reduced cardiovascular functional reserve
due to factors such as tumor consumption and vascular
invasion.”® Severe intraoperative hemodynamic
fluctuations may increase the risk of cardiovascular
complications such as myocardial ischemia and
arrhythmias, affecting surgical safety and patient
prognosis.?! Furthermore, a good circulatory status helps
ensure tissue perfusion and promotes postoperative
recovery. The circulatory advantages of the study group
at the end of surgery may have created more favorable
physiological conditions for their rapid awakening and
recovery after surgery, while maintaining internal
environmental stability to reduce stress responses and
promote overall rehabilitation.??

The host immune response constitutes a vital defense
mechanism against surgical injury, and the levels of
CD4", CD3", and CD4"/CD8" T cells in peripheral blood
are important indicators for assessing immune
function.?® In this study, the levels of CD4", CD3", and
CD4%/CD8" T cells in both groups decreased @t 24 hours
postoperatively, possibly because the stress response
caused by surgical trauma led to the redistribution and
functional suppression of immune cells. Surgical trauma
in pancreatic cancer can activate the body's
neuroendocrine system, releasing a large amount of
stress hormones such as cortisol and catecholamines,
which suppress immune system function through
various pathways, resulting in changes in the number
and ratio of T lymphocyte subsets.?* However, the levels
of CD4*, CD3", and CD4"/CD8" T cells in the study
group at 24 hours postoperatively were greater than
those ‘in the control group, indicating. that propofol-
remifentanil anesthesia has a milder suppressive effect
on immune  function to some extent. The potent
analgesic effect of remifentanil can effectively reduce
the intensity of the stress response caused by surgical
trauma and decrease the excessive release of stress
hormones, thereby indirectly. reducing the suppression
of the immune system, which is sensitive to stress
hormones. A study by Lu XY et al®® demonstrated that,
compared with fentanyl, remifentanil administration
during radical hysterectomy for cervical cancer resulted
in better preservation of T lymphocyte subsets and a
lower inflammatory response. This finding indicates that
remifentanil has advantages in reducing the
postoperative inflammatory response and
immunosuppression and can also shorten the

postoperative awakening time, making it a safe and
effective anesthesia option, which is consistent with the
findings of this study. Furthermore, propofol exhibits
immunomodulatory properties through the suppression
of inflammatory mediator release and attenuation of
immune system hyperactivation. The combined use of
the two may produce a synergistic effect on immune
protection. Yang X et al*® compared the effects of
propofol-remifentanil versus propofol-ketamine
anesthesia on 126 children undergoing tonsillectomy
and adenoidectomy and reported that propofol-
remifentanil  can  more  effectively  stabilize
hemodynamics and significantly-reduce inflammatory
indicators such as CRP, IL-6, and TNF-o, and stress
indicators such as adrenaline and cortisol. Although both
groups presented similar decreases in the CD3*, CD4",
and CD4%/CD8" T cell ratios, the-observation group
presented a shorter anesthesia recovery time and a lower
incidence. of emergence agitation, confirming the
comprehensive advantages.of this propofol-remifentanil
anesthesia regimen in inhibiting the inflammatory stress
response and promoting rapid postoperative awakening.
For pancreatic <cancer patients, maintaining good
postoperative immune function is particularly important.
Tumor patients often are immunocompromised, and
surgical trauma further weakens immune function,
making patients prone to complications such as infection
after surgery, which may also affect tumor recurrence
and metastasis.”’ The relatively high levels of immune
cells in the study group suggest that propofol-
remifentanil anesthesia helps maintain the patient's
immune function in the early postoperative period,
reducing the risk of infection, and may have positive
implications for inhibiting tumor recurrence and
metastasis in the long term.

Compared with the control group, the study group
presented a shorter postoperative eye-opening time,
extubation time, and spontaneous breathing recovery
time, which may be attributed to the pharmacological
properties of remifentanil. Owing to its rapid
metabolism and elimination, the plasma concentration of
remifentanil decreases swiftly after drug discontinuation
at the end of surgery, leading to a rapid reduction in
anesthetic depth and faster recovery of consciousness
and spontaneous breathing function.?® Additionally, the
rapid metabolic characteristics of propofol enable
patients to regain consciousness more quickly after
surgery. The combined use of these two drugs further
shortens the postoperative recovery time and enhances
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postoperative comfort.? The early postoperative
rehabilitation process holds significant clinical
importance for patient safety and the improvement of
prognosis. Shortening the time to eye-opening and
tracheal extubation during the anesthesia recovery
period can effectively reduce the risk of adverse events
such as convulsions and reflux aspiration during this
phase. Moreover, early tracheal extubation can shorten
the duration of invasive mechanical ventilation,
facilitate the early recovery of patients' spontaneous
breathing function and language communication ability,
and accelerate respiratory rehabilitation to optimize the
perioperative management process.>® Timely restoration
of spontaneous breathing helps maintain gas exchange
and acid-base balance, reduces the duration of
respiratory support equipment use, and decreases the
incidence of  ventilator-related  complications.!
Furthermore, ecarly awakening enables patients to
resume communication and interaction with the external
environment more quickly, which is beneficial for
postoperative psychological recovery.3? The prolonged
duration of action of fentanyl may result in delayed
postoperative recovery. After surgery, fentanyl
continues to exert pharmacological effects.on the body,
inhibiting the functional recovery of the central nervous
system and thereby prolonging the recovery time and
spontaneous breathing recovery time. This not only
increases the difficulty of management during anesthetic
recovery but also may pose potential adverse effects to
patients.??

Postoperative pain management constitutes .an
essential component of postoperative care. Effective
sedation and analgesia canalleviate patient suffering and
promote postoperative recovery. In this study, the VAS
scores at 6 and 12 hours postoperatively were greater
than those at 1 h; whereas the Ramsay scores were lower
in both groups. This result reflects the gradual
emergence of pain caused by surgical trauma and the
gradual weakening of the sedative effects of anesthetic
drugs over time. In the analysis, no statistically
significant intergroup disparities were detected,
indicating that the two anesthetic regimens of propofol-
fentanyl and propofol-remifentanil have similar effects
in terms of postoperative pain control and sedation.
Patients in the study group exhibited markedly fewer
postoperative complications than did those in the control
group. This may be related to the fewer side effects of
remifentanil. Remifentanil has relatively mild
respiratory depression, and its rapid metabolism
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prevents its accumulation in the body, thereby reducing
the incidence of postoperative adverse reactions such as
respiratory depression.>* Furthermore, remifentanil
induces lower phosphorylation of p receptors and
reduces activation of the B-arrestin pathway, thereby
decreasing side effects such as nausea and vomiting.>
Additionally, the pKa value of remifentanil is close to
the physiological pH, making it easier to cross the
blood-brain barrier and requiring lower doses to achieve
equivalent analgesic effects.*

Surgical injury initiates a systemic inflammatory
cascade, stimulating the production of multiple
inflammatory cytokines and-chemotactic factors.
Among these, CXCL10, which is primarily upregulated
by interferon-y, functions as a potent chemoattractant for
T cells'and NK cells, thereby modulating both immune
surveillance and inflammatory processes at the injury
site.’” CXCL10 may exert certain anti-tumor effects in
pancreatic cancer by promoting the aggregation of
immune cells, specifically T cells, into the tumor
microenvironment.® However, more commonly, its
overexpression  exacerbates local inflammation,
promotes tumor angiogenesis, invasion, and metastasis,
and is associated with tumor progression and poor
prognosis.>* High levels of CXCLI10 often indicate a
large tumor burden and a strong inflammatory response.
CXCL13 mainly chemoattracts B lymphocytes and acts
as a key regulator in the development of lymphoid
tissues, immune cell homing, and humoral immune
responses.*’ In this study, the postoperative decrease in
plasma CXCL10 and CXCL13 levels may be related to
the immunosuppressive state caused by surgical trauma.
When the body is in an immunosuppressive state, the
activity of immune cells is inhibited, and the production
and release of chemokines are correspondingly reduced.
The lower CXCL10 and CXCL13 levels in the study
group may reflect the greater ability of propofol-
remifentanil anesthesia to inhibit inflammatory responses
and immune regulation. The metabolism of remifentanil
does not depend on liver or kidney function, and it is
rapidly hydrolyzed by plasma esterases, avoiding
prolonged drug accumulation. This characteristic may
reduce continuous immunosuppression of the immune
system, thereby decreasing the release of
proinflammatory cytokines such as CXCL10 and
CXCL13.*" Furthermore, remifentanil has greater
selectivity for p-opioid receptors, which may reduce
surgical stress responses through more precise analgesic
effects, whereas fentanyl may have more significant
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immunomodulatory effects owing to its longer duration of
action.”? Additionally, propofol has certain anti-
inflammatory effects, as it can inhibit the synthesis and
release of inflammatory factors and alleviate
inflammatory responses. The combined use of these two
drugs may produce synergistic anti-inflammatory effects,
further reducing the inflammatory response caused by
surgical trauma.*® In individuals with pancreatic
carcinoma, uncontrolled inflammatory processes can
facilitate neoplastic growth, invasion, and distant
metastasis. Reducing plasma CXCL10 and CXCL13
levels may help alleviate the stimulation of the
inflammatory microenvironment on tumor cells and,
theoretically, may have potential benefits in inhibiting
tumor progression.*** However, this hypothesis requires
further basic research and long-term clinical follow-up to
be confirmed.

Operative injury activates programmed cell death
mechanisms, leading to the upregulation of apoptosis-
promoting proteins and the downregulation of
apoptosis-inhibiting proteins.*® The study< group
exhibited significant fluctuations in the(levels of
apoptotic ~ molecules, possibly influenced . by
remifentanil. This potent p-opioid agonist has been
shown to regulate apoptotic ~protein expression,
extending beyond its primary. analgesic . role.
Experimental data support that remifentanil inhibits
apoptosis by blocking Bax-mediated. pathways,
attenuating cytochrome C release, and upregulating the
expression of protective proteins such as Survivin and
Bcl-2.4 Furthermore, remifentanil preconditioning can
alleviate damage . to brain nerves caused by
extracorporeal circulation by blocking the AK7/NRF2
signaling . pathway.*. The observed ‘suppression of
apoptosis-promoting proteins accompanied by increased
expression of apoptosis-inhibiting proteins suggests that
remifentanil may intervene in apoptotic pathways
through multiple targets to reduce the excessive
activation of apoptosis caused by surgical trauma,
providing a new theoretical basis for elucidating the
organ-protective
Subsequent studies can further explore the specific
signal transduction mechanisms by which remifentanil
regulates these apoptosis-related molecules and their
correlation with the clinical prognosis.

The current study provides valuable insights into the
potential immunomodulatory and anti-tumor effects of
anesthesia by assessing apoptosis-related markers such
as Bax, Bcl-2, Caspase-4, and Survivin, as well as

mechanism of remifentanil.

inflammatory markers like CXCL10 and CXCLI13.
However, several limitations must be acknowledged.
Firstly, these proteins are primarily intracellular, and
their detection in plasma via ELISA only offers an
indirect reflection of tissue-level apoptotic activity.
Thus, the observed changes in plasma levels, although
statistically significant, may not fully represent the
actual apoptotic activity within the tumor or immune
cells. Future studies could consider more direct
measures of apoptosis, such as immunohistochemical
analysis of tissue samples or flow cytometry of isolated
cells. Secondly, the study lacks direct mechanistic
evidence-tor support the observed. alterations in these
markers. The associations between. the anesthesia
regimen and the changes in apoptotic and inflammatory
markers are preliminary and hypothesis-generating.
Further research is needed. to elucidate the underlying
mechanisms and to determine whether these changes
translatednto definitive anti-tumor or immunoprotective
effects. Thirdly, our study.did not fully address several
perioperative variables that could influence the
outcomes, such as fluid management and opioid rescue
doses. These variables are critical in perioperative care
and can significantly impact hemodynamic stability,
pain control, and overall recovery. Their absence from
our analysis limits the comprehensiveness of our
findings. Future studies should consider incorporating
detailed assessments of these variables. As a
retrospective study, our findings should be interpreted
with caution due to inherent limitations, including the
lack of randomization and potential selection bias,
which may influence the generalizability of our results.
The relatively limited sample size may have constrained
the statistical power and broader generalizability of the
findings. Additionally, the 24-hour postoperative
follow-up restricts the comprehensive assessment of
long-term recovery, as it only describes short-term
biomarker changes and lacks medium- or long-term
clinical outcomes (e.g., infection rates, cancer
recurrence, survival). We also did not conduct subgroup
analyses based on tumor stage or ASA grade, which may
have obscured potential heterogeneous effects across
different patient groups. Future prospective, randomized
controlled trials with larger sample sizes, longer follow-
up periods, and subgroup analyses are warranted to
further validate these findings and optimize clinical
anesthesia practices for pancreatic cancer surgery.
Finally, the study's analytical approach is primarily
descriptive, focusing on endpoint comparisons without
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integrating the findings into a broader mechanistic
framework. Future work should consider more
interpretive analyses grounded in current literature to
enhance the understanding of the observed effects.

The results of this study indicate that the
combination of propofol and remifentanil in patients
undergoing pancreatic cancer surgery provides effective
sedative and analgesic effects, controls the levels of
apoptotic molecules and plasma CXCL10 and CXCL13,
and improves postoperative recovery.

STATEMENT OF ETHICS

This study was approved by the Ethics Committee of
The Fourth People’s Hospital of Jinan. All procedures
performed in this study involving human participants
were in accordance with the ethical standards of the
institutional and national research committee and with
the Helsinki declaration.

FUNDING
Not applicable.
CONFLICT OF INTEREST
The authors declare no conflicts of interest.
ACKNOWLEDGMENTS
Not applicable.
DATA AVAILABILITY
The datasets generated during this. study are
available from the corresponding author, Dr. Yanchun
Tian, upon reasonable request. Requests should be
submitted via email to tianyanchun750228@163.com.

AI ASSISTANCE DISCLOSURE

The authors did not use any artificial intelligence
(AI) tools in the preparation of this manuscript.

REFERENCES
1. Klein AP. Pancreatic cancer epidemiology: understanding

the role of lifestyle and inherited risk factors. Nat Rev
Gastroenterol Hepatol. 2021;18(7):493-502.

14/ Iran J Allergy Asthma Immunol,

10.

11.

13.

Kolbeinsson HM, Chandana S, Wright GP, Chung M, et al.
Pancreatic cancer: a review of current treatment and novel
therapies. J Investig Surg. 2023;36(1):2129884.
Karunakaran M, Barreto SG. Surgery for pancreatic
cancer: current controversies and challenges. Future
Oncol. 2021;17(36):5135-62.

Tang R, Xu J, Wang W, Meng Q, Shao C, Zhang Y, et al.
Targeting neoadjuvant chemotherapy-induced metabolic
reprogramming in pancreatic cancer promotes anti-tumor
immunity and< chemo-response. Cell Rep Med.
2023;4(10):101234.

Lai HC, Kuo YW, Huang YH, Chan SM, Cheng KI, Wu
ZF, et al. Pancreatic. cancer and microenvironments:
implications of anesthesia. Cancers (Basel). 2022;14(11).
Vellinga R, Hannivoort LN, Introna M, Touw DJ, Absalom
AR, Eleveld DJ, et al. Prospective clinical validation of the
Eleveld  propofol pharmacokinetic-pharmacodynamic

model in general anaesthesia. Br J Anaesth.
2021;126(2):386-94.

Xu' Y, Pan S, Jiang W, Xue F, Zhu X, et al. Effects of
propofol on the development of cancer in humans. Cell
Prolif. 2020;53(8):e12867.

Duan J, Ju X, Wang X, Liu N, Xu S, Wang S. Effects of
remimazolam and propofol on emergence agitation in
elderly patients undergoing hip replacement: a clinical,
randomized, controlled study. Drug Des Devel Ther.
2023;17:2669-78.

Chen H, Ding X, Xiang G, Xu L, Liu Q, Fu Q, et al.
Correction: analysis of the efficacy of subclinical doses of
esketamine in combination with propofol in non-intubated
general anesthesia procedures - a systematic review and
meta-analysis. BMC Anesthesiol. 2023;23(1):355.

Lai HC, Lee MS, Liu YT, Lin KT, Hung KC, Chen JY, et
al. Propofol-based intravenous anesthesia is associated
with better survival than desflurane anesthesia in
pancreatic cancer surgery. PLoS One.
2020;15(5):¢0233598.

Hughes LM, Irwin MG, Nestor CC. Alternatives to
remifentanil for the analgesic component of total
intravenous anaesthesia: a narrative review. Anaesthesia.

2023;78(5):620-5.

.Yang S, Zhao H, Wang H, Zhang H, An Y, et al

Comparison between remifentanil and other opioids in
adult critically ill patients: a systematic review and meta-
analysis. Medicine (Baltimore). 2021;100(38):e27275.

Maharaj AR, Montana MC, Hornik CP, Kharasch ED, et
al. Opioid use in treated and untreated obstructive sleep
remifentanil

apnoea: pharmacokinetics and

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Propofol-remifentanil in Pancreatic Cancer Surgery

pharmacodynamics in adult volunteers. Br J Anaesth.
2025;134(3):681-92.

Abad-Torrent A, Martinez-Véazquez P, Somma J, Hsu YW,
Izquierdo E, et al. Remifentanil pharmacodynamics during
conscious sedation using algometry: a more clinically
relevant pharmacodynamic model. Br J Anaesth.
2022;129(6):868-78.

Gao X, Mi Y, Guo N, Luan J, Xu H, Hu Z, et al. The
mechanism of propofol in cancer development: an updated
review. Asia Pac J Clin Oncol. 2020;16(2):e3-e11.
Sridharan K, Sivaramakrishnan G. Comparison of
fentanyl, remifentanil, sufentanil and alfentanil in
combination with propofol for general anesthesia: a
systematic review and meta-analysis of randomized
controlled trials. Curr Clin Pharmacol. 2019;14(2):116-24.
Kelliher LIS, Krige A. Anaesthesia for pancreatic surgery.
Anesthesiol Clin. 2022;40(1):107-17.

Chen Y, Zhang J, Li F, et al. Inhibitory role of remifentanil
in hepatic ischemia-reperfusion injury through activation
of Fmol/Parkin signaling pathway: a study based.on
network pharmacology analysis and high-throughput
sequencing. Phytomedicine. 2024;128:155300.

Huhn AS, Hobelmann JG, Oyler GA, Strain EC, et al.
Protracted renal clearance of fentanyl in.persons with
opioid use disorder. Alcohol
2020;214:108147.

Palikuqi B, Nguyen DT, Li G, Schreiner R, Pellegata AF,
Liu Y, et al. Adaptable haemodynamic endothelial cells for
Nature.

Drug Depend.

organogenesis and
2020;585(7825):426-32.
Sugitani J, Ito R, Mise Y, Fujii T, Furuya R, Fujisawa M,

tumorigenesis.

et al. Pancreatoduodenectomy with superior mesenteric
vein resection and non-reconstruction for pancreatic head
cancer  paying particular attention to. hemodynamics.
Langenbecks Arch Surg. 2024;409(1):273.

Tu K, Tian L, Zhu Q, Bai K, Li L; Fu M, et al.
with
Dexmedetomidine and Esketamine Versus Conventional

Intraoperative Opioid-Free Anesthesia
General Anesthesia in Laparoscopic Cholecystectomy at
3,600 m: A Randomized Trial on Hemodynamic Stability
and Postoperative Recovery. High altitude medicine &
biology. 2025.

Wu Z, Zheng Y, Sheng J, Han Y, Yang Y, Pan H, et al.
CD3(+) CD4(-) CDS8(-) (double-negative) T cells in
inflammation,
Immunol. 2022;13:816005.

Cancer discovery. Correction: the pancreatic cancer

immune disorders and cancer. Front

microbiome promotes oncogenesis by induction of innate

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

and adaptive immune suppression. Cancer Discov.
2020;10(12):1988.

Lu XY, Chen M, Chen DH, Li Y, Liu PT, Liu Y, et al.
Remifentanil on T lymphocytes, cognitive function and
inflammatory cytokines of patients undergoing radical
surgery for cervical cancer. Eur Rev Med Pharmacol Sci.
2018;22(9):2854-9.

Yang X, Wu X, Qin B, Wang Z, Zhu X, Huang S, et al.
Effects of propofol anesthesia combined with remifentanil
on inflammation; stress response and immune function in
children undergoing tonsil and adenoid surgery. Cell Mol
Biol (Noisy-le-Grand). 2022;68(2):87-93.

Bear AS; Vonderheide RH,;-O'Hara MH, et al. Challenges
and opportunities for pancreatic cancer immunotherapy.
Cancer Cell. 2020;38(6):788-802.

Li J, Zhu H, Wang Y, Chen J, He K, Wang S, et al.
Remifentanil is superior to propofol for treating emergence
agitation in adults after general anesthesia. Drug Des Devel
Ther.2024;18:341-50.

Malherbe S, Barker N. Mixing of propofol and
remifentanil. Paediatr Anaesth. 2021;31(4):504-5.

Fort AC, Zack-Guasp RA. Anesthesia for patients with
extensive trauma. Anesthesiol Clin. 2020;38(1):135-48.
Nolan JP, Sandroni C, Béttiger BW, Cariou A, Cronberg
T, Friberg H, et al. European resuscitation council and
European society of intensive care medicine guidelines
2021: post-resuscitation care.
2021;47(4):369-421.

Michela DT, Rachele M, Alessia R, Daniela B, Marco R,
Luigi T, et al. COVID-19 pandemic burnout in an Italian

Intensive Care Med.

sample of anaesthesiologists: coping strategies, resilience
and the capability of tolerating the uncertainty as
preventing factors. Psychol Health Med. 2023;28(3):648-
59.

Plens GM, Droghi MT, Alcala GC, Pereira SM,
Wawrzeniak IC, Victorino JA, et al. Expiratory muscle
activity counteracts positive end-expiratory pressure and is
associated with fentanyl dose in patients with acute
respiratory distress syndrome. Am J Respir Crit Care Med.
2024;209(5):563-72.

Baldo BA. Toxicities of opioid analgesics: respiratory
depression, histamine release, hemodynamic changes,
hypersensitivity, serotonin Arch  Toxicol.
2021;95(8):2627-42.

Zhu L, Zhou YY, Zhang Z, Yin SQ, Lv DD, Wu YL, et al.

Remifentanil preconditioning promotes liver regeneration

toxicity.

via upregulation of B-arrestin 2/ERK/cyclin D1 pathway.
Biochem Biophys Res Commun. 2021;557:69-76.

Iran J Allergy Asthma Immunol, / 15

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

36.

37.

38.

39.

40.

41.

42.

43.

44.

Y. Li, et al.

Ozcan MS, Asci H, Karabacak P, Ozden ES, Imeci OB,

Ozmen O, et al Remifentanil ameliorates

lipopolysaccharide-induced ~ neuroinflammation by

regulating the phosphatidylinositol  3-kinase/serine-
threonine protein kinase/hypoxia-inducible factor 1 alpha
pathway. Pharmacol Res Perspect. 2025;13(1):¢70071.
Limagne E, Nuttin L, Thibaudin M, Jacquin E, Aucagne R,
Bon M, et al. MEK
chemoimmunotherapy resistance by inducing CXCL10 in
cancer cells. Cancer Cell. 2022;40(2):136-52.¢12.

Yang C, Xu X, Wu M, Zhao Z, Feng Y, Liang W, et al.

Huang-jin-shuang-shen decoction promotes CD8+ T-cell-

inhibition = overcomes

mediated anti-tumor immunity by regulating chemokine
CXCL10 in

2024;135:156065.
Yin H, Chen Q, Gao S, Shoucair S, Xie Y, Habib JR, et al.
The Crosstalk with CXCL10-Rich Tumor-Associated
Mast Cells Fuels Pancreatic Cancer Progression and
Advanced

gastric  cancer.  Phytomedicine.

Immune Escape. science.
2025;12(14):¢2417724.

Wang B, Wang M, Ao D, Wei X, et al. CXCL13-CXCRS
axis: regulation in inflammatory diseases and cancer.
Biochim Biophys Acta Rev Cancer. 2022;1877(5):188799.
Cappoli N, Aceto P, Tabolacci E, Mezzogori D, Sollazzi
L, Navarra P, et al. Effects of remifentanil on human C20
microglial pro-inflammatory activation. Eur Rev. Med
Pharmacol Sci. 2021;25(16):5268-74.

Zou R, Nishizawa D, Inoue R, Hasegawa J, Ebata Y,
Nakayama K, et al.(Effect of A118G (rs1799971) single-
nucleotide polymorphism of the p-opioid receptor OPRM1
gene on intraoperative remifentanil requirements . in
Japanese women undergoing laparoscopic gynecological
surgery. Neuropsychopharmacol Rep. 2024;44(3):650-7.
Deng J, Xiong M, Liao C, Xiang T, et al. Effects of
propofol on inflammatory response and activation of p38
MAPK signaling pathway in rats with ventilator-induced
lung injury. Acta Cir Bras. 2021;36(10):e361004.
Reschke R, Gajewski TF. CXCL9 and CXCL10 bring the
heat to tumors. Sci Immunol. 2022;7(73):eabq6509.

16/ Iran J Allergy Asthma Immunol,

45.

46.

47.

48.

Hussain M, Liu J, Wang GZ, Zhou GB, et al. CXCL13
signaling in the tumor microenvironment. Adv Exp Med
Biol. 2021;1302:71-90.

Ashrafizadeh M. Cell death mechanisms in human cancers:
molecular pathways, therapy resistance and therapeutic
perspective. J Cancer Biomol Ther. 2024;1(1):17-40.

Li J, Wang S, Huang S, Shao W, Zhang J, et al.
Remifentanil anesthesia on the expression of apoptosis-
related proteins Bcl-2 and Bax in rat myocardial cells with
ischemia-reperfusion injury. Cell Mol Biol (Noisy-le-
Grand). 2022;67(5):96-103.

Xiong J, Quan'J, Qin C, Wang X, Dong Q, Zhang B, et al.
Remifentanil pretreatment attenuates brain nerve injury in
response to cardiopulmonary bypass by blocking
AKT/NRF2  signal  pathway.

Immunotoxicol. 2022;44(4):574-85.

Immunopharmacol

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

