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Abstract: Objective To investigate the efficacy of perioperative oral gabapentin in multimodal analgesia following free
anterolateral thigh flap repair surgery, and its impact on pain, anxiety, depression, and fatigue in patients. Methods A total of
104 patients who underwent free anterolateral thigh flap repair surgery in the Department of Hand Surgery, Wuxi Ninth People’
s Hospital from January to June 2024 were selected and randomly divided into a control group (7=52) and a study group
(n=52). Both groups received patient-controlled intravenous analgesia (PCIA) postoperatively with sufentanil 2 ug/kg
combined with tropisetron 6 mg. The study group received oral gabapentin 0.6 g one hour before surgery and 0.9 g daily for
four consecutive days postoperatively. while the control group took inactive capsules with the same appearance in exactly the
same way as the research group. Resting Visual Analog Scale (VAS) scores, Pittsburgh Sleep Quality Index (PSQI) , Hospital
Anxiety and Depression Scale (HADS) , and Christensen Fatigue Score were recorded preoperatively and at 24, 48, and 72
hours postoperatively. Adverse reactions (dizziness, nausea and vomiting, vascular crisis) within 72 hours postoperatively, as
well as serum levels of inflammatory factors [interleukin (IL)-6, tumor necrosis factor (TNF)-a] and nerve growth factor (NGF) ,
were monitored. Results Compared to the control group, the study group showed significantly lower resting VAS score at 24,
48, and 72 hours postoperatively (P<0.01) . The PSQI and Christensen Fatigue Score at 48 and 72 hours postoperatively, and
the HADS score at 72 hours postoperatively, were significantly lower in the study group than in the control group (£<0.05).
Postoperative levels of IL-6 and TNF-a were significantly lower in the study group (P<0.05) , while NGF levels were significantly
higher. at 24, 48 and 74 hours postoperatively (£<0.05) Compared with the control group, the study group had a lower rate of
rescue analgesia use [5.77% (3/52) vs 34.62% (18/52), ¥ =13.425, P=0.002], fewer daily rescue analgesia administrations [(0.6+
0.3) times s (1.8+0.7) times, =11.362, P<0.01], lower total sufentanil consumption [(12.5£2.1) pg/kg vs (18.3+3.4) ug/kg, =
10.466, P<0.01], and fewer postoperative PCIA attempts [(8.2+1.5) times vs (14.7+2.8) times, =14.756, P<0.01]. There was no
statistically significant difference between the two groups in the incidence of adverse reactions such as dizziness, nausea and
vomiting, and vascular crisis (£>0.05). Conclusion Gabapentin combined with multimodal analgesia can effectively relieve
pain, anxiety, and fatigue, improve sleep quality, modulate inflammatory responses, and promote nerve regeneration after free
anterolateral thigh flap repair surgery, demonstrating good safety.

Keywords: Gabapentin; Multimodal analgesia; Skin flap repair surgery; Patient controlled intravenous analgesia; Fatigue;
Anxiety; Inflammatory response; Nerve growth factor

Free anterolateral thigh flap repair is a complex
surgical procedure. Postoperative pain may cause local
muscle tension in patients, affect blood supply to the flap,
and increase the risk of vascular crisis [1-2]. Effective
pain management can alleviate patients' muscle tension,
improve blood perfusion of the flap, facilitate early
functional exercise, and promote recovery [3]. Traditional
analgesic regimens mainly rely on opioids, which are
associated with multiple side effects such as nausea,
vomiting, and respiratory depression [4]. In recent years,
multimodal analgesia regimens have gradually attracted
attention. By combining multiple non-opioid drugs, they
achieve more effective analgesic effects while reducing
the use of opioids [4].

Gabapentin is a gamma-aminobutyric acid (GABA)
analog, which is widely used in the treatment of
neuropathic pain. Its mechanisms of action include
inhibiting neuroinflammatory response and regulating
neurotransmitter levels, among others [5]. This study
aims to investigate the application effect of gabapentin in
multimodal analgesia after free anterolateral thigh flap

repair, and evaluate its impacts on postoperative pain,
anxiety, sleep quality, fatigue, and biomarkers, so as to
provide new insights for clinical practice.

1 Subjects and Methods

1.1 Study Subjects

A total of 104 patients who underwent free
anterolateral thigh flap repair in the Department of Hand
Surgery of Wuxi Ninth People's Hospital from January to
June 2024 were selected. The enrolled patients were
randomly divided into a control group and a study group
using a random number table method, with 52 cases in
each group.

(1) Inclusion criteria: O aged 16 to 80 years old;
@American Society of Anesthesiologists (ASA)
classification grade I to II; ®no severe cardiopulmonary
dysfunction; @no mental disorders.
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(2) Exclusion criteria: (Dlong-term preoperative use
of analgesics, sedatives (such as benzodiazepines) or
anti-anxiety drugs; @allergy to gabapentin; (3)pre-existing
severe sleep disorders or anxiety and depression symptoms
before surgery.

Patients and their families were informed of the
content of this study and voluntarily signed the informed
consent form. The study was approved by the Ethics
Committee of Wuxi Ninth People's Hospital (approval
number: KS2025028).

1.2 Methods

This study adopted a double-blind design, and all
patients received general anesthesia. Anesthesia induction:
Intravenous injection of propofol (Jiangsu Yingke
Biopharmaceutical, National Drug Approval No.
H20203504, 20 mL: 0.2 g) 1-2 mg/kg, sufentanil
(Yichang Humanwell Pharmaceutical, Hubei; National
Drug Approval No. H20054171, 1 mL: 50 pg) 0.3-0.5
ng/kg, and rocuronium bromide (Guangdong Xinghao
Pharmaceutical, National Drug Approval No. H20103235,
5 mL: 50 mg) 0.6-0.9 mg/kg. After endotracheal
intubation, a ventilator was connected for assisted
breathing. Anesthesia maintenance: Inhalation of 1%-2%
sevoflurane (Lunan Betate Pharmaceutical, National Drug
Approval No. H20244849, 100 mL), and intermittent
intravenous injection of sufentanil 0.1-0.2 pg/kg. The
depth of anesthesia was adjusted according to the patient's
vital signs. Intraoperative indicators such as heart rate,
blood pressure, blood oxygen saturation, and end-tidal
carbon dioxide partial pressure were monitored to ensure
the stability of the patient's vital signs. During the study
period, benzodiazepines or other drugs with
sedative/anti-anxiety effects were prohibited to avoid
interference with the results of the Pittsburgh Sleep
Quality Index (PSQI) and Hospital Anxiety and
Depression Scale (HADS) scores.

Both groups of patients received patient-controlled
intravenous analgesia (PCIA) after surgery [6-7]. The
analgesic pump contained sufentanil 2 pg/kg and
tropisetron (Hainan Lingkang Pharmaceutical, National
Drug Approval No. H20060287, 5 mg) 6 mg, diluted to
100 mL with normal saline. The background infusion rate
was 2 mL/h, the single PCIA dose was 2 mL, and the
lockout time was 15 min. Patients in the study group
orally received 0.6 g of gabapentin (Zhejiang Yongtai
Pharmaceutical, National Drug Approval No. H20223322,
0.1 g) 1 h before surgery, and orally took 0.9 g of
gabapentin daily for 4 consecutive days after surgery.
Patients in the control group orally received inactive
capsules with exactly the same appearance, color, and
administration method as gabapentin 1 h before surgery
and daily after surgery for 4 consecutive days.

If the patient's postoperative resting Visual Analogue
Scale (VAS) score was >4 points (based on the moderate
pain threshold [4]) and the pain was not effectively
relieved by PCIA (the VAS score decreased by less than
2 points within 15 minutes after a single press [7]), 50 mg

of flurbiprofen axetil (Beijing Tide Pharmaceutical,
National Drug Approval No. H20041508, 5 mL: 50 mg)
was intravenously injected once every 6-8 h, with the
maximum daily dose not exceeding 200 mg. The
frequency, dose, and corresponding time points of rescue
analgesic drug use was recorded in the case report form
(CRF), and included as covariates in the model during
statistical analysis to control for their potential impact on
the study results.

1.3 Observation Indicators

1.3.1 Scale Scores

The following scale evaluations were performed on
patients before surgery, and at 24 h, 48 h, and 72 h after
surgery, and the scores were recorded. The Visual
Analogue Scale (VAS) score was used to evaluate pain,
the Pittsburgh Sleep Quality Index (PSQI) was used to
evaluate sleep quality [8], the Hospital Anxiety and
Depression Scale (HADS) was used to evaluate anxiety
and depression [9], and the Christensen Fatigue Score
was used to evaluate the degree of fatigue [10].

1.3.2 Biomarker Detection

Enzyme-linked immunosorbent assay (ELISA) was
used to detect the levels of inflammatory factors
[interleukin (IL)-6, tumor necrosis factor (TNF)-a] and
nerve growth factor (NGF) in the serum of patients at 24
h, 48 h, and 72 h after surgery.

1.3.3 Adverse Reactions

The occurrence of adverse reactions such as
dizziness, nausea and vomiting, and vascular crisis within
72 h after surgery was recorded.

1.4 Statistical Methods

SPSS 26.0 software was used for data analysis.
Measurement data conforming to normal distribution
were expressed as x+s. For repeated measurement
indicators, a linear mixed model was used to analyze the
time effect, group effect, and timexgroup interaction
effect. The Bonferroni method was used for simple effect
analysis. Skewed distributed measurement data were
expressed as M (P»s, P7s). Comparisons between multiple
time points were performed using generalized estimating
equations, and pairwise comparisons were performed
using the Mann-Whitney U test. Count data were
expressed as case (%), and comparisons were performed
using the y? test. A P value < 0.05 was considered
statistically significant.

2 Results

2.1 Comparison of Pain, Sleep Quality, Anxiety and
Depression, and Fatigue Scores

Analysis using the linear mixed model showed that
there were significant time effects, group effects, and
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timexgroup interaction effects in the postoperative VAS,
PSQI, HADS, and Christensen fatigue scores (P<0.01).
The VAS scores of the study group at 24 h, 48 h, and 72 h
after surgery were significantly lower than those of the
control group (P<0.05). Compared with the control group,
the PSQI scores of the study group at 48 h and 72 h after
surgery were significantly reduced (P<0.05). Compared
with the control group, the HADS score of the study
group at 72 h after surgery was significantly reduced
(P<0.05). Compared with the control group, the
Christensen fatigue scores of the study group at 48 h and
72 h after surgery were significantly reduced (P<0.05), as
shown in Table 1.

2.2 Comparison of Biomarker Levels

There was no statistically significant difference in
the preoperative serum levels of IL-6, TNF-0, and NGF
between the two groups of patients (P>0.05). Repeated
measures analysis of variance showed that the time
effects, group effects, and interaction effects of IL-6,
TNF-a, and NGF levels were all statistically significant
(P<0.01). The levels of IL-6 and TNF-a in the study
group at 24 h, 48 h, and 72 h after surgery were
significantly lower than those in the control group. The
NGF levels of the two groups of patients peaked at 72 h
after surgery, and the study group was significantly

higher than the control group at all postoperative time
points (P<0.01), as shown in Table 2.

2.3 Comparison of Postoperative Rescue Analgesia,
Opioid Consumption, and Number of PCIA Presses

Compared with the control group, the study group
had a lower rate of postoperative rescue analgesia use
[5.77% (3/52) vs 34.62% (18/52), ¥*>=13.425, P=0.002]
and fewer daily uses [(0.6 = 0.3) times vs (1.8 + 0.7)
times, =11.362, P<0.01]. Within 72 h after surgery, the
total consumption of sufentanil in the study group was
(12.542.1) pug/kg, which was significantly lower than that
in the control group [(18.343.4) pg/kg, =10.466, P<0.01].
The number of postoperative PCIA presses in the study
group was (8.2+1.5) times, which was significantly less
than that in the control group [(14.7£2.8) times, t=14.756,
P<0.01].

2.4 Adverse Reactions

There were no statistically significant differences in
the incidence rates of adverse reactions such as dizziness,
nausea and vomiting, and vascular crisis within 72 h after
surgery between the two groups of patients (P>0.05) as
shown in Table 3.

Tab.1 Comparison of perioperative VAS, PSQI, HADS and Christensen Fatigue Score between two groups [#n=52, point, M (P2s, P75)]

Time point VAS PSQI HANDS Christensen fatigue score
Control group Study group Control group  Study group  Control group Study group Control group Study group

Preoperatively 6.0(5.0,8.0) 6.0(5.0,6.5) 18.0(15.0,20.0) 16.0(12.0,19.0) 20.0(16.5,25.0) 18.0(15.0,21.5)  7.0(5.0,9.0) 5.0(3.0,7.0)

24 h postoperatively 4.02.0,5.0°  2.0(1.5,2.00® 12.0(9.5,15.5° 11.0(6.5,16.5)* 14.0(10.0,18.0)* 10.0(5.0,16.5)° 5.0(2.0,7.5)°  2.0(1.0,5.0)*

48 h postoperatively 4.02.0,5.0)°  1.0(0.0,1.0)® 12.0(10.0,19.0)° 8.0(4.5,13.0)*®* 11.0(9.5,18.0)* 8.0(4.0,13.5)°  5.0(2.0,6.0)°  1.0(1.0,2.5)%°

72 h postoperatively 3.0(1.0,3.5)  0.0(0.0,0.5)*d 10.0(8.0,12.0)* 5.0(3.0,10.5)**«d 11.0(7.0,15.5)* 5.0(2.0,10.0)** 2.0(1.0,5.0)*  0.0(0.0,1.0)2bd

X/P group value 96.390/<0.001 10.650/0.001 14.430/<0.001 27.620/<0.001

x7/P time value 101.000/<0.001 28.200/<0.001 16.460/<0.001 33.440/<0.001

L/P interaction Value 3.879/0.010 1.098/0.351 0.293/0.831 0.104/0.958

Note: Compared with the same group preoperatively, *P<0.05; Compared with the control group at the same time point, ®P<0.05; Compared with the
same group at 24 hours postoperatively, P<0.05; Compared with the same group at 48 hours postoperatively, 4P<0.05.

Tab.2 Comparison of perioperative biomarker levels between two groups (n=52, X£s)

Time point IL-6(pg/mL) TNF-a(pg/mL) NGF(pg/mL)

Control group Study group Control group Study group Control group Study group
Preoperatively 25.3+4.1 24.8+3.9 15.6£2.3 15.2+2.1 216.6+26.9 217.5+34.5
24 h postoperatively 135.4+14.3* 98.5+10.2% 62.7+7.8* 45.2+6.1% 220.1+24.8 241.6+24.0°
48 h postoperatively 120.5+15.220 85.3+12.6%* 58.448.7% 42,1+7.32¢ 214.6+23.6 244.6+21.3%
72 h postoperatively 95.8+11.7% 70.1+9.820 40.3+6.5% 30.5+5.220¢ 225.8+27.6° 250.4:429 420
X7/P group value 45.678/<0.001 56.789/<0.001 10.250/<0.001
X7/P time value 120.345/<0.001 98.234/<0.001 8.860/<0.001
X /P interaction Value 18.901/0.012 22.345/0.008 3.860/0.011

Note: Compared with the same group preoperatively, *P<0.05; Compared with the control group at the same time point, °P<0.05; Compared with the
same group at 24 hours postoperatively, °P<0.05.

Tab.3 Comparison of postoperative adverse reactions between 3 Discussion

two groups [n=52, case(%)]

This study explored the application effect of

Group Dizziness Nausea and vomiting  Vascular crisis ) ) . )

Control group  10(19.23) 8(15.38) 4(7.69) gabapentin in multimodal analgesia after free

;ztudy group 8(15.38) 4(7.69) 2(3.84) anterolateral thigh flap repair through a randomized
value 0.269 1.507 0.177 . .

P value 0.604 0220 0.674 controlled trial. The results showed that the combined use

of gabapentin significantly improved postoperative pain,
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anxiety, fatigue and sleep quality, regulated the levels of
biomarkers related to inflammatory response and nerve
regeneration, and did not increase the risk of adverse
reactions.

As a GABA analog, gabapentin mainly exerts an
analgesic effect by binding to the 028 subunit of
voltage-gated channels and inhibiting
neurotransmitter release [5,11], which can assist in
postoperative pain management [12]. The results of this
study showed that gabapentin significantly reduced the
postoperative VAS score, indicating that it has a good
effect in postoperative pain management. In addition, the
serum levels of IL-6 and TNF-a in the study group were
significantly reduced after surgery, suggesting that
gabapentin may alleviate postoperative pain by inhibiting
neuroinflammatory response. In this study, VAS > 4
points combined with ineffective PCIA (VAS reduction
less than 2 points) was used as the trigger condition for
rescue analgesia. This standard refers to the Clinical
practice guidelines for postoperative pain management in
adults (2024 edition) [13], aiming to balance comfort of
patient and the objectivity of research results. Although
the use rate of rescue analgesia in the study group was
lower than that in the control group, the interference with
inter-group differences was minimized by including it as
a covariate in the linear mixed model analysis. Future
studies can further optimize the control of confounding
factors through stratified design or matching analysis.

Postoperative anxiety and depression are important
factors affecting patient recovery[14]. In this study, the
postoperative HADS score of the study group decreased,
indicating that gabapentin can not only relieve
postoperative pain, but also improve the anxiety of
patients. The postoperative Christensen fatigue score of
the study group was significantly reduced, supporting the
value of gabapentin in comprehensive postoperative
management [15]. This may be related to the regulatory
effect of gabapentin on neurotransmitters [5,11], and
further studies can explore its potential mechanism in
neuroprotection and psychological rehabilitation.

Postoperative inflammatory response is an important
factor affecting patient recovery [16-17]. This study
detected the levels of IL-6, TNF-a and NGF in serum
after surgery, and found that gabapentin can significantly
reduce the levels of inflammatory factors and increase the
level of NGF. Through linear mixed model analysis, this
study confirmed that gabapentin not only reduced the
overall level of postoperative pain (group effect), but also
significantly changed the trend of pain over time
(interaction effect), indicating that its analgesic effect is
time-dependent. In addition, multi-time point biomarker
detection showed that IL-6 and TNF-a peaked at 24 h

calcium

after surgery, and the study group effectively blocked the
inflammatory cascade by inhibiting the early
inflammatory response and continuous regulation. The
dynamic increase of NGF suggests that gabapentin may
accelerate tissue repair by promoting nerve regeneration.

In this study, gabapentin combined with PCIA not
only improved postoperative pain and psychological state,
but also significantly reduced the total consumption of
sufentanil and the number of PCIA presses, further
verifying the clinical advantage of multimodal analgesia
in reducing opioid dependence through the synergistic
effect of non-opioid drugs. This result is consistent with
previous studies [18-19], suggesting that gabapentin has
important value in optimizing postoperative analgesia
strategies. Meanwhile, studies have shown that
multimodal analgesia regimens can reduce the use of
opioids, reduce postoperative adverse reactions, and
significantly improve postoperative pain, anxiety, fatigue
and sleep quality by combining a variety of non-opioid
drugs [20], further verifying the clinical advantage of
multimodal analgesia in reducing opioid dependence
through the synergistic effect of non-opioid drugs. This
indicates that multimodal analgesia regimens have broad
application prospects in postoperative pain management
[21-22].

The limitations of this study include the relatively
small sample size and short follow-up duration. Although
the use of preoperative sedative or anxiolytic medications
was restricted through exclusion criteria, postoperative
over-the-counter sedative medication use by patients was
not fully monitored. Future studies may further expand
the sample size, extend the follow-up period, explore the
role of gabapentin in long-term postoperative
rehabilitation, and strictly control for confounding factors
related to the use of sedative and anxiolytic medications.
In addition, animal experiments and cell experiments can
be combined to further investigate its mechanism of
action, providing a more solid theoretical foundation for
clinical application.

The gabapentin combined multimodal analgesia
regimen exhibits a significant analgesic effect after
anterolateral thigh free flap repair surgery. It can improve
postoperative anxiety, depression, and fatigue states,
regulate inflammatory responses and nerve regeneration,
accelerate patient recovery, and has good safety. This
study provides a new perspective for postoperative pain
management, and gabapentin is expected to become an
important component of multimodal analgesia regimens.
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(0.6 £0.3) vs (1.8 £0.7)IK,1=11.362,P<0.01 | \EF 25 R SIHFERE T D[ (12.542.1) pg/kg vs(18.323.4) pg/kg, 1=
10.466,P<0.01 ] 2 A5 PCIA %R BT /[ (8.2+1.5) R ws(14.7+2.8) 1K ,1=14.756,P<0.01 |, WLHA G K5 SWOIK
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Application of gabapentin in multimodal analgesia after free anterolateral

thigh flap repair surgery
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Department of Anesthesiology, Wuxi Ninth People’s Hospital ,Wuxi Ninth People’s Hospital Affiliated to Soochow University,
Wuxi, Jiangsu 214062, China
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Abstract: Objective To investigate the efficacy of perioperative oral gabapentin in multimodal analgesia following free
anterolateral thigh flap repair surgery, and its impact on pain, anxiety, depression, and fatigue in patients. Methods A
total of 104 patients who underwent free anterolateral thigh flap repair surgery in the Department of Hand Surgery, Wuxi
Ninth People’s Hospital from January to June 2024 were selected and randomly divided into a control group (n=52) and
a study group (n=52). Both groups received patient - controlled intravenous analgesia (PCIA) postoperatively with
sufentanil 2 pg/kg combined with tropisetron 6 mg. The study group received oral gabapentin 0.6 g one hour before
surgery and 0.9 g daily for four consecutive days postoperatively, while the control group took inactive capsules with the

same appearance in exactly the same way as the research group. Resting Visual Analog Scale (VAS) scores, Pittsburgh
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Sleep Quality Index (PSQI) , Hospital Anxiety and Depression Scale (HADS) , and Christensen Fatigue Score were
recorded preoperatively and at 24, 48, and 72 hours postoperatively. Adverse reactions (dizziness, nausea and vomiting,
vascular crisis) within 72 hours postoperatively, as well as serum levels of inflammatory factors [interleukin (IL)-6,
tumor necrosis factor (TNF)-a] and nerve growth factor (NGF), were monitored. Results Compared to the control group,
the study group showed significantly lower resting VAS score at 24, 48, and 72 hours postoperatively (P<0.01). The PSQI
and Christensen Fatigue Score at 48 and 72 hours postoperatively, and the HADS score at 72 hours postoperatively,
were significantly lower in the study group than in the control group (P<0.05). Postoperative levels of IL-6 and TNF-«
were significantly lower in the study group (P<0.05), while NGF levels were significantly higher at 24, 48 and 74 hours
postoperatively (P<0.05). Compared with the control group, the study group had a lower rate of rescue analgesia use
[5.77%(3/52) vs 34.62%(18/52), x’=13.425, P=0.002], fewer daily rescue analgesia administrations| (0.6+0.3)times vs
(1.8+0.7) times, t=11.362, P<0.01], lower total sufentanil consumption [(12.5+2.1) pe/kg vs (18.3+3.4) pe/kg, =
10.466, P<0.01], and fewer postoperative PCIA attempts [(8.2+1.5)times vs (14.7+2.8) times, 1=14.756, P<0.01 ].
There was no statistically significant difference between the two groups in the incidence of adverse reactions such as
dizziness, nausea and vomiting, and vascular crisis (P>0.05). Conclusion Gabapentin combined with multimodal
analgesia can effectively relieve pain, anxiety, and fatigue, improve sleep quality, modulate inflammatory responses, and
promote nerve regeneration after free anterolateral thigh flap repair surgery,, demonstrating good safety.

Keywords: Gabapentin; Multimodal analgesia; Skin flap repair surgery; Patient controlled intravenous analgesia;

Fatigue ; Anxiety; Inflammatory response; Nerve growth factor
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Tab2 Comparison of perioperative biomarker levels between two groups  (n=52, x+s)
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