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Background: Neoadjuvant chemotherapy (NACT) is a key therapy for ovarian cancer that reduces tumor burden but injures normal
tissues, necessitating meticulous anesthesia management. However, the pharmacokinetics and pharmacodynamics of remifentanil,
a commonly used anesthetic analgesic, in this context remain inadequately studied, and relevant research in this patient population
remains insufficient.

Purpose: This prospective observational cohort study aimed to evaluate the effect of preoperative NACT on intraoperative
remifentanil requirements in ovarian cancer patients and assess perioperative outcomes to guide its rational clinical use.

Methods: Seventy ovarian cancer patients undergoing surgery were divided into NACT (3 to 4 cycles of paclitaxel + carboplatin) and
Non-NACT groups; 64 completed the study. The plasma concentration of remifentanil was titrated to maintain the intraoperative Index
of Consciousness 2 (I0C2) value between 35 and 45. The primary outcome was average intraoperative remifentanil consumption;
secondary outcomes included intraoperative and postoperative hemodynamic indicators, usage of vasoactive drugs, incidence of
adverse events, and postoperative recovery indicators.

Results: Compared with the Non-NACT group, the NACT group had significantly higher intraoperative remifentanil consumption
[11.89 + 2.02 vs. 9.40 + 1.81 pg-kg '*h™', p < 0.001] and target concentration adjustment frequency [3.97 (1.62) vs. 2.75 (1.32),
p=0.002]. Intraoperative heart rate (HR) and mean arterial pressure (MAP) were significantly higher in the NACT group at T3, T4, and
TS (all p<0.05). Specifically, HR at T3 [89.47 (12.00) vs. 81.56 (14.98), p=0.02], T4 [70.88 (9.20) vs. 64.53 (12.89), p=0.03], T5
[72.94 (12.86) vs. 64.31 (13.08), p=0.01]; MAP at T3 [122.80 (11.67) vs. 114.18 (12.48), p=0.01], T4 [103.16 (11.26) vs. 95.72 (8.87),
p=0.01], T5 [107.27 (12.38) vs. 99.91 (10.46), p=0.01].

Conclusion: Preoperative NACT increases ovarian cancer patients’ sensitivity to intraoperative pain, leading to higher remifentanil
consumption and more frequent concentration adjustments. Clinically, higher intraoperative analgesic doses are needed for adequate
pain control in this population.
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Introduction

Ovarian cancer (OC) ranks third among malignant tumors of the female reproductive system globally while having the
highest mortality rate." Due to subtle early symptoms, approximately 75% of patients are diagnosed at advanced stages,
significantly contributing to this mortality.” Neoadjuvant chemotherapy (NACT) refers to the administration of systemic
anticancer agents prior to surgery to improve surgical conditions. According to the NCCN guidelines,® when the Suidan
score is >3 and primary debulking surgery (PDS) is unlikely to achieve RO resection, the use of 3 to 4 cycles of NACT
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preoperatively can reduce tumor burden, improve surgical outcomes, eliminate microscopic metastases, and enhance
survival rates, making it a vital part of comprehensive treatment.*>

Currently, the paclitaxel and carboplatin regimen is the first-line NACT approach for advanced ovarian cancer.’
However, these agents can cause hepatorenal, central nervous system, and peripheral neurotoxicity,” ® affecting their
pharmacokinetics and potentially altering the metabolism of anesthetic drugs. Consequently, patients receiving NACT
may have different tolerance and dosage requirements for anesthetics compared to those not undergoing chemotherapy.
Most studies have focused on NACT’s impact on sedatives and neuromuscular blockers, with limited research on
intraoperative analgesic sensitivity in these patients. Understanding this sensitivity is vital for optimizing perioperative
recovery.

Another challenge in perioperative analgesia is the real-time, objective assessment of pain levels in patients under
general anesthesia. For a long time, anesthesiologists have primarily relied on the clinical evaluation of analgesic effects
based on changes in vital signs such as HR and MAP. However, the accuracy of this approach is far from sufficient. In
recent years, multiple studies have indicated that the IOC2, as a novel pain assessment index, can quantify the analgesic
effect.'™!! It objectively evaluates pain intensity in patients under general anesthesia, guiding the rational use of
analgesic drugs to reduce perioperative adverse events. This approach shows significant advantages and promising
application prospects in clinical practice.

This study aimed to evaluate the impact of NACT on the analgesic effect of remifentanil during ovarian cancer
surgery. We focused on effective pain management by guiding intraoperative analgesic administration based on I0C2
monitoring and determining the average consumption of remifentanil. The findings will provide a reference for the
rational and effective clinical use of remifentanil in patients who received NACT.

Methods and Materials
Study Design and Ethics

This prospective, observational, cohort clinical trial was designed, implemented, executed, and overseen by the study
sponsor and steering committee. Written informed consent was obtained from all study participants before enrolment.
The study was conducted in accordance with the Declaration of Helsinki and approved by the independent Institutional
Ethics Committee of Jiangsu Cancer Hospital (Ethics approval number: 2024-019-01) and obtained written informed
consent from all participants involved in the trial. The trial was registered at the Chinese Clinical Trial Center
(Registration number: ChiCTR2400090086).

Participants

This study was a prospective observational cohort study. Inclusion criteria were as follows: preoperative biopsy
pathology indicating ovarian cancer, age between 18 and 64 years, body mass index (BMI) of 18.5 to 28 kg'm 2,
American Society of Anesthesiologists (ASA) classification of II to III, no significant history of cardiopulmonary disease,
and laboratory tests showing no significant abnormalities in liver and renal function.

The patients were categorized into the NACT Group and the Non-NACT Group based on whether NACT was
administered preoperatively. Both groups underwent surgery conducted by the same anesthesiologists and gynecologic
oncologists, with similar tumor staging and comparable planned extents and degrees of resection, ensuring consistency
across surgical procedures. In the NACT Group, patients received preoperative NACT with three cycles of “paclitaxel
combined with carboplatin” (TC) regimen lasting 21 days per cycle. After imaging assessment and considering the
Fagotti score (Peritoneal Involvement Score< 4), these patients were considered suitable for surgical intervention. In the
Non-NACT Group, patients underwent surgery directly without preoperative NACT.

Exclusion criteria were as follows: declined participation; history of allergy to any medications used in this study;
history of radiation therapy; chronic alcohol consumption, chronic opioids, or other analgesic use (= 3 months);
pregnancy or lactation; severe cardiopulmonary disease or liver/kidney dysfunction; and diagnosis of mental illness or
other autonomic nervous system disorders that may affect electroencephalogram (EEG) results.
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Drop-out criteria were as follows: surgical duration < 2 hours or > 6 hours; severe intraoperative circulatory
instability (MAP and HR fluctuations exceeding 30% of baseline); intraoperative blood loss exceeding 30% of total
blood volume; postoperative endotracheal intubation and transfer to the ICU; and missing clinical data or withdrawal
from the study.

Neuromonitoring Methods

The level of analgesia was continuously recorded using the proprietary analgesia index IOC2 (Index of Consciousness 2,
also known as qNOX) with the Angel-6000D Multi-parameter Anesthesia Monitor (Shenzhen Weihaokang Medical
Technology Co., Ltd., Guangdong, China). IOC2 was utilized in this study to evaluate patients’ responses to noxious
stimuli and to assess analgesic depth. In the European market, IOC2 is referred to as qNOX (CONOX monitor, Fresenius
Kabi/Quantium Medical).

The IOC2 scale ranges from 0 to 99, with values between 50 and 99 indicating suboptimal intraoperative analgesia,
while values between 0 and 30 signify excessive analgesia.'' Zhao et al demonstrated that maintaining an I0C2 within
35—45 provides the optimal depth of analgesia, minimizing anesthetic-induced suppression of endocrine function to the
greatest extent. To minimize bias between the experimental and control groups, IOC2 values were maintained within the
35-45 range for both groups.

Anaesthetic Procedures

All patients received total intravenous anesthesia following routine preoperative fasting for 8 hours and nil by mouth for
liquids for 4 hours. No analgesics were administered preoperatively. Upon arrival in the operating room, standard
monitoring was initiated, including 5-lead electrocardiography, pulse oximetry, non-invasive automated blood pressure
measurement, and neuromuscular monitoring. Under local anesthesia, radial artery catheterization was performed for
invasive blood pressure (IBP) monitoring. A cerebral depth-of-anesthesia monitor (IOC) was attached for continuous
recording of IOC1 and I0C2.

Anesthesia was induced and maintained using target-controlled infusion (TCI). Propofol was administered using the
Marsh model, and remifentanil was delivered using the Minto model. Induction was performed with a plasma target
concentration (Cp) of 4 pg-mL™"' for propofol and 5 ng-mL™" for remifentanil, along with an intravenous bolus of
rocuronium 0.6 mg-kg™'. Following induction, tracheal intubation was performed when the train-of-four (TOF) count
reached 0 and IOC2 was below 45, to avoid stress responses related to tracheal intubation.

Following successful intubation, mechanical ventilation was initiated in pressure-controlled volume-guaranteed
(PCV-VG) mode: tidal volume 8-10 mL-kg ', FiO, 60%, respiratory rate 12-16 breaths/min, I:E ratio 1:2, and
PETCO, maintained between 35 and 45 mmHg. During the procedure, the propofol Cp was adjusted between 2 and 5
pg'mL™" to maintain IOC1 within 40-60. After intubation, the remifentanil Cp was titrated to 4 ng-mL~'. When 10C2
exceeded 45 for 1 minute, the Cp was increased by 0.5 ng'mL™'; conversely, when IOC2 fell below 35 for 1 minute, the
Cp was decreased by 0.5 ng-mL". If IOC2 increased by more than 10 within 1 minute, the Cp was further increased by
0.5 ng'-mL™". The remifentanil Cp was maintained between 2 and 6 ng'mL™' to keep IOC2 within 35-45. The
maintenance infusion dose of rocuronium was 0.6-1.0 mg-kg '-h™'. Intraoperatively, MAP and HR were maintained
within 20% of baseline values. When IOCI stabilized between 40 and 60 and IOC2 between 35 and 45, a persistent HR
below 50 beats per minute warranted intravenous administration of 0.5 mg atropine. If MAP fell below 80% of baseline,
5 mg ephedrine or 30-60 pg phenylephrine was administered intravenously. Intraoperative temperature management was
implemented to maintain nasopharyngeal temperature > 36°C. Given the visceral pain associated with ovarian cancer
resection, all patients received 10 mg oxycodone upon abdominal closure. Propofol and remifentanil TCI were
discontinued at the end of surgery. To prevent postoperative nausea and vomiting, 4 mg ondansetron was administered
at the end of surgery.

After surgery, all patients were transferred to the post-anesthesia care unit (PACU) and connected to a patient-
controlled intravenous analgesia (PCIA) pump. Extubation was performed when spontaneous ventilation was fully
restored, consciousness was regained, and the TOF ratio was greater than 0.9. The PCIA formulation consisted of
sufentanil 2.5 pg-kg ™' diluted in normal saline to a total volume of 100 mL. The background infusion rate was set at
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1.0 mL-h™", with a bolus dose of 1.0 mL per demand and a lockout interval of 15 minutes. The PCIA regimen was
adjusted to maintain a Visual Analogue Scale (VAS) score < 3. Rescue analgesia with flurbiprofen axetil 50 mg
intravenously was administered for a VAS score > 4, with a maximum daily dose not exceeding 100 mg. For post-
operative nausea or vomiting, ondansetron 2 mg was administered intravenously as needed.

Outcome Measures
The primary outcome was the average intraoperative dose of remifentanil.

Secondary outcomes included intraoperative and postoperative indicators. The intraoperative observational indicators
comprised MAP and HR at defined time points: on entering the operating room (T1), prior to anesthetic induction (T2), at
tracheal intubation (T3), 1 minute after intubation (T4), and at the end of surgery (T5). Additional intraoperative
indicators included other anesthetic drug doses, the frequency of vasoactive drug administration, the incidence of
intraoperative adverse events (such as hypotension and bradycardia), and the number of adjustments made to the
remifentanil plasma target concentration based on IOC2.

Postoperative observational variables included time to extubation, duration of PACU stay, and VAS scores at rest and
during movement at 24, 48, and 72 h after surgery. In addition, cumulative consumption of analgesics and antiemetics at
24, 48, and 72 h postoperatively was recorded. Other recorded variables included effective and total presses of the PCIA
pump, total 72-hour analgesic consumption, time to first flatus, and total hospital stay.

The average intraoperative dose of remifentanil (ug-kg '-h™') was calculated by dividing the total remifentanil
consumption dose (ug) by the weight of patients (kg) and the total duration of infusion (h).

Regarding intraoperative adverse events, intraoperative hypotension was defined as MAP< 65mmHg or IBP exceed

20% of the baseline, and intraoperative bradycardia is defined as a sinus HR below 50 beats per minute.'*"?

Statistical Analysis

In the pilot study of this study, under IOC2 monitoring, patients receiving NACT exhibited an average intraoperative
remifentanil consumption of (10.66+1.58) ug-kgf1 ‘h™!, while Non-NACT patients had an average consumption of (9.56
+1.12) pg-kg '*h™'. Sample size estimation was conducted using PASS software, setting the significance level at o= 0.05
and | - B = 0.85. The calculations indicated that a minimum of 30 patients per group was required. Taking into account
a 15% dropout rate, a final total of 35 patients per group was included, resulting in 70 patients overall.

All data were analyzed using SPSS version 24.0 (IBM, Armonk, NY, USA). Independent samples #-test was used for
intergroup comparisons of normally distributed continuous variables, while the Mann—Whitney U-test was applied for
non-normally distributed data. Categorical variables were compared using the chi-square test or Fisher’s exact test.
Normally distributed data are presented as mean + standard deviation, whereas categorical variables are reported as
frequencies (percentages). Non-normally distributed data are expressed as median and interquartile range [M (IQR)].
P<0.05 was considered statistically significant.

Results

Patient Population
The CONSORT flow diagram for participant inclusion was presented in Figure 1.

Characteristics Baseline

In this study, an initial cohort of 70 patients met the inclusion criteria. However, patients were subsequently excluded for
the following reasons: During the study period, one patient had an operation duration exceeding 6 hours, while two
patients had an operation duration of less than 2 hours. One patient was transferred to the ICU postoperatively with an
endotracheal tube in place. Additionally, two patients experienced blood loss exceeding 15% of their total blood volume.
Ultimately, 64 patients were included in the final analysis, with 32 patients in the NACT group and 32 patients in the
Non-NACT Group.
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Assessed for eligibility

(n=70)

Allocated to Neoadjuvant
Chemotherapy Groups
(n=35)

'

Lost to follow-up
(n=0)

Y

Allocation

Analysis(n=32)
Excluded from analysis (n=3)
Surgical duration exceeding 6

hours (n=1)
unplanned ICU transfer
(n=1)
intraoperative blood loss
surpassing 15% of total blood

volume (n=1)

Figure | Flow diagram of the participants’ inclusion in the study.

Allocated to Non-Neoadjuvant
Chemotherapy Groups
(n=35)

!

Lost to follow-up
(n=0)

Analysis(n=32)
Excluded from analysis (n=3)
Surgical duration less than 2
hours (n=2)
intraoperative blood loss
surpassing 15% of total blood

volume (n=1)

Demographics and surgical characteristics of the two groups were compared. No significant differences were
observed between the NACT group and the Non-NACT group in terms of age, height, weight, ASA classification,

patients’ preexisting comorbidities, patients’ preoperative blood pressure, heart rate, preoperative 24-hour VAS score,

preoperative medication use, tumor stage and surgical site (Tables 1 and 2).

Table | Characteristics Baseline

Characteristic NACT Non-NACT P value
Group (n=32) Group (n=32)
Ages, y, mean (SD) 52.56 (7.85) 53.06 (6.00) 0.776
Height, cm, mean (SD) 161.72 (4.93) 160.66 (3.44) 0.322
Weight, kg, mean (SD) 60.81 (5.01) 59.69 (5.33) 0.387
ASA Il 16/16 12/20 0313
(Continued)
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Table | (Continued).

Characteristic NACT Non-NACT P value
Group (n=32) | Group (n=32)

Tumor histologic type (%)

High grade serous 32 (100%) 32 (100%) 1.000
Smoking history (%) I (3%) 0 (0%) 1.000
Drinking history (%) 0 (0%) I (3%) 1.000
Hypertension (%) 7 (22%) 8 (25%) 0.768
Diabetes mellitus (%) 4 (12.5%) 3 (9%) 0.689
Arrhythmia (%) I (3%) I 3%) 1.000
Cardiovascular I (3%) 1 (3%) 1.000

disease (%)

SBR, mmHg, mean (SD) 13428 (10.62) | 13653 (12.06) | 0432
DBP, mmHg, mean (SD) 74.44 (9.25) 76.75 (8.20) 0294
HR, bpm, mean (SD) 73.06 (10.25) 76.75 (10.81) 0.166

Whether analgesic medications were taken in the two weeks prior to surgery (%)

Yes 3 (9%) 2 (6.25%) 1,000

No 29 (91%) 30 (93.75%) 1,000

Types of analgesic medications taken in the two weeks prior to surgery (%)

Non-steroidal anti-inflammatory drugs 3 (9%) 2 (6.25%) 1.000

Opioids 0 (0%) 0 (0%) 1.000

The VAS score within 24 hours before surgery

At rest 2.2 (0.8) 2.0 (0.6) 038

On movement 2.7 (0.9) 2.4 (0.7) 0.4l

Notes: Continuous variables are presented as mean (SD) or median (interquartile spacing), and categorical data are presented as number (percentage).
Abbreviations: ASA, American Society of Anesthesiologists; MAP, mean arterial pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart
rate; NACT, Neoadjuvant Chemotherapy; SD, Standard deviation.

Table 2 Tumor Staging and Extent of Tumor Resection

NACT Non-NACT P value
Group (n=32) | Group (n=32)

FIGO staging (%)

nc 17 (53.1%) 23 (71.9%) 0.121
IVA 15 (46.9%) 9 (28.1%) 0.121
IvVB 0 (0%) 0 (0%) 1.000

Abdominal area (%)

Hysterectomy 32 (100%) 32 (100%) 1.000

(Continued)
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Table 2 (Continued).

NACT Non-NACT P value
Group (n=32) | Group (n=32)
Bilateral salpingo-oophorectomy 32 (100%) 32 (100%) 1.000
Pelvic or para-aortic lymphadencctomy 32 (100%) 32 (100%) 1.000
Omentectomy 32 (100%) 32 (100%) 1.000
Appendectomy 10 (31.25%) 8 (25%) 0.578
Splenectomy 2 (6.25%) I (3%) 1.000
Liver resection 4 (12.5%) 2 (6.25%) 0.668
Bowel resection and anastomosis 4 (12.5%) 2 (6.25%) 0.668

Notes: Values are presented as number (percentage).

Primary Outcome Measure
The average intraoperative dose of remifentanil in the NACT group was (11.89+2.02) pg-kg '-h™', compared with
(9.40+1.81) pg-kg "*h™" in the Non-NACT group (P < 0.001).

Intraoperative Datas

There were no significant differences in anesthesia time, operation time, blood loss, urine output, fluid infusion volume,
and other intraoperative data between the two groups (P > 0.05). The results showed that the number of Cp adjustments
based on IOC2 in the NACT group was significantly higher than that in the Non-NACT group (P = 0.002). These data
were presented in Table 3.

Table 3 Basic Information of Patients During the Surgery

Indicators NACT Group (n=32) Non-NACT Group (n=32) | P value
Medications
Remifentanil average dosage (ugl/kglh) 11.89 (2.02) 9.40 (1.81) < 0.001*
Propofol average dosage (mglkg/min) 0.158 (0.025) 0.149 (0.025) 0.062
Midazolam dosage (mg) 1.00 (1.00,2.00) 1.00 (1.00,2.00) 0.186
Frequency of target concentration (times) 3.97 (1.62) 2.75 (1.32) 0.002*
Operation duration (h) 3.67 (2.90,4.59) 3.35 (2.88,4.10) 0.445
Anesthesia Duration (h) 3.10 (2.46,3.94) 2.87 (2.48,3.56) 0.512
Blood loss (mL) 200.00 (100.00,400.00) 200.00 (100.00,400.00) 0.975
Urine volume (mL) 300.00 (200.00,475.00) 300.00 (200.00,400.00) 0.722
Intraoperative blood transfusion
Red cell concentrated (u) 0.00 (0.00,3.00) 0.00 (0.00,2.00) 0.309
Plasma (mL) 0.00 (0.00,200) 0.00 (0.00,150) 0.465
(Continued)
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Table 3 (Continued).

Indicators NACT Group (n=32) Non-NACT Group (n=32) | P value

Fluid infusion

Crystalloid (mL) 2000.00 (1500.00,2500.00) 2000.00 (1500.00,2500.00) 0.843

Colloidal solution (mL) 0.00 (0.00,500.00) 0.00 (0.00,500.00) 0.085

Intraoperative adverse events (%)

Hypotension 9 (28.1%) 8 (25.0%) 0.777
Bradycardia 2 (6.25%) | (3.1%) 1.000
Intraoperative use of vasoactive drugs (%) 9 (28.1%) 8 (25.0%) 0.777

Notes: Continuous variables are presented as mean(SD) or median (interquartile spacing), and categorical data are presented as number
(percentage). *Compared with the N Group, P<0.05.

At three key time points—tracheal intubation (T3), 1 minute after intubation (T4), and the end of surgery (T5)—this
study demonstrated that the MAP and HR levels in the NACT group (N Group) were significantly higher than those in
the Non-NACT group (C Group) (P < 0.05). At baseline time points, namely entry to the operating room (T1) and pre-
intubation after induction of anesthesia (T2), no statistically significant differences in MAP and HR levels were observed
between N Group and C Group (P > 0.05). These results were shown in Table 4, Figures 2 and 3.

Postoperative Indicators

After surgery, no statistically significant differences were observed between the NACT group and the Non-NACT group
in terms of extubation time, awakening time, and the use of rescue antiemetics and analgesics in patients in the PACU (P
> (.05). Please refer to Table 5.

On postoperative days 1, 2, and 3, there were no statistically significant differences between the NACT group and the
Non-NACT group in VAS scores at rest and during activity (coughing), as well as in the use of rescue antiemetics and
analgesics (P > 0.05). Refer to Table 6.

Additionally, compared with the Non-NACT group, the NACT group showed statistically significant differences in
effective press counts, total press counts, and PCIA usage within 72 hours (P < 0.05). There were no statistically

significant differences between the two groups in the time to first flatus or total hospital stay (P > 0.05). Refer to Table 7.

Table 4 MAP and HR at Different Time Points During the Procedure

T 1 Tz T3 T4 T 5

HR (bpm) N Group | 77.50 (11.87) | 72.56 (13.72) | 89.47 (12.00) | 70.88 (9.20) | 72.94 (12.86)

C Grou 80.81 (13.78 78.63 (13.50 81.56 (14.98 64.53 (12.89 64.31 (13.08
p

P value 0.31 0.08 0.02* 0.03* 0.01*

MAP (mmHg) | N Group | 116.94 (12.80) | 111.80 (11.90) | 122.80 (I1.67) | 103.16 (I1.26) | 107.27 (12.38)

CGroup | 11527 (11.73) | 11233 (14.82) | 114.18 (12.48) | 9572 (887) | 99.91 (10.46)

P value 0.59 0.88 0.01* 0.01* 0.01*

Notes: The N Group refers to the preoperative neoadjuvant chemotherapy group. The C Group refers to the group that did not receive
neoadjuvant chemotherapy preoperatively. Values are presented as mean (SD). *Compared with the N Group, P<0.05.
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150
* -# C Group
* * -o—- N Group
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T1 T2 T3 T4 TS
Time Point

Figure 2 MAP at different time points during the surgery.
Notes: T, On entering the operating room; T2, Prior to anesthetic induction; T3, At tracheal intubation; T4, One-minute post-intubation; T5, At the end of surgery.
*Compared with the N Group, P<0.05.

150
-# C Group
-~ N Group
*
100
%2:;
14
T
50
0 1 1 1 1 1

T1 T2 T3 T4 T5
Time Point

Figure 3 HR at different time points during the surgery.
Notes: Tl, On entering the operating room; T2, Prior to anesthetic induction; T3, At tracheal intubation; T4, One-minute post-intubation; T5, At the end of surgery.
*Compared with the N Group, P<0.05.

Discussion

NACT is pivotal in the management of ovarian cancer, aiming to reduce tumor size and enhance surgical outcomes.''*
However, its application may influence the pharmacokinetics and pharmacodynamics of general anesthetics, thereby
affecting intraoperative depth of anesthesia, recovery, and perioperative analgesia. Studies have shown that NACT can
increase patient sensitivity to inhalational anesthetics, reduce the minimum alveolar concentration for blocking adrener-
gic responses (MAC-BAR) of sevoflurane, and alter its efficacy.'” Additionally, NACT has been found to enhance the
sedative effects of propofol during induction and prolong its duration of action during surgery.'® Furthermore, abnorm-
alities in voltage-gated Na' channel function induced by NACT can lead to changes in neuromuscular excitability,
thereby affecting muscle relaxation and the dosage required for muscle relaxants.'”'® Current research on the effects of

Table 5 The Indicators for Patients Entering the PACU Postoperatively

Post-Anaesthesia Care Unit NACT Non-NACT P value
Group (n=32) | Group (n=32)

Extubation time(min) 27.22 (12.71) 27.75 (12.34) 0.866

Awakening time (min) 26.38 (12.53) 27.19 (12.20) 0.793

Nausea and vomiting(%) 4 (12.5%) 3 (9%) 1.000

Flurbiprofen axetil(%) 4 (12.5%) 5 (15.6%) 1.000

Notes: Values are expressed as mean (SD) and categorical data are described by n (%).
Abbreviation: PACU, Post-anaesthesia care unit.
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Table 6 Indicators Within Three days Postoperatively

Outcomes NACT Non-NACT P value
Group (n=32) | Group (n=32)

VAS score

24h after surgery

At rest 3.3 (1.9) 2.8 (1.7) 0.09

On movement 42 (1.3) 38 (1.4) 0.49

48h dfter surgery

At rest 3.0 (1.1 2.8 (I.1) 0.46

On movement 4.0 (1.2) 3.6 (1.5) 0.57

72h dfter surgery

At rest 2.4 (0.8) 2.2 (0.7) 0.48

On movement 3.1 (1.3) 2.9 (0.8) 0.34

Rescue analgesia

0-24h dfter surgery 6 (18.75%) 6 (18.75%) 1.00

24—48h after surgery 2 (6.25%) 1 (3.125%) 1.00

48-72h dfter surgery 0 0 1.00

Use of rescue antiemetics

0-24h dfter surgery 4 (12.5%) 3 (9%) 1.00

24—48h after surgery I (3.125%) 1 (3.125%) 1.00

48-72h dfter surgery 0 0 1.00

Notes: Values are presented as mean (SD), or number (percentage).
Abbreviation: VAS, Visual Analogue Scale.

Table 7 Usage of the PCIA Pump and Related Indicators for Postoperative Recovery

Indicators NACT Non-NACT P value
Group (n=32) | Group (n=32)

Effective pressing times of PCIA (times) 12.31 (2.55) 10.94 (2.06) 0.021*

Total number of PCIA compressions (times) 14.97 (2.36) 13.09 (1.86) 0.002*

Analgesic usage within 72 hours after surgery with the PCIA (mL) 83.91 (6.64) 80.34 (4.53) 0.015*

Anal gas expulsion time (days) 3.72 (0.73) 3.72 (0.86) 1.000

Duration of hospitalization (days) 9.53 (1.90) 9.03 (1.60) 0.259

Notes: Values are presented as mean (SD). *Compared with the N Group, P<0.05.

Abbreviation: PCIA, Patient-controlled intravenous analgesia.

NACT on intraoperative anesthetic agents has primarily focused on sedatives and neuromuscular relaxants, while studies
examining its impact on analgesics remain limited. However, adequate analgesia is an essential component of the
perioperative period. Chemotherapeutic agents, as cytotoxic stimuli, affect the neuro-immuno-endocrine system, causing
damage to nociceptive Ad and C fibers through mechanisms such as mitochondrial dysfunction, increased oxidative
stress, and neuroinflammatory responses, ultimately leading to heightened pain sensitivity.'>*° Wang et al*' demonstrated
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that neoadjuvant PD-1 inhibitor therapy increases perioperative opioid consumption and postoperative pain in non-small-
cell lung cancer (NSCLC) patients, while Sarkar et al reported a higher neuropathy risk (elevated movement-related VAS
scores) in patients receiving NACT.*?

Remifentanil is a potent, ultra-short-acting synthetic opioid analgesic primarily used for intraoperative anesthesia
maintenance. Unlike conventional analgesics that undergo hepatic and renal metabolism, remifentanil is primarily
hydrolyzed by non-specific esterases in plasma and tissues. This metabolic feature endows remifentanil with a rapid
degradation profile (short context-sensitive half-time) and enhanced controllability, making it more suitable than other
analgesics for observing differences in analgesic dosing among diverse patient populations. In clinical practice, we
observed that patients undergoing NACT required a higher remifentanil dosage compared with those who did not receive
NACT. Notably, previous studies have rarely focused on the impact of NACT on remifentanil efficacy in patients with
ovarian cancer. Our study demonstrates that patients who received preoperative NACT required a significantly higher
remifentanil dosage compared with those who did not undergo preoperative NACT. This finding suggests that NACT
may affect the analgesic efficacy of remifentanil. A comprehensive understanding of the impact of NACT on remifentanil
is crucial for anesthesiologists to achieve more effective intraoperative pain management and reduce postoperative
complications.

Although relevant literature is scarce, indirect evidence suggests that preoperative NACT agents (eg, paclitaxel,
carboplatin) for ovarian cancer are closely associated with the development of neuropathic pain.? Specifically, these
chemotherapeutic agents upregulate perioperative inflammatory cytokines, including IL-1, IL-6, IL-8, TNF-a, and IL-,
which in turn activate transient receptor potential ankyrin 1 (TRPAl)—a polymodal, non-selective cation-permeable
channel expressed in nociceptors and implicated in chemotherapy-induced peripheral neuropathy as well as other painful
neuropathic conditions—thereby enhancing TRPA1-mediated signaling. Concurrently, NACT agents induce “calcium
overload” through distinct mechanisms: paclitaxel inhibits microtubule depolymerization to block mitosis,** carboplatin
disrupts endoplasmic reticulum calcium pump function and reduces mitochondrial calcium uptake,” and paclitaxel
further activates mitochondrial permeability transition pores, leading to rapid mitochondrial depolarization and disrupted
Ca”" release from both mitochondria and the endoplasmic reticulum, which ultimately contributes to neuronal damage.*®
This abnormal elevation in intracellular calcium concentrations alters presynaptic membrane potential by inhibiting
calcium-dependent potassium channels and activating calcium-dependent sodium channels, impairing opioid receptor
signal transduction.

Additionally, the dorsal root ganglion (DRG)—a primary center for nociceptive signaling critical to the onset and
maintenance of acute and chronic neuropathic pain*’—undergoes morphological changes in neuron nuclei following
NACT exposure, resulting in reduced opioid receptor expression; recent studies”®’ have further shown that increased
methylation of the p-opioid receptor gene (Oprm1) promoter, coupled with recruitment of epigenetic regulators such as
methyl-CpG binding protein 2 (MeCP2) and histone deacetylase 1 (HDAC1), modulates promoter acetylation status to
downregulate neuronal p-opioid receptor expression.

Moreover, multiple studies?”*° have identified Sigma-1 receptor activation as a key driver of neuropathic pain, which
inhibits endogenous opioid analgesia and promotes mechanical allodynia and pathological pain, with platinum-based
NACT agents potentially enhancing this inhibitory effect to reduce patient sensitivity to opioids.*’ Furthermore,
inflammatory mediator secretion induced by NACT directly or indirectly activates pain receptors linked to mechanical
allodynia and thermal hyperalgesia, leading to pain sensitization.

Collectively, these interconnected mechanisms—TRPAT1 activation, calcium homeostasis disruption, impaired opioid
receptor signaling, reduced opioid responsiveness, and disrupted endogenous analgesic pathways—diminish the analge-
sic efficacy of opioids, thereby increasing the requirement for analgesic medications during surgery and the postoperative
period. Notably, further basic research is needed to clarify the specific correlation between ovarian cancer NACT agents
and Sigma-1 receptors, as existing investigations have focused primarily on oxaliplatin.

Statistical analysis of the secondary outcomes indicated that MAP and HR in the experimental group were
significantly higher at T3, T4, and T5 compared with the control group (P < 0.05). These time points—tracheal intubation
(T3), 1 minute after intubation (T4), and the end of surgery (T5)—represent major perioperative nociceptive stimuli. The
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observed differences in MAP and HR suggest that patients receiving NACT exhibit increased sensitivity to painful
stimuli, leading to a higher demand for analgesics.

Although we adjusted the remifentanil dosage when IOC2 exceeded 45, baseline analgesia inadequacy (eg, reduced
opioid receptor availability*®) may have influenced the observed outcomes. The frequency of adjustments to the plasma
target concentration based on IOC2 in the experimental group was significantly higher than in the control group, further
indicating that NACT patients are more sensitive to analgesic interventions, resulting in more frequent adjustments.

Postoperative data from this study indicate that NACT increased the effective button presses, total presses, and usage
of the PCIA pump within 72 hours in ovarian cancer patients, without significantly increasing pain-related adverse
effects. Various inflammatory responses, neural remodeling, and reductions in opioid receptor expression caused by
NACT may enhance pain perception, thereby resulting in a greater requirement for analgesics to manage postoperative
pain. However, there were no significant differences in postoperative VAS scores between the two groups, likely due to
the increased use of the PCIA pump in patients receiving NACT, which may have reduced overall postoperative pain
intensity. This study found no significant differences in the intraoperative doses of propofol and benzodiazepines, while
remifentanil consumption differed significantly. This finding indicates that NACT has a more pronounced impact on
analgesic needs than on sedative requirements.

In our study, we selected IOC2 (qNOX) as a quantitative measure to monitor analgesia levels in patients under
general anesthesia. Unlike analgesia monitoring techniques such as the analgesia nociception index (ANI)*? and skin
conductance (SC),*® which rely on peripheral vasoconstriction and cardiac autonomic activity, IOC2 calculates the
amplitudes of theta and delta frequency bands in EEG signals. This method is less affected by vasoactive medications
and heart rate fluctuations. Previous studies'®***> have indicated that IOC2 can reflect patients’ sensitivity to nociceptive
stimuli in an unconscious state, offering advantages such as non-invasiveness, real-time monitoring, continuous assess-
ment, and quantification. The real-time adjustment of remifentanil dosage through IOC2 monitoring allows for more
effective intraoperative pain management while minimizing interference from different analgesic effects. No statistically
significant differences were observed in postoperative outcomes between the groups; however, prompt intraoperative
adjustments based on IOC2 improved postoperative recovery quality. Additionally, adjusting the propofol target
concentration using IOC1 showed no significant differences in extubation and awakening times, indicating its efficacy
in monitoring intraoperative depth of consciousness.

This study has some limitations. (1) Pain perception is subjective and influenced by factors like age, psychological
state, and emotions; these were not considered in the analysis, which may impact VAS scores. (2) The study lacked long-
term follow-up, necessitating further research on the impact of NACT on long-term sensitivity to postoperative pain. (3)
Considering the interaction between propofol and remifentanil, lower doses of propofol may increase the demand for
remifentanil. Although we adjusted the propofol dosage to achieve an appropriate anesthetic depth for the surgery (ie,
maintaining the IOC1 value within the range of 40-60), this adjustment may still introduce a potential bias in the

intraoperative average consumption of remifentanil.

Conclusion

In ovarian cancer patients undergoing NACT, the average intraoperative dose of remifentanil was significantly increased
by approximately 26.49%. This finding suggests that NACT may reduce the analgesic efficacy of remifentanil, indicating
that clinicians should appropriately increase the dosage of remifentanil to alleviate intraoperative nociceptive stimuli.
Furthermore, analgesic requirements within 72 hours postoperatively were also elevated in patients who received NACT,
highlighting the necessity of enhanced postoperative pain management in this patient population. This goal can be
achieved by optimizing the parameters of postoperative analgesia pumps, adopting multimodal analgesic strategies, or
performing nerve blocks. However, careful consideration is essential to avoid potential complications associated with

excessive analgesia.
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