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Abstract
Background

Postoperative nausea and vomiting is common after gynecological laparoscopic surgery despite the use
of prophylactic antiemetic medication. This study investigated that whether a permissive hypercapnia
ventilation strategy during surgery reduces the PONV.

Methods

In this prospective, randomized, controlled trial, 88 female patients aged 18–64 years undergoing
gynecological laparoscopic surgery were randomly assigned to conventional normocapnic ventilation
(control group, PaCO2 34–45 mmHg) or permissive hypercapnic ventilation (PHC group, PaCO2 45–55
mmHg). All patient received standardized general anesthesia. The primary outcome was the overall
incidence of PONV within 24 h after surgery. Secondary outcomes include the incidence of nausea,
retching and vomiting, rescue antiemetic use, perioperative hemodynamic variables, postoperative pain,
and adverse events. The rSO2 before anesthesia, 10 min and 60 min after pneumoperitoneum, and at the
end of surgery was also measured.

Results

Eighty-three patients were included in the final analysis, comprising 42 patients in the C group and 41
patients in the PHC group. The incidence of PONV within 24 h was significantly lower in the PHC group
than in the control group (39.0% vs 71.4%, 95% CI = 1.56–9.78, P = 0.004). The overall episodes of
nausea was lower within 24 h after surgery in the PHC group (41 vs 21, 95% CI = 0.31–0.89, P = 0.016),
and the overall episodes of vomiting was lower within 24 h after surgery in the PHC group (19 vs 9, 95%
CI = 0.24−1.00, P = 0.005). Rescue antiemetic use and postoperative pain scores were comparable
between groups. Baseline rSO2 did not differ between groups. However, rSO2 was significantly higher in
the PHC group than in the C group 60 min after pneumoperitoneum (66.9 vs 62.1, P < 0.001) and at the
end of surgery (64.4 vs 61.0, P = 0.007).

Conclusions

In patients undergoing gynecological laparoscopic surgery, a permissive hypercapnia ventilation strategy
targeting PaCO2 at 45–55 mmHg was associated with a lower incidence of PONV and higher
intraoperative regional cerebral oxygen saturation. The concurrent improvement in cerebral oxygenation
provides a potential physiological explanation for the observed reduction in PONV, although the
underlying causal mechanisms remain uncertain.

Trail registration

The trial was retrospectively registered Chinese Clinical Trial Registry (ChiCTR2500096048, date of
registration: 2025-01-16).
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Background
Postoperative nausea and vomiting (PONV) remains one of the most common and distressing
complications following general anesthesia [1]. Although rarely life-threatening, PONV can substantially
impair postoperative recovery, delay oral intake and mobilization, and reduce patient satisfaction [2–4].
Gynecologic laparoscopic surgery is associated with a particularly high risk of PONV because several
established risk factors frequently coexist, including female gender, non-smoker status, perioperative
opioid administration and laparoscopic surgery [5, 6]. In addition, pneumoperitoneum and prolonged
Trendelenburg positioning may further influence gastrointestinal and autonomic function, potentially
contributing to postoperative nausea and vomiting.

Current approaches to reducing PONV primarily focus on identifying patients at increased risk and
administering prophylactic antiemetic therapy [7–9]. Multimodal prophylaxis has substantially improved
the prevention of PONV, however, nausea and vomiting continue to occur despite appropriate antiemetic
treatment [10–12]. Consequently, identification of modifiable intraoperative factors that influence PONV
may provide additional opportunities to improve perioperative recovery [13, 14].

Carbon dioxide pneumoperitoneum is an essential component of laparoscopic surgery and inevitably
alters respiratory and hemodynamic stability. Absorption of carbon dioxide from the peritoneal cavity
increases arterial and end-tidal carbon dioxide concentrations, and anesthesiologists commonly
increase minute ventilation to maintain normocapnia. However, increasing evidence suggests that mild
hypercapnia may have potentially beneficial physiological effects, including modulation of inflammatory
responses and alterations in vascular and autonomic function [15, 16]. Consequently, permissive
hypercapnia has been investigated as a component of lung-protective ventilation strategies in several
clinical settings [17–19].

Whether intraoperative permissive hypercapnia influences PONV remains unclear. Changes in carbon
dioxide tension may affect cerebral blood flow, autonomic activity, gastrointestinal function, and
inflammatory signaling, all of which could influence the physiological pathways involved in nausea and
vomiting. Nevertheless, evidence regarding the relationship between intraoperative carbon dioxide
exposure and PONV, particularly in patients with a high risk of PONV, remains limited [14, 20].

Therefore, we designed this prospective randomized controlled trial to investigate the effect of a
predefined permissive hypercapnia ventilation strategy on PONV in patients undergoing gynecologic
laparoscopic surgery. We hypothesized that an intraoperative permissive hypercapnia ventilation
strategy would reduce the incidence of PONV compared with a conventional normocapnia ventilation
strategy.

Materials and methods
This study protocol was approved by the Ethics Committee of the First Affiliated Hospital of Dalian
Medical University, Approval No. PJ-KS-KY-2024-581(X) and the trial was retrospectively registered in the
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Chinese Clinical Trial Registry (ChiCTR 2500096048, date of registration 2025-01-16). Written informed
consent was obtained from all patients before surgery. This study adhered strictly to the Consolidated
Standards of Reporting Trials (CONSORT) guidelines and was conducted in accordance with the
Declaration of Helsinki. The primary objective was to evaluate the efficacy and safety of the proposed
intervention compared to standard care.

Inclusion and exclusion criteria
Enrollment eligibility included female adults aged 18–64 years undergoing gynecologic laparoscopic
surgery, with a body mass index (BMI) of 18–28 kg/m2, an American Society of Anesthesiologists (ASA)
physical status level I or II, and non-smokers. Patients with diabetes mellitus, motion sickness, previous
PONV history, and those who used opioids or steroid medication within 72 hours before surgery were
excluded.

Randomization and blinding
Two researchers not involved in clinical anesthesia generated the random sequence using the random
number table method. Randomization was performed in a 1:1 ratio between the two groups. Patients
were randomly allocated to receive either conventional normocapnia ventilation (C group, PaCO2 at 35-
45mmHg) or permissive hypercapnia ventilation (PHC group, PaCO2 at 45-55mmHg). To ensure patient
safety and appropriate ventilation adjustments, attending anesthesiologists were aware of group
assignment but did not participate in data collection, data analysis, or follow-up procedures. Patients,
data collectors, and data analysts were blinded to allocation.

Anesthesia and interventions
The demographic characteristics of included patients were obtained 1 day before surgery during the per-
anesthesia visit. The PONV risk of each patient was evaluated using the Apfel scoring system.

All patients received endotracheal general anesthesia. Electrocardiogram heart rate, respiratory rate,
oxygen saturation (SpO2), noninvasive blood pressure (NIBP), body temperature, the bispectral index
(BIS), and cerebral oxygenation (rSO2) were monitored. General anesthesia was induced after a 3-min

pure oxygen flush (5 L/min), and 2.0 mg/kg propofol, 0.5 µg/kg sufentanil, and 0.2 mg/kg cisatracurium
were slowly administered. All patients received 0.3 mg ramosetron for prophylaxis of PONV at
anesthesia induction. After the patient lost consciousness and the muscle relaxants took full effect,
endotracheal intubation was performed using a video laryngoscope. Mechanical ventilation was
performed using an inhaled oxygen concentration of 40%, a flow rate of 2 L/min, a tidal volume (TV) of
6–8 mL/kg, and an inhalation-to-breath ratio of 1:2. Positive end-expiratory pressure (PEEP) was set to 5
cmH2O. Respiratory rate was adjusted to maintain target PaCO2 during surgery: for conventional
normocapnia ventilation (C group), PaCO2 was maintained at 35–45 mmHg; for permissive hypercapnia

Page 5/19



ventilation (PHC group), PaCO2 was maintained at 45–55 mmHg. The difference between PaCO2 and
End-tidal CO2 (EtCO2) at 10 min after CO2 pneumoperitoneum was measured by arterial blood gas
analysis. PaCO2 was calculated indirectly from corrected EtCO2 (EtCO2 plus the difference between

PaCO2 and EtCO2 at 10 min after CO2 pneumoperitoneum). Ventilation settings were adjusted to
maintain the pre-determined PaCO2 range for each group until the end of surgery.

For anesthesia maintenance, 1.5−2 mg/kg∙h propofol, 0.1–0.2 µg/kg∙h remifentanil, 0.1 mg/kg∙h
cisatracurium, and 1%-2% sevoflurane were titrated, and BIS was maintained between 40 and 60. A
balanced salt solution was infused at 8–10 ml/kg∙h during surgery. Intraoperative management followed
the standardized enhanced recovery after surgery (ERAS) protocol, the mean blood pressure was
maintained within 20% of the pre-anesthesia baseline, and if vasopressors were required, norepinephrine
or phenylephrine were administered. All patients underwent laparoscopic surgery under 12 cmH2O
pneumoperitoneum. The end of surgery was defined as completion of the final skin suture. A
standardized patient-controlled intravenous analgesia (PCIA) protocol was used for postoperative pain
management: 1 mg/kg esketamine, 0.1–0.2 µg/kg dexmedetomidine, and 200 mg flurbiprofen axetil
diluted with 0.9% NaCl solution to 100 mL. The loading dose was 2 mL, the background infusion rate was
2 mL/h, the PCA bolus was 2 mL, and the lockout interval was 15 min. If the postoperative pain remained
uncontrolled, 50 mg of tramadol was intramuscularly administered.

Study outcomes
The primary outcome of this study was the incidence of PONV within 24 h after surgery. Any episode of
nausea, retching, or vomiting during the 24 h following surgery was considered a PONV occurrence. The
incidence of nausea, retching, and vomiting was recorded at 0–2, 2–6, and 6–24 h follow-up after
surgery or based on patients’ spontaneous complaints. Patients received 10 mg metoclopramide
dihydrochloride as a rescue antiemetic for PONV when they presented with any of the following
indications: repeated vomiting or retching (≥ 2 times) within half an hour; persistent nausea lasting more
than 15 minutes without relief; or a request for antiemetic treatment.

The secondary outcomes included intraoperative vital parameters such as mean blood pressure (MBP),
heart rate (HR), body temperature, and rSO2, which were recorded at four different time points: before
anesthesia induction (T0), 10 min after pneumoperitoneum (T1), 60 min after pneumoperitoneum (T2),
and the end of surgery (T3). The postoperative pain severity was assessed using the pain VAS, and
postoperative adverse events were also recorded.

Statistical analysis
Based on published data and our preliminary study, the incidence of PONV following gynecologic
laparoscopic surgery is approximately 70%. We hypothesized that the incidence of PONV would be 39%
in the PHC group. To achieve a statistical power of 0.8 and a class I error of 0.05, the number of patients
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required for each group was calculated to be 40 after considering loss to follow-up, withdrawal, and
other conditions. Allowing a 10% withdrawal rate, the final number of patients required for each group
was 44.

Data were analyzed using the statistic package for Social Science (SPSS) 26.0 software (IBM Corp.,
Armonk, NY, USA). Normality of continuous variables was assessed using the Shapiro-Wilk test.
Normally distributed data were presented as the mean ± standard deviation (SD) and compared with
independent-samples t tests (Welch correction when variances were unequal); non-normally distributed
data were presented as the median and interquartile range (IQR) or range and compared with Mann-
Whitney U tests; qualitative data were presented as frequency n (%) and compared with Fisher’s exact
tests where estimable. We compared the incidence of PONV between the PHC and control groups using
the chi-square test or Fisher's exact test, as appropriate. The treatment effect was expressed as the
relative risk (RR) with its 95% confidence interval (95% CI). For secondary outcomes, multiple
comparisons were not corrected; thus, these results should be interpreted as exploratory. All statistical
analyses were two-sided tests, and P < 0.05 indicated statistical significance.

Results

Baseline demographics and perioperative characteristics
A total of 88 patients were screened from February 2025 to May 2025. Of those, 88 patients were
randomly assigned to the C group or the PHC group. All participants received gynecologic laparoscopic
surgery with the designated anesthesia protocols, two patients were excluded in the C group (one
patient declined to participate, one patient changed to laparotomy), and 3 patients were excluded in the
PHC group (declined to participate). Finally, 42 patients in the C group and 41 patients in the PHC group
were analyzed. The subject flow diagram is shown in Fig. 1.

The baseline data and perioperative characteristics were well balanced between the two groups
(Table 1). The median age was 46 years in the C group and 48 years in the PHC group (P = 0.272). The
mean BMI (24.8 vs. 24.2, P = 0.334), ASA status (P = 0.546), and comorbiditiesy status did not differ
significantly between the two groups. Patients with an Apfel score of at least 2 (female, non-smoker)
were included in this study, indicating that patients in both groups had a moderate risk of PONV. The
duration of surgery (127.8 vs. 122.3 min, P = 0.552), anesthesia (143.5 vs. 136.0 min, P = 0.155), and
pneumoperitoneum (median time 94.5 vs. 96.0 min, P = 0.736) did not differ significantly between
groups. The use of sufentanil (median dose 45 vs. 45 µg, P = 0.879), remifentanil (median dose 0.9 vs.
0.9 mg, P = 0.693), and propofol (median dose 420 vs. 420 mg, P = 0.603) was comparable between
groups with no statistically significant difference. Awake time (median time 11.1 vs. 12.7 min, P = 0.491)
and intraoperative fluid therapy (1498.9 vs. 1513 mL, P = 0.523) also did not differ significantly between
the two groups. Intraoperative vital parameters, including HR, MBP, and body temperature at each time
point, showed no statistically significant difference between groups, indicating stable hemodynamics in
both groups (Table 2).
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Table 1
Comparison of preoperative and intraoperative baseline characteristics between the two groups
Age (years) C group (n = 42) PHC group (n = 41) P value

46.2 ± 9.4 48.5 ± 9.1 0.272

BMI (kg/m2) 24.8 (23.0, 26.9) 24.2 (22.9, 26.0) 0.334

ASA Physical status      

�, n (%) 7 (16.7) 4 (9.8) 0.546

Ⅱ, n (%) 35 (83.3) 37 (90.2)

Comorbidities      

Hypertension 2 (4.9) 3 (7.1) 0.512

Simplified Apel Risk Score    

2, n (%) 39 (95.1) 40 (95.2) 1.000

3, n (%) 2 (4.9) 2 (4.8)

Surgery duration (min) 127.8 ± 30.2 122.3 ± 2.3 0.371

Anesthesia time (min) 143.5 (126.3, 169.3) 136.0 (116.0, 148.0) 0.155

Duration of pneumoperitoneum (min) 94.5 (78.8, 120.8) 96.0 (77.5, 107.5) 0.736

Opioid dosage      

Sufentanil (µg) 45 (40, 50) 45 (40, 50) 0.879

Remifentanil (mg) 0.9 ± 0.3 0.9 ± 0.2 0.693

Propofol dosage (mg) 420.0 (387.5, 462.5) 420.0 (387.0, 485.0) 0.603

Extubation time (min) 11.1 ± 4.2 12.7 ± 4.7 0.119

Intraoperative fluid volume (mL) 1498.9 ± 314.0 1513.0 ± 311.1 0.523

Normally distributed measurement data were presented as the mean (SD), whereas non-normally
distributed data were presented as the median (IQR). Counting data were presented as n (%). BMI Body
mass index, ASA American Society of Anesthesiologists.
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Table 2
Intraoperative vital parameters between the two groups

HR (bpm) C group (n = 42) PHC group (n = 41) P value

     

T0 76.7 ± 10.4 76.6 ± 7.7 0.939

T1 64.50 ( 61.75, 72.00 ) 64.00 ( 59.00, 68.00 ) 0.268

T2 62.00 ( 57.75, 68.25 ) 63.00 ( 58.00, 68.50 ) 0.927

T3 64.00 ( 58.00, 67.00 ) 64.00 ( 58.00, 69.50 ) 0.491

MBP (mmHg)      

T0 96.8 ± 6.3 97.4 ± 5.3 0.666

T1 93.6 ± 8.3 93.3 ± 6.6 0.843

T2 94.4 ± 6.7 92.7 ± 6.6 0.249

T3 92.9 ± 7.2 92.3 ± 6.2 0.714

Body temperature (℃)    

T0 36.6 (36.5, 36.7) 36.5 (36.5, 36.8) 0.578

T1 36.5 (36.4, 36.6) 36.5 (36.4, 36.7) 0.468

T2 36.4 (36.2, 36.5) 36.4 (36.2, 36.5) 0.750

T3 36.3 (36.1, 36.4) 36.3 (36.1, 36.4) 0.430

Normally distributed measurement data were presented as the mean (SD), whereas non-normally
distributed data were presented as the median (IQR). HR Heart rate, MBP Mean blood pressure. T0:
before anesthesia induction, T1: 10 min after pneumoperitoneum, T2: 60 min after pneumoperitoneum;
T3: the end of surgery.

Primary outcome
The overall incidence of PONV in our study cohort was 55.4%. In total, 30 of 42 patients (71.4%) in the C
group and 16 of 41 patients (39.0%) in the PHC group experienced PONV within 24 hours following
surgery (95% CI = 1.56–9.78, P = 0.004). The number of episodes of nausea, retching, and vomiting were
15/3/9, 14/4/6, and 12/5/4 in the C group and 9/5/4, 7/2/2, and 5/0/3 in the PHC group at 0–2, 2–6, and
6–24 hours after surgery, respectively (Table 3). The incidence of nausea at each time points after
surgery did not differ significantly; overall, nausea was significantly less frequent in the PHC group (41
times in the C group and 21 times in the PHC group, 95% CI = 0.31–0.89, P = 0.016). The incidence of
retching at each time point after surgery was not statistically significant difference. The incidence of
vomiting at each time point after surgery was not statistically significant difference, the total incidence
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of vomiting 24 h after surgery was statistically significantly lower in the PHC group (19 times in the C
group and 9 times in the PHC group, 95% CI = 0.24−1.00, P = 0.026). In total, 21 patients in the C group
and 12 patients in the PHC group experienced multiple episodes of PONV: 3 patients in the C group and
1 patient in the PHC group experienced PONV at two different follow-up time points, and 18 patients in
the C group and 11 patients in the PHC group experienced PONV at three different follow-up time points.
The use of antiemetics was not significantly different between groups (5 patients in the C group, 3
patients in the PHC group, 95% CI = 0.38–7.68, P = 0.510).

Table 3
Incidences of PONV and rescue antiemetics between the two groups

0–2 h   C group

(n = 42)

PHC group

(n = 41)

Relative risk (95% CI) P

value

Nausea 15 9 0.61 (0.30–1.26) 0.186

  Retching 3 5 1.71 (0.67–4.32) 0.259

  Vomiting 9 4 0.46 (0.16–1.27) 0.133

2–6 h Nausea 14 7 0.51 (0.13–1.14) 0.102

  Retching 4 2 0.51 (0.12–2.12) 0.356

  Vomiting 6 2 0.34 (0.08–1.41) 0.138

6–24 h Nausea 12 5 0.43 (0.17–1.08) 0.072

  Retching 5 0 4.22 (0.00-not estimable) 1.000

  Vomiting 4 3 0.77 (0.24–2.48) 0.659

0–24 h Nausea 41 21* 0.52(0.31–0.89) 0.016

  Retching 12 7 0.60(0.27–1.33) 0.208

  Vomiting 19 9* 0.49(0.24−1.00) 0.005

PONV Frequency, n (%)      

0 12 (28.6) 25 (61.0)* 4.4 (1.74–11.18) 0.002

1 9 (21.4) 4 (9.8) 2.52 (0.71–8.96) 0.160

2 3 (7.1) 1 (2.4) 3.08 (0.31–30.87) 0.378

3 18 (42.9) 11 (26.8) 2.05 (0.81–5.14) 0.135

PONV (0–24 h), n (%) 30 (71.4) 16 (39.0)* 3.91 (1.56–9.78) 0.004

Rescue antiemetics, n (%) 5 (11.9) 3 (7.3) 1.71 (0.38–7.68) 0.510

Page 10/19



Counting data were presented as n (%). PONV Postoperative nausea and vomiting. *The difference
between the two groups was statistically significant.

Secondary outcomes
The baseline value of rSO2 was not significantly different between the two groups (61.7 vs. 60.5, P = 
0.180). The rSO2 was significantly higher in the PHC group at T2 and T3 (62.1 vs. 66.9 at T2, P < 0.001;
61.0 vs. 64.4 at T3, P = 0.007). Compared with baseline, rSO2 increased during surgery in the PHC group,
with significantly higher values at T2 and T3 (Table 4). Postoperative pain VAS scores and the use of
rescue analgesia showed no statistically difference between the two groups (Table 5). There were no
statistically significant difference in postoperative dizziness (5 patients in the C group and 3 patients in
the PHC group, P = 0.713), headache (3 patients in the C group and 2 patients in the PHC group, P = 
1.000), postoperative agitation (1 patient in the C group and 1 patient in the PHC group, P = 1.000), chest
tightness (2 patients in the C group and 4 patients in the PHC group, P = 0.433) between the two groups
of patients (Table 5).

Table 4
Intraoperative Regional Cerebral Oxygen Saturation

between the two groups
T0 C group (n = 42) PHC group (n = 41) P value

61.7 ± 4.30 60.5 ± 4.13 0.180

T1 63.4 ± 5.83 64.1 ± 4.53 0.501

T2 62.1 ± 4.73 66.9 ± 6.06* <0.001

T3 61.0 ± 4.80 64.4 ± 6.06* 0.007

Data were presented as the mean (SD). T0: before anesthesia induction, T1: 10 min after
pneumoperitoneum, T2: 60 min after pneumoperitoneum; T3: the end of surgery. *The difference
between the two groups was statistically significant.
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Table 5
Postoperative pain and adverse events between the two groups

VAS scores C group (n = 42) PHC group (n = 41) P value

     

0–2 h 3.0 ± 0.8 3.0 ± 0.6 0.874

2–6 h 2.8 ± 0.8 2.8 ± 0.6 0.640

6–24 h 0.6 (0.0, 1.2) 1.0 (0.0, 1.3) 0.259

PCIA bolus times 69 64 0.763

Rescue analgesia, n (%) 2.0 (4.8) 2.0 (4.9) 1.000

Dizziness, n (%) 5 (11.9) 3 (7.3) 0.713

Headache, n (%) 3 (7.1) 2 (4.9) 1.000

Postoperative agitation, n (%) 1 (2.4) 1 (2.4) 1.000

Chest tightness, n (%) 2 (4.8) 4 (9.8) 0.433

Hypoxemia, n (%) 0 (0.0) 0 (0.0) --

Laryngospasm, n ( % ) 0 (0.0) 0 (0.0) --

Overall adverse events, n (%) 11 (26.2) 10 (24.4) 0.871

Normally distributed measurement data were presented as the mean (SD), whereas non-normally
distributed data were presented as the median (IQR), counting data were presented as n (%). VAS Visual
analog scale, PCIA Patient-controlled intravenous analgesia.

Discussion
In this prospective randomized controlled trial, we found that a permissive hypercapnia ventilation
strategy targeting PaCO2 at 45–55 mmHg was associated with a significantly lower incidence of PONV
than a conventional normocapnic ventilation strategy targeting PaCO2 at 35–45 mmHg within 24 h after
gynecologic laparoscopic surgery. The permissive hypercapnia ventilation strategy was also associated
with higher regional cerebral oxygen saturation during later stages of surgery. These findings suggest
that the beneficial effect of permissive hypercapnia on PONV may be associated with alteration in
cerebral oxygenation during laparoscopic surgery.

PONV remains a major challenge after gynecological laparoscopic surgery despite the implementation
of ERAS protocols. The incidence of PONV is influenced by a variety of factors, including patients’
characteristics, anesthesia technique, perioperative medications, and type of surgery. Previous studies
have reported an incidence of PONV ranging from 40% to 80% in patients undergoing gynecological
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laparoscopic surgery [21–22]. Current ERAS pathways emphasise multimodal PONV prevention,
particularly in patients with moderate to high PONV risk [10–11]. The ERAS Society recommendations
for gynecological surgery advocate prophylaxis with a combination of at least two antiemetics for PONV
prevention. However, implementation of guideline-based PONV prevention in routine clinical practice
may be inconsistent [23]. In the current study, all patients received prophylaxis according to a
standardized anesthesia protocol. We reported that 71% of patients experienced PONV within 24 h after
surgery in the conventional normocapnic ventilation strategy group. This finding highlights the
limitations of relying exclusively on pharmacological prophylaxis and supports investigating modifiable
intraoperative factors that may influence PONV.

As part of lung-protective ventilation, permissive hypercapnia has been incorporated into approaches for
patients with respiratory failure, such as acute respiratory distress syndrome (ARDS). Permissive
hypercapnia may reduce ventilator-induced lung injury and attenuate mechanical and inflammatory
stress within the lung by accepting a controlled increase in PaCO2 rather than increasing minute
ventilation to maintain normocapnia. Furthermore, elevated PaCO2 can induce systemic and cerebral
vasodilation, thereby improving cardiovascular hemodynamics, tissue perfusion,, and cerebral
oxygenation. These physiological effects are particularly relevant during laparoscopic surgery, in which
CO2 pneumoperitoneum increases systemic CO2 absorption and intra-abdominal pressure, and

conventional ventilation strategies compensate by hyperventilation. Thus, a controlled increase in PaCO2

could influence postoperative outcomes such as PONV.

Recent studies have reported conflicting findings regarding the effect of hypercapnia on PONV. Saghaei
et al. reported that mild intraoperative hypercapnia (EtCO2 target: 43–45 mmHg) resulted in a lower
incidence and severity of PONV in patients who underwent percutaneous nephrolithotomy [14].
Conversely, another study found no significant difference in PONV between different intraoperative
PaCO2 level settings during laparoscopic surgery, with a maximum PaCO2 range of 46–50 mmHg [20]. In
our study, we used a higher PaCO2 target of 45–55 mmHg and observed a substantial reduction in
PONV. The upper PaCO₂ target in our study was higher than that used in the previous laparoscopic
surgery study, potentially resulting in greater hypercapnic exposure. Differences in surgical procedures
and pneumoperitoneum duration may have contributed to the discrepant findings. Therefore, the
relationship between the magnitude and duration of intraoperative hypercapnia and PONV requires
further investigation.

An important finding of our study was the concomitant increase in cerebral regional oxygen saturation.
Our study specifically evaluated regional cerebral oxygen saturation to provide additional physiological
information: baseline rSO2 was comparable between groups, whereas rSO2 became significantly higher

in the PHC group 60 min after pneumoperitoneum and at the end of surgery. This temporal pattern is
noteworthy because the difference in cerebral oxygenation emerged after exposure to
pneumoperitoneum rather than before anesthesia. The finding suggests that the higher PaCO2 target
may have influenced cerebral oxygenation during the period when patients were exposed simultaneously
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to pneumoperitoneum and Trendelenburg positioning [24–25]. Carbon dioxide is a potent cerebral
vasodilator, and moderate increases in PaCO₂ can increase cerebral blood flow. Therefore, increased
cerebral blood flow and oxygen delivery may have contributed to the higher rSO₂ observed in the
permissive hypercapnia group. In this study, the higher rSO₂ observed during permissive hypercapnia
provides a potential physiological link between the ventilation strategy and the observed reduction in
PONV. However, this study was not designed to determine whether rSO2 mediates the relationship
between PaCO2 and PONV, and we did not directly measure cerebral blood flow, cerebral perfusion
pressure, or cerebral oxygen metabolism. Future studies incorporating more direct assessments of
cerebral hemodynamics and cerebral oxygen metabolism are therefore warranted to clarify whether
changes in cerebral oxygenation contribute to the effect of permissive hypercapnia on PONV.

There are several limitations in this study. First, this study was a single-centre study involving relatively
healthy women undergoing gynecological laparoscopic surgery; therefore, the results may not be
generalizable to older patients with substantial cardiopulmonary comorbidity. Second, the relatively
small sample size limits the precision of the findings. Third, a corrected EtCO2 value was used as PaCO2

target to avoid multiple arterial blood gas analyses. Fourth, although patients, data collectors, and data
analysts were blinded to group allocation, the attending anesthesiologists could not be blinded due to
adjusting intraoperative ventilation settings. Finally, the study was not designed to investigate the
mechanism between increased rSO2 and reduced PONV. Larger, multicenter studies incorporating more
direct assessments of cerebral hemodynamics are warranted to determine whether cerebral oxygenation
mediates the relationship between permissive hypercapnia and PONV.

Conclusions
In patients undergoing gynaecological laparoscopic surgery, a permissive hypercapnia ventilation
strategy targeting PaCO2 at 45–55 mmHg was associated with a significantly lower incidence of PONV

compared with conventional normocapnic ventilation targeting PaCO2 at 35–45 mmHg. Permissive
hypercapnia was also associated with higher intraoperative regional cerebral oxygen saturation during
the later stages of surgery. This concurrent improvement in cerebral oxygenation may explain the
observed reduction in PONV, although the underlying mechanisms remain uncertain.
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Figure 1

Flow diagram of the study.
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