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Abstract

Purpose Pneumoperitoneum and the steep Trendelenburg position during laparoscopic gynecological surgery may increase
intracranial pressure, which can be estimated using ultrasound measurement of the optic nerve sheath diameter (ONSD). In
this study, we evaluated the effect of obesity on ONSD in patients undergoing laparoscopic gynecological surgery.
Methods Sixty-eight patients who underwent laparoscopic gynecological surgery were allocated to either the non-obese
(n=34) or obese (n=34) groups. ONSD was assessed using ultrasound after anesthesia induction, at 30 and 60 min after
pneumoperitoneum and Trendelenburg positioning, and at 10 and 60 min, and 24 h after desufflation and return to the supine
position. Postoperative nausea and vomiting (PONV) and headache were evaluated 1 and 24 h after surgery.

Results ONSD increased significantly during pneumoperitoneum and Trendelenburg positioning in both groups (P <0.001,
respectively) and was higher in the obese group at each time point throughout and after surgery (P <0.007, respectively).
The increased ONSD during surgery returned to baseline 24 h after desufflation in the non-obese group, but not in the obese
group. The incidence of PONV 1 h after surgery was significantly higher in the obese group than in the non-obese group
(59% vs. 21%, respectively; P=0.001). The incidence of PONV 24 h after surgery and postoperative headaches were not
different between the two groups.

Conclusion ONSD was significantly higher in the obese group than in the non-obese group throughout and after laparo-
scopic gynecological surgery. The increased ONSD during surgery did not return to baseline even 24 h after desufflation in
the obese group.
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Introduction

Laparoscopy is widely used in gynecological surgery due to
its advantages, such as less blood loss, reduced postoperative
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during laparoscopic surgery [4—8]. Although an increase in
ICP during laparoscopy rarely causes serious neurological
complications, it has potential to induce postoperative nau-
sea and vomiting (PONV) or headaches [9]. A study involv-
ing patients undergoing laparoscopic hysterectomy showed
that patients with more extensive increases in ONSD had a
higher incidence of PONYV or postoperative headaches [6].

Obesity rates have risen significantly in the past few dec-
ades [10], and the number of obese patients undergoing lapa-
roscopic gynecological surgery is increasing. An increase
in ICP during laparoscopic surgery may be exacerbated
by obesity. Obese patients tend to have higher abdominal
pressure, which may further elevate ICP during the steep
Trendelenburg position and pneumoperitoneum [1]. Obese
patients present with greater increases in ONSD during lapa-
roscopic surgery performed in the supine position than those
of non-obese patients [11]. However, it remains unclear how
obesity affects ONSD during laparoscopic surgery involv-
ing pneumoperitoneum and the steep Trendelenburg posi-
tion. It is also unclear when the increased ONSD during
surgery returns to baseline levels. In the present study, we
investigated the effect of obesity on ONSD during and after
laparoscopic gynecological surgery.

Methods

This study was approved by the Institutional Review Board
of our hospital (no. 20-2020-40). After approval of the
study protocol and registration prior to patient enrollment
at ClinicalTrials.gov (NCT04427085). After obtaining
written informed consent, adults aged > 19 years who were
scheduled for laparoscopic gynecological surgery with an
expected time of pneumoperitoneum and Trendelenburg
positioning > 1 h were recruited for this study. Exclusion
criteria included preexisting neurological or cerebrovascu-
lar disease, history of ophthalmological or cerebrovascular
surgery, or a history of brain tumor surgery. Patients were
allocated to the non-obese group or the obese group based
on whether their body mass index was > 30 kg m~2 [12].
No premedications were administered. Standard moni-
toring included electrocardiography, pulse oximetry, non-
invasive arterial pressure measurement, and bispectral index
score. Anesthesia started with intravenous remifentanil
(0.5 pg kg~! min~!) and propofol (1.5 mg kg™!). Tracheal
intubation was performed following achieving neuromus-
cular blockade with rocuronium (0.8 mg kg™!). Anesthesia
was maintained using sevoflurane and a continuous infu-
sion of intravenous remifentanil, targeting a bispectral
index score value between 40 and 60. An arterial line was
placed in the radial artery to monitor invasive arterial pres-
sure. The mechanical ventilator was set to a tidal volume
of 6-8 ml kg~! of predictive body weight with a positive

end-expiratory pressure (PEEP) of 5 cm H,O. Respiratory
rate adjustments were made to maintain end-tidal carbon
dioxide levels around 35 mmHg.

Once the cardiovascular status was stabilized after anes-
thesia induction and before starting surgery, the optic nerve
sheath was evaluated in the supine position using a linear
L12-3 probe (3 —12 MHz) on a CX50 ultrasound system
(Philips Healthcare, Andover, MA, USA). A transparent
film was applied over the closed eyes, and a sterile gel was
applied to the covered upper eyelids. For safety reasons, the
mechanical index was set to 0.23, and the linear probe was
placed on the eyelids without applying any pressure. The
probe was applied in the transverse plane of the eyelid, and
the optic nerve was observed longitudinally behind the orbit
at its widest diameter. ONSD was measured 3 mm behind
the eye globe, as described in previous studies [13, 14]. To
measure ONSD, the width between the external borders of
the hyperechoic area surrounding the optic nerve was deter-
mined (Fig. 1). Ultrasonographic measurements of ONSD
were performed by a single researcher who had previous
experience measuring ONSD in more than 50 cases.

ONSD was assessed at seven time points: T, 4uctions
baseline after induction of anesthesia before artifi-
cial pneumoperitoneum and in the supine position;
TppeumotTren1sm: 19 min after artificial pneumoperito-
neum with CO, insufflation and Trendelenburg position;
T pneumo+Tren3om> 30 min after pneumoperitoneum and Tren-
delenburg position; Tp.umo+Trensom: 60 mMin after pneumo-
peritoneum and Trendelenburg position; Tpegyfrssupioms
10 min after deflation and return to the supine position;
Tpesutt+supsom: 00 min after desufflation and return to the
supine position; and Tpegysry sup2ans 24 h after deflation and
return to the supine position. The patient was angled at 30
degrees in the head-down position during the Trendelen-
burg position. The insufflation pressure was maintained

Fig. 1 Ultrasound measurement of the optic nerve sheath diameter
(ONSD). The probe was applied in the transverse plane on the eyelid,
and the optic nerve was observed longitudinally behind the orbit at its
widest diameter. The ONSD was assessed as the distance between the
external borders of the hyperechoic area surrounding the optic nerve,
3 mm behind the retina

@ Springer



410

Journal of Anesthesia (2025) 39:408-415

at 12 mmHg. At each time point, the right and left ONSDs
were measured twice, and peak inspiratory pressure, mean
arterial pressure, and end-tidal CO, were documented.
Ramosetron (0.5 mg) was intravenously administered
before the end of surgery, and an intravenous patient-con-
trolled analgesia device containing 80 mg of morphine in
100 mL of isotonic normal saline solution was connected
to the patient. Residual neuromuscular block was reversed
using glycopyrrolate and neostigmine. After confirming
full recovery, the trachea was carefully extubated. At 1
and 24 h after surgery, patients were asked if they had
nausea, vomiting, or headaches. Mean arterial pressure
was also recorded. Postoperative pain was assessed daily
using a 100-point numerical rating scale (0: no pain, 100:
worst pain imaginable). The primary outcome was ONSD
at Tppeumo+Trencom: S€condary outcomes were ONSD at
each time point, the occurrence of PONV, and headaches
after surgery.

All statistical analyses were carried out using statisti-
cal software SPSS version 27 (IBM Corp., Armonk, NY,
USA). Continuous variables were tested for normality
using graphical methods, such as histograms and Q—Q
plots, as well as the Shapiro—Wilk test. Data are expressed
as means (standard deviations), or numbers (percentages).
ONSD over time within each group and between the two
groups was analyzed using repeated-measures analysis of
variance. A P-value <0.05 was considered statistically sig-
nificant. If significant differences in ONSD within each
group or an interaction between ONSD and the group
were found in repeated-measures analysis of variance,
we planned to perform a post hoc analysis. To determine
differences in ONSD between Ty, 4,ci0n and other time
points within each group, paired t-tests were conducted,
and the P-value was considered significant at P < 0.008
(0.05/6) to adjust for multiple comparisons. For differ-
ences between the two groups at each time point, an inde-
pendent t-test or Mann—Whitney U test was performed,
and a P-value <0.007 (0.05/7) was considered significant.
Categorical variables were analyzed using chi-square or
Fisher’s exact tests. The Mann—Whitney U test or inde-
pendent t-test was used to evaluate the differences between
the non-obese and obese groups in terms of peak inspira-
tory pressure, mean arterial pressure, and end-tidal CO, at
each time point. A P-value < 0.05 was considered statisti-
cally significant.

The sample size was calculated based on a prelimi-
nary study in 24 patients showing that the mean ONSD
at Tp cumotTrensom Was 4.73 (0.48) mm in the non-obese
group and 5.14 (0.62) mm in the obese group. With a type
I error of 0.05 and a power of 80%, it was calculated that
32 patients would be required per group. Considering a
potential dropout rate of 10%, 35 patients were included

per group.
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Results

Eighty patients were enrolled between August 2020 and
May 2022. Of these, 10 patients were excluded because
they either declined to participate or did not meet the
inclusion criteria. Consequently, 70 patients were assigned
to the two groups based on whether their body mass index
was > 30 kg m~2, including 35 patients in each group. Two
patients were excluded due to missing data; therefore, 68
patients were ultimately included in the final analysis
(Fig. 2). Table 1 shows patient- and surgery-related data
are presented.

The ONSDs during the perioperative period are
shown in Fig. 3. ONSD changed over time in both
groups (P <0.001, respectively). In the non-obese group,
ONSD was significantly increased at Tpp.umotTren5ms
TPneumo+Tren30m’ TPneumo+Tren6Om’ and TDesuff+Sup10m
(P <0.001, respectively) and Tpegfrs supom (P =0.002)
compared to that measured at T}, ,ion and returned to
baseline at Tpegyysupoan (P=0.918). In the obese group,
ONSD was also significantly increased during and after
the release of Trendelenburg positioning and pneumoperi-
toneum (at TPneumo+Tren15m’ TPneum0+Tren30m’ TPneumo+Tren60m’
TDesuff+Sup10m’ and TDesuff+Sup60m) Compared to that at
Tinduction (P <0.001, respectively), but did not return to
baseline even at Tpeqyfry gupoan (P <0.001). There was a sta-
tistically significant interaction between ONSD and group
(P=0.012). The ONSD was significantly higher in the
obese group than in the non-obese group at each time point
[Tinduction: 4-44 (0.39) mm vs. 4.11 (0.39) mm, respec-
tively; P=0.001, Tp cumo+Trentsm: J-14 (0.59) mm vs. 4.64
(0.54) mm, respectively; P <0.001, Tp,cumo+Trenzom: d-33
(0.51) mm vs. 4.85 (0.42) mm, respectively; P <0.001,
Tpneumo+Tren6om: 2-28 (0.53) mm vs. 4.90 (0.49) mm,
respectively; P=0.002, Tpeqyrssupiom: 4-92 (0.48) mm vs.
4.60 (0.35) mm, respectively; P=0.003, Tpeqfssup6om:
4.70 (0.57) mm vs. 4.37 (0.32) mm, respectively;
P <0.001, Tpegypresupoan: 4-60 (0.44) mm vs. 4.12 (0.30)
mm, respectively; P <0.001].

Peak inspiratory pressure, mean arterial pressure, and
end-tidal CO, during the perioperative period are shown
in Fig. 4. No significant differences were observed in
mean arterial pressure and end-tidal CO, between the two
groups at any time point (P> 0.05, respectively). However,
the peak inspiratory pressure was significantly higher in
the obese group than in the non-obese group at each time
point (P <0.001, respectively).

The incidences of PONV and headache after surgery are
shown in Table 2. The incidence of PONYV at 1 h after sur-
gery was significantly higher in the obese group than in the
non-obese group (59% vs. 21%., respectively; P=0.001).
The incidence of PONV at 24 h after surgery was not
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Fig.2 Study flow diagram. Assessed for eligibility (n=80)
ONSD, optic nerve sheath
diameter Excluded (n=10)
| * Not meeting inclusion criteria (n=7)
“| - peciined to participate (n=3)
- Other reasons (n=0)
Allocated (n=70)
A4
Allocated to the non-obese group (n=35) Allocated to the obese group (n=35)
» Received allocation intervention (n=35) » Received allocation intervention (n=35)
« Did not receive allocation intervention (n=0) « Did not receive allocation intervention (n=0)
v
Lost to follow-up measurementof ONSD (n=1) Lost to follow-up measurementof ONSD (n=1)
N
Analyzed (n=34) Analyzed (n=34)
* Excluded from analysis (n=0) « Excluded from analysis (n=0)
Table 1 Patient characteristics Non-obese Obese P_value
and data related to surgery (n=34) ) o =é 4
Age (years) 41 (11) 39 (9) 0.585
Height (m?) 160 (6) 159 (4) 0.332
Weight (kg) 60 (9) 90 (7) <0.001
Body mass index (kg m™?) 24 (3) 36 (2) <0.001
ASA physical status (1/2) 18/16 0/34 <0.001
Infusion rate of remifentanil (pg/kg/min) 0.31 (0.01) 0.30 (0.01) 0.220
Requirement for vasopressors (yes/no) 14/20 17/17 0.465
NRS on the day of surgery 26.1 (13.7) 22.6 (12.0) 0.086
NRS 1 day after surgery 29.4 (7.6) 28.8 (3.2) 0.072
Requirement for rescue medication (yes/no) 10/24 8/26 0.582
Duration of surgery (min) 123 (28) 125 (32) 0.873
Duration of anesthesia (min) 144 (29) 147 (31) 0.853

Data are expressed as means (SD) or as the number of patients

ASA American society of anesthesiologists, NRS numerical rating scale (0: no pain, 100: worst pain imagi-

nable)

different between the obese and non-obese groups (12%
vs. 9%, respectively; P =0.690). There was no significant
difference in the incidence of headaches between the two
groups at 1 and 24 h after surgery (P> 0.05, respectively).

Discussion

This study showed that ONSD was significantly increased
during laparoscopic gynecological surgery in both obese
and non-obese groups and was significantly higher in the

obese group than in the non-obese group when measured
after the induction of anesthesia, during and after the
release of artificial pneumoperitoneum and the Trendelen-
burg position. Furthermore, the increased ONSD during
laparoscopic gynecological surgery returned to baseline
24 h after desufflation and the return to the supine position
in the non-obese group, even so did not return to baseline
even 24 h after desufflation in the obese group. The inci-
dence of PONV 1 h after surgery was notable higher in the
obese group than in the non-obese group. However, the
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Fig.3 The change in optic nerve sheath diameter (ONSD) (mm)
throughout and after surgery. Data are expressed as means. The error
bars represent one SD. Ty .ions Daseline after induction of anesthe-
sia before artificial pneumoperitoneum and in the supine position;
Thpeumo+Trenisms 19 min after artificial pneumoperitoneum with CO,
insufflation and Trendelenburg position; Tp,,mo+Tren3om: 30 min after
pneumoperitoneum and Trendelenburg position; Tp om0t Tren60ms
60 min after pneumoperitoneum and Trendelenburg position;
Tpesuti+suptom, 10 min after deflation and return to the supine position;
Tpesufr+supsom> 60 min after desufflation and return to the supine posi-
tion; Tpegyfrysupaans 24 h after deflation and return to the supine posi-
tion. ¥*P <0.008 vs. Ty, quciion in €ach group, 7P <0.007 vs. non-obese

group

occurrence of PONV 24 h after surgery and postoperative
headaches did not differ based on obesity.

Our findings of a significant increase in ONSD during
laparoscopic gynecological surgery are consistent with
those of previous studies [4, 6, 15]. These studies showed
an increase in ONSD during pneumoperitoneum for laparo-
scopic gynecological surgery, mostly in non-obese patients.
In the present study, we compared ONSD in both obese and
non-obese patients during surgery and up to 24 h after des-
ufflation and found that ONSD was significantly higher in
obese patients than in non-obese patients throughout and
after surgery. ONSD was significantly greater in the obese
group than in the non-obese group from the baseline because
obese patients tend to have higher thoracoabdominal pres-
sure, which may affect ICP, thereby being reflected in ONSD
from the baseline, although it is within the normal range.
Our finding that obese patients had higher ONSD after the
induction of anesthesia and during pneumoperitoneum than
non-obese patients is consistent with the results of a study
comparing the change in ONSD in obese and non-obese
patients who in supine position underwent laparoscopic pro-
cedures [11]. In that study, the ONSD was assessed prior to
pneumoperitoneum, during insufflation at 15 and 30 min,
and immediately after deflation of pneumoperitoneum. The
ONSD was significantly higher in obese patients at each time
point; however, the mean body mass index of all patients
included in that study was described as 30 kg m~2, but the
criteria for obesity and the body mass index of each group
were not clearly described. Furthermore, in that study, the
Trendelenburg position was not applied during laparoscopic
surgery, and the ONSD increased over time and returned to
baseline levels following abdominal deflation. In our study,
the increased ONSD during surgery returned to baseline
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Fig.4 The change in mean arterial pressure, end-tidal CO,, and peak
inspiratory pressure during perioperative period. Data are expressed
as means. The error bars represent one SD. Ty .cion: Daseline after
induction of anesthesia before artificial pneumoperitoneum and in
the supine position; Tpcimo+Trenisms 19 min after artificial pneu-
moperitoneum with CO, insufflation and Trendelenburg position;
Tppeumo+Tren3oms 30 Min after pneumoperitoneum and Trendelenburg
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Table2 The incidences of postoperative nausea and vomiting
(PONV) and headache

Non-obese Obese P-value
(n=34) (n=34)
PONVat1h 721 20 (59) 0.001
PONV at 24 h 309 4(12) 0.690
Headache at 1 h 0(0) 0(0) -
Headache at 24 h 6 (18) 309 0.283

Data are expressed as the number of patients (%)

24 h after surgery in the non-obese group, but not in the
obese group, which is consistent with a previous study show-
ing that the ONSD remained elevated compared to the base-
line value despite CO, desufflation when measured 10 min
after the release of pneumoperitoneum [6]. Most other stud-
ies observed the ONSD before, during, and after pneumo-
peritoneum during surgery, and did not conduct long-term
follow-up [4-7, 11, 15]. To the best of our knowledge, this
is the first study to observe the change in ONSD not only
during surgery but also up to 24 h after desufflation.

Another important issue in interpreting our results is that
the absolute ONSD value of obese patients was already ele-
vated compared to those of non-obese patients at T;4uccion-
Furthermore, the observed increases in ONSD following
their implementation seem to be similar between obese and
non-obese patients. Therefore, some specific factors might
have contributed to the ONSD expansion in obese patients
during the T 4,cion Stage, although we did not evaluate
them. Furthermore, ONSD values in obese patients had not
returned to baseline even by T supoan- It also remains
uncertain whether this outcome is attributable to the effects
of pneumoperitoneum and the Trendelenburg position or to
other factors already present during induction of anesthesia.

In the present study, the incidence of PONV was sig-
nificantly higher in obese patients 1 h after surgery but did
not differ between the two groups 24 h after surgery [16,
17]. The higher incidence of PONV 1 h after surgery might
be due to increased ICP, as indicated by the higher ONSD
following the steep Trendelenburg position and pneumo-
peritoneum in the obese group. It has been reported that
the extent of the increase in ONSD during the procedure is
significantly correlated with PONV and headaches occur-
ring within the first 3 h of recovery [6]. However, our study
was not powered to detect the relationship of ONSD with
PONV; therefore, further studies are needed to validate this
hypothesis.

The ONSD is thought to be correlated with ICP levels,
and the reported cutoff for detecting elevated ICP ranges
from 4.8 to 5.6 mm [13, 18, 19]. Mean baseline ONSD after
the induction of anesthesia was 4.11 mm in the non-obese
group and 4.44 mm in the obese group. However, during

the Trendelenburg position and pneumoperitoneum, the
ONSD significantly increased, with the mean peak ONSD
reaching 5.33 mm at Tp, .m0+ Trenzom 11 the obese group and
4.90 mm at Tpcumo+Tren6om 1D the non-obese group. In the
present study, the obese group had a higher ONSD than
the non-obese group at each time point from the baseline.
Although the change in ONSD from the baseline to each
time point may not be different between the two groups,
we focused on the absolute value of ONSD at each time
point between the two groups because the absolute value of
ONSD rather than the degree of increase in ONSD is more
meaningful to assess increased ICP. The obese group had a
significantly higher ONSD, which may indicate an increased
ICP. Therefore, although pneumoperitoneum and Trende-
lenburg positioning are required to secure the surgical field
during laparoscopic gynecological surgery, excessive insuf-
flation or a steep Trendelenburg position should be avoided
because of the possibility of increased ICP, particularly in
obese patients. Furthermore, low arterial pressure should
be avoided to ensure adequate cerebral perfusion. Higher
airway pressure may also affect ONSD although we did not
evaluate it in this study. Therefore, it is important to suppress
an increase in airway pressure for ICP management in obese
patients, and further studies on the relationship between air-
way pressure affected by obesity and respiratory manage-
ment, and the change of ONSD are required.

Additionally, a difference of less than 1 mm in ONSD
between the two groups might be considered insignificant.
However, the standard for increased ICP is divided in mm,
and even a slight difference in ONSD may reflect increased
ICP; therefore, our results cannot be ignored.

In the present study, a PEEP of 5 cmH,0O was applied
to both groups because PEEP increases intrathoracic pres-
sure. However, obese patients may need higher PEEP to
avoid lung collapse, although an adequate level of PEEP
for obese patients has not been clearly determined [20, 21].
Therefore, if higher PEEP is applied to obese patients dur-
ing gynecological laparoscopic surgery, the ONSD could be
much higher than in non-obese patients.

This study had several limitations. First, the operator
who measured ONSD was not blinded to the time points of
ONSD assessment. Furthermore, the operator evaluated the
ONSD without knowing the patient’s BMI for blindness, but
might notice the obesity status of the patients although he or
she could not accurately determine obesity levels. However,
the operator tried to measure ONSD according to a stand-
ardized study protocol. Second, a single operator assessed
the ONSD, which makes the interpretation of the results
challenging. However, it would minimize inter-observer
variability. Third, the mean body mass index of obese
group in this study was 36 kg m~2, and the results may dif-
fer between obese and morbidly obese patients (body mass
index >40 kg m~2). Fourth, this study was conducted on an
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Asian population. Therefore, our results may not be gener-
alizable to other ethnic groups. Fifth, the baseline ONSD
was assessed after the induction of anesthesia, accord-
ing to previous studies [6, 8, 11, 15], but not in the awake
state before the induction of anesthesia, and the recovery
of ONSD after surgery was evaluated based on baseline
ONSD. Anesthesia may affect ICP. Therefore, if the baseline
ONSD was set before the induction of anesthesia, the time
point of return to baseline ONSD after surgery might differ
from the current results. Finally, the mean operation time,
including pneumoperitoneum and Trendelenburg position-
ing, was approximately 120 min in both groups. According
to a previous study [22], prolonged intracranial hyperten-
sion affects ONSD reversibility. Therefore, if the duration
of pneumoperitoneum and Trendelenburg positioning were
longer or shorter, the timing of recovery to baseline ONSD
might vary.

Conclusions

ONSD significantly increased during laparoscopic gyneco-
logical surgery in both obese and non-obese groups, and
ONSD was significantly higher in the obese group than in
the non-obese group throughout and after surgery. Further-
more, the increased ONSD during pneumoperitoneum and
the Trendelenburg position did not return to baseline, even
24 h after desufflation and the return to the supine position in
the obese group. The higher incidence of PONV at 1 h after
surgery in the obese group may be due to a higher ONSD.
Therefore, excessive and prolonged pneumoperitoneum or
a steep Trendelenburg position should be avoided to prevent
considerable increase in ICP, particularly in obese patients
undergoing laparoscopic gynecological surgery.
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