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ABSTRACT

Aim: To investigate the effect of CO2 pneumoperitoneum at two different pressures (10 mmHg and 15
mmHg) on intracranial pressure (ICP) in ASA I-11-111 risk patients undergoing laparoscopic cholecystectomy
under general anesthesia by measuring changes in optic nerve sheath diameter (ONSD) with ocular
ultrasonography.

Methods: Forty patients between the ages of 18-65, who underwent laparoscopic cholecystectomy under
general anesthesia and at risk of ASA I-11-111, were included the study. Patients in group low-pressure CO2
pneumoperitoneum (Group LP) were scheduled to receive CO2 pneumoperitoneum with a pressure of 10
mmHg, and patients in group high-pressure CO2 pneumoperitoneum (Group HP) with a pressure of 15 mmHog.
Optical nerve sheath diameter measurements were performed different times each groups and the obtained
values were evaluated statistically.

Results: There was not any significant difference between the groups in terms of age, gender, height, weight,
duration of intubation, duration of anesthesia and pneumoperitoneum, using opioids and intravenous fluid.
Group LP showed significant lower ocular ultrasound measurement of OSND compared Group HP within the
T2 and T3 period (p=0.001).

Conclusions: ONSD is an important indicator of the effect of increased intraabdominal pressure on ONSD
and hence ICP. We found that performing low pressure, produces a lesser increase in ONSD, and we think that
this will have less impact on ICP.
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1. Introduction

Laparoscopic surgery is a more powerful
alternative to conventional open surgery because
of its minimally invasive approach and less tissue

trauma. In addition, decreasing the incidence of
postoperative pain and hemorrhage, and early
mobilization of the patient; shortening the length
of hospitalization that leads to minimalize
postoperative morbidity and mortality, are
important advantages [1-3].  However, at
technical standpoint in order to improve the
surgeon's field of view, carbon dioxide
insufflation between the peritoneal leaves is
required, that should be limited to a pressure of
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10-15 mmHg. This leads to changes in
respiratory and cerebrovascular physiology [4,
5].

Carbon dioxide insufflation for laparoscopic
surgery, causes an increase in intraabdominal
pressure and lifts the diaphragm. This leads to
increased thoracic pressure, resulting in
compression of the inferior vena cava and
increased central venous pressure. It has been
reported in the literature that this situation
increases intracranial pressure (ICP) by
increasing cerebral spinal fluid pressure [6, 7]. It
is also known that many physiological side
effects such as decreased venous turnover,
hypercapnia and respiratory acidosis increase
ICP [6-8].

Intracranial pressure >20mmHg, is called
intracranial hypertension. The gold standard for
the measurement of ICP is intraventricular and
intraparenchymal devices [9, 10]. However,
these invasive techniques are not suitable for
practical use because of the risk of serious
complications such as increased risk of infection
and bleeding [10]. On the other hand, ocular
ultrasound measurement of optic nerve sheath
diameter (ONSD) is a noninvasive method that
has been reported to be reliable and accurate
compared to invasive techniques used to
determine ICP increase [9-11].

In the literature, the normal value of the optic
nerve sheath diameter should be less than 4.5 mm
in a healthy person and if the ONSD is more than
5 mm, it reflects over 20 mmHg ICP [9, 12].
Although laparoscopic surgery has been reported
to increase ICP in the literature, there are few
studies evaluating the effect of different
pneumoperitoneum pressures on intracranial
pressure by ultrasonographic optic nerve sheath
diameter measurement.

The aim of this study was to investigate the
effect of CO2 pneumoperitoneum at two
different pressures (10 mmHg and 15 mmHg) on

intracranial pressure (ICP) in ASA I-1I-111 risk
patients undergoing laparoscopic
cholecystectomy under general anesthesia by
measuring changes in optic nerve sheath
diameter (ONSD) with ocular ultrasonography.

2. Materials and methods

For this randomized, controlled study, the
approval of the Bolu Abant Izzet Baysal
University Clinical Research Ethics Committee
was obtained (2018/232). Forty patients between
the ages of 18-65, who underwent laparoscopic
cholecystectomy under general anesthesia and at
risk of ASA I-11-111, were included the study.

People with known eye disease (diabetic
retinopathy, glaucoma, retinal detachment),
history of eye surgery, history of chronic
obstructive pulmonary disease, history of
elevated ICP (pseudotumor cerebri,
hydrocephalus or venticuloperitoneal shunt),
congestive heart failure, intubation time over 30
seconds and BMI1>30 kg/m2 were excluded from
the study. Written informed consent was
obtained from the patients before the study. The
patients included in the study were divided into 2
randomized groups of 20 people in each.

Patients in  the low-pressure  CO2
pneumoperitoneum (Group LP) group received
10 mmHg CO2 pneumoperitoneum, and patients
in the high-pressure CO2 pneumoperitoneum
(Group HP) group received 15 mmHg CO2
pneumoperitoneum.

The patients were taken to the operating room
without premedication. Vascular access was
made with 18G catheter. All patients underwent
ECG monitoring for heart rate, pulse oximetry
(SpO2) for peripheral oxygen saturation, and
blood pressure cuff for noninvasive blood
pressure  (NIBP) monitoring.  Anesthesia
induction was started with 2mg/kg propofol and
2mcg/kg fentanyl. After unconsciousness,
muscle relaxation was achieved with 0.6 mg/kg
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rocuronium and intubated with tracheal tube (7-
7.5) after 3 minutes of ventilation with a mask.
Mechanical ventilation was provided with a tidal
volume of 8-10ml/kg and end-tidal CO2 (etCO2)
values between 35 and 40 mmHg. Anesthesia
was maintained using 1-1.5 minimum alveolar
concentration (MAC) of desflurane in a
50%/50% oxygen/air mixture while monitoring
the end-tidal desflurane concentration. CO2
pneumoperitoneum was applied by using intra-
abdominal pressure (IAP) of 10 mmHg in Group
LP and 15 mmHg in Group HP. Ocular
ultrasound was performed by two researchers
with same experience. Optical nerve sheath
diameter measurements were performed in
supine position before general anesthesia (T0), in
supine position 10 minutes after induction (T1),
in reverse trendelenburg position 10 minutes
after CO2 pneumoperitoneum (T2), in reverse
trendelenburg position 30 minutes after CO2
pneumoperitoneum (T3). Also it was performed
after CO2 pneumoperitoneum termination in
supine position (T4). All the results recorded.

Optical nerve imaging was performed with
Sonosite Brand Plus 180 ultrasound and high
frequency (>7,5 MHz) linear transducer that are
used in our clinic for daily routine. The optic
nerve sheath diameter was measured via
transducer placing the patient in the supine
position and the eyelids closed, with the aid of
gel on the eyelid without applying high pressure.
The optic nerve sheath diameter was measured
on the transverse and sagittal planes, 3mm
behind the optic disc for both eyes and the mean
of four values obtained. Heart rate (HR), SpO2,
mean arterial pressure (MAP), etCO2 and airway
pressures Ppeak and Pplato of the patient were
recorded simultaneously with optic nerve sheath
diameter measurement.

2.1. Statistical Analysis: Gender
distributions between groups were statistically
evaluated by chi-square test. The distributions of

variables were evaluated by Kolmogorov-
Simirnov test. The homogeneous distributions
were evaluated by Independent Slim test and the
non-homogeneous distributions were evaluated
by Mann-Whitney U test. A repeated measures
two-way ANOVA was conducted to see the
effect of time and study group on ONSD. For
multiple comparisons post-hoc Bonferroni’s test
was used. Significance was set at p<0.05 and the
analyses were performed using the Statistical
Package for Social Sciences 25.0 for Windows
(SPSS Inc., Chicago, Illinois, USA).

3. Results

There was not any significant difference
between the groups in terms of age, gender,
height, weight, duration of intubation, duration of
anesthesia and pneumoperitoneum, using
opioids and intravenous(iv) fluid (p>0.05)
(Table 1).

There was no statistically significant
difference between the groups in terms of MAP,
HR, SpO2 in all time points (p>0.05 for all)
(Table 2). There was also no statistically
significant, difference in terms of the EtCO2,
Ppeak, Pplato (p>0.05) (Table 3).

Group LP showed significant lower OSND
compared Group HP within the T2 and T3 period
(p=0.001) (Table 4) (Figure 1). Mean OSND
(mm) was 5.2+0.4 in T2 period and 5.4+0.3 in
T3, and 5.5+0.3 and 5.840.4 in Group 2,
respectively.

Results expressed as the mean + standard
deviation or number (%), TO: In supine position
before general anesthesia; T1: In supine position
10 minutes after induction; T2: In reverse
trandelenburg position 10 minutes after CO2
pneumoperitoneum; T3: In reverse trandelenburg
position 30 minutes after CO2
pneumoperitoneum; T4: It was performed after
CO2 pneumoperitoneum termination in supine
position.
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Table 1. Demographics and clinical characteristics of the patients.

Parameters Group LP Group HP
(low-pressure CO> ( high-pressure CO2 P value
pneumoperitoneum) | pneumoperitoneum)
Number of patients (n) 20 20
Age (yr) 46.8+12.6 52.5+12.4 0.155
Gender 0.591
Male 12 (%60.0) 13 (%65.0)
Female 8 (%40.0) 7 (%35.0)
Weight (kg) 77.2+11.2 86.3+24.5 0.164
Height (cm) 169.5+8.3 164.8+20.7 0.368
ASA status I/11 15/5 17/3 0.140
Duration of Pneumoperitoneum (min) 43.5£16 46+21 0.086
Duration of anaesthesia (min) 67.5+21 72+25 0.693
Duration of Laryngoscopy (sec) 16.3+5.8 15.4+4.9 0.620
Fentanyl consumption (ug) 108.7+£27.2 107.5+24.5 0.879
Crystalloid intake (ml) 9254240 9874343 0.509
Values are expressed as mean (SD) or n (%).
Table 2. Hemodynamic data.
Groups TO T1 T2 T3 T4
HR (beats/min) 86.7+15 85.7+11 86.5+14.5 77.1£13.8 753+ 11.8
GroupLP [ VAP (mmHg) | 109£14 9217 106212 10612 104+15
(10mmHQ) - Feieo, 98.1+1.8 99.1+1.1 908.7+12 | 98515 | 98915
HR (beats/min) 86+13.7 83.6+£13.4 82.5+11.8 81.4+12.2 77.7£10.3
Group HP ' pmAP (mmHg) | 114+19 9213 10715 10711 102:14
(I5mmHQ)  Feieo, 972:2.4 | 98.7+1.4 | 98+2 975621 | 99£1.6
Table 3. Respiratory parameters at each time point.
Groups TO | T1 T2 T3 T4
Peak inspiratory 158428 | 19.743.1 |20+3.8 | 17.4425
pressure (cm H20)
Group LP Plateau pressure (cm H20) 15+£2.8 18+3 18.5+4 16£2.5
(10mmHg) | ETCO2 (kPa) 35.5+1 37.5£1.7 | 37.5+2 36.7+1.6
Peak Inspiratory 18:4.4 | 22431 | 2341 | 18.743.5
pressure (cm H20)
Glr;)up ||:||p Plateau pressure (cm H20) 16.8+3 20+4 21+4.5 17+3
(15mmHg) ETCO2 (kPa) 35.5+1 37.5£2.5 | 3842.3 37+1.8
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Table 4. Changes in optic nerve sheath diameter (ONSD) values.

) ONSD (mm)

Time Group LP (10mmHg) Group HP (15mmHg) P value
T0 4.3+0.2 4.3+0.2 0.681
T1 4.6+0.5 4.5+0.4 0.770
T2 52+0.42 5.5+0.3 0.025
T3 5.4+0.3 2 5.8+0.4 0.004
T4 4.7+0.3 4.8+0.4 0.194

Results expressed as the mean <+ standard deviation or number (%), T0, before induction T1, Immediately after
insertion of the mouth gag T2, just before removal of the mouth gag T3, just before extubation. a : showed
significant differences in changes in ONSD of Group LP and Group HP
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4,5 /

Group LP
Group HP

N

Optic Nerve Sheat Diameter
(mm)

/

T0 T1 T2

T3 T4

Figure 1. Changes in optic nerve sheath diameter (ONSD) values.
Values are expressed as mean (SD). TO, before induction T1, Immediately after insertion of the mouth gag T2,
just before removal of the mouth gag T3, just before extubation. #* : Significantly different when compared

between of Group LP and Group HP (p<0.05).

4. Discussion

In this study, we investigated the effect of two
different pneumoperitoneum pressures (10
mmHg and 15 mmHg) on intracranial pressure
by looking at ultrasound-guided OSND. We
found that pneumoperitoneum caused an increase
in ONSD that did not return to baseline despite
termination of pneumoperitoneum. The highest
ONSD level was observed after 30 minutes of
pneumoperitoneum applied. However, there
were significant time-related differences in

measured by ultrasonography after 10 minutes
and 30 minutes were also less elevated than in
patient who underwent 15mmHg
pneumoperitoneum.

Optic nerve surrounded by subarachnoid
space and duramater. So it has connection with
intracranial subaracnoid space. It has been
reported that the changes in intracranial pressure
will affect ONSD via cerebrospinal fluid that
leads to this area [13].

Many studies in the literature have shown that
ultrasonographic measurement of ONSD is a
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useful and noninvasive method for the detection
of ICP [14-18]. It has also been reported that
ONSD, measured by ultsonography, strongly
correlates with ICP measured by invasive
methods, and is an accurate, simple and rapid
method for detecting rapid changes in ICP [19-
21]. We observed the immediate changes before
and after the operation who underwent
pneumoperitoneum by measuring
ultrasonographic ONSD. As mentioned in the
literature, we evaluated the effect of ICP easily
and noninvasively. In addition, we found that the
difference in ONSD had a significantly longer
effect on ICP at 15 mmHg than at 10 mmHg, 30
minutes after pneumoperitoneum was applied.

It has been shown in the literature that CO2
pneumoperitoneum increases ICP in
laparoscopic surgery, this increase peaks in the
period following CO2 pneumoperitoneum and
decreases after desufflation [17, 18, 22, 23]. In a
meta-analysis, Kim et al [18] found that ONSD
values in the early period (0-30 minutes) and in
the late period (30-120 minutes) after CO2
pneumoperitoneum were significantly higher
than those after anesthesia induction and that
these values returned after CO2 desufflation.

Halverson et al. [24] reported that direct
mechanical effect of CO2 pneumoperitoneum
disrupts lumbar venous plexus drainage by
increasing abdominal pressure, which may
increase ICP independently of other factors. In
addition, it has been reported in the literature that
both intraabdominal and intrathoracic effects of
CO2 pneumoperitoneum increase ICP by
increasing central venous pressure [6-8]. Dip et
al. [6] applied 14 mmHg CO2
pneumoperitoneum in abdominal laparoscopic
surgery and showed that the mean baseline
ONSD increased from 4.7mm to 5.8mm at 30
minutes. In another study, they found that the
mean baseline ONSD increased from 4.8mm to
5.5mm [12].

In the literature, these values are similar in
patients with 15mmHg CO2 pneumoperitoneum.
In our study, we observed that the mean baseline
ONSD was 4.6mm and increased to 5.8mm 30
minutes after 15mmHg CO2 pneumoperitoneum
and all these values were consistent with the
literature.

While there are many studies in the literature
with 15mmHg CO2 pneumoperitoneum in adult
surgery, we have not found a study investigating
changes in ONSD of 10mmHg pressure and
comparing changes in ONSD of both pressures.
In pediatric patients, Min JY et al. investigated
the effects of 10mmHg CO2 pneumoperitoneum
on ONSD and showed that ONSDs with an
average baseline of 4.3mm increased to 4.6mm
at 10 minutes.

In our study, we observed an average increase
of 0.6 mm in ONSD in the group in which we
applied 10 mmHg low pressure in our 10 minute
measurement, while we observed an increase of
1mm in the group in which we applied 15 mmHg
pressure. This is an important indicator of the
effect of increased intraabdominal pressure on
ONSD and hence ICP. We found that performing
low pressure, produces a lesser increase in
ONSD, and we think that this will have less

impact on ICP.
4.1. Conclusion
As a result, 15mmHg COo2

pneumoperitoneum resulted in a higher increase
in ONSD measured by ultrasound, than those
applied 10mmHg. However, considering the
increase in ONSD, even 10mmHg CO2
pneumoperitoneum  may increase  ICP.
Therefore, although this pressure increase is
probably insignificant in healthy people,
10mmHg insufflation pressure should be used in
patients with intracranial pathology or at
increased risk of ICP and attention should be paid
to increased intracranial pressure.

208



Demirhan et al. / Exp Biomed Res / 2025; 8(3):203-210

Funding: The authors received no financial
support for the research, authorship, and/or
publication of this article.

Conflict of Interest: The authors declared no
conflict of interest.

Ethical Statement: This clinical research
approved by Bolu Abant lzzet Baysal University
Clinical Researches Ethics Committee in
17/12/2018 with 361 number.

Open Access Statement

Experimental Biomedical Research is an open
access journal and all content is freely available
without charge to the user or his/her institution.
This journal is licensed under a Creative
Commons Attribution 4.0 International License.
Users are allowed to read, download, copy,
distribute, print, search, or link to the full texts of
the articles, or use them for any other lawful
purpose, without asking prior permission from
the publisher or the author.

Copyright (c) 2025: Author (s).

References

[1]Shin S, Bai SJ, Rha KH et al. The effects of
combined epidural and general anesthesia on
the autonomic nervous system and
bioavailability of nitric oxide in patients
undergoing laparoscopic pelvic surgery. Surg
Endosc. 2013; 27(3):918-926.

[2]Hill SJ, Koontz CS, Langness SM, et al.
Laparoscopic versus open reduction of
intussusception in children: experience over a
decade. J Laparoendosc Adv Surg Tech A.
2013; 23(2):166-169.

[3]Gonzalez R, Smith CD, McClusky DA et al.
Laparoscopic approach reduces likelihood of
perioperative complications in patients
undergoing adrenalectomy. The Am Surg.
2004; 70(8):668.

[4]Robba C, Cardim D, Donnelly J, et al. Effects
of pneumoperitoneum and Trendelenburg
position on intracranial pressure assessed
using different non-invasive methods. Br J
Anaesth. 2016; 117(6):783-791.

[5]Bannister CF, Brosius KK, Wulkan M. The
effect of insufflation pressure on pulmonary
mechanics in infants during laparoscopic
surgical procedures. Pediatr Anesth. 2003;
13(9):785-7809.

[6]Dip F, Nguyen D, Sasson M, et al. The
relationship between intracranial pressure and
obesity: an ultrasonographic evaluation of the
optic nerve. Surg Endosc. 2016; 30(6):2321-
2325.

[7]1Bloomfield GL, Ridings PC, Blocher CR, et
al. A proposed relationship between increased
intra-abdominal, intrathoracic, and
intracranial pressure. Crit Care Med. 1997;
25(3):496-503.

[8]Ben-Haim M, Mandeli J, Friedman RL, et al.
Mechanisms of systemic hypertension during
acute elevation of intraabdominal pressure. J
Surg Res. 2000; 91(2):101-105.

[9]Kimberly HH, Shah S, Marill K, et al.
Correlation of optic nerve sheath diameter
with direct measurement of intracranial
pressure. Acad Emerg Med. 2008; 15(2):201-
204.

[10] Geeraerts T, Merceron S, Benhamou D, Vigué
B, et al. Noninvasive assessment of
intracranial pressure using ocular sonography
in neurocritical care patients. Critical Care.
2008; 12(2):P117.

[11]Dubourg J, Javouhey E, Geeraerts T, et al.
Ultrasonography of optic nerve sheath
diameter for detection of raised intracranial
pressure: a systematic review and meta-
analysis. Intensive Care Med 2011,
37(7):1059-1068.

[12] Dip F, Nguyen D, Rosales A, et al. Impact of
controlled intraabdominal pressure on the

209


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Demirhan et al. / Exp Biomed Res / 2025; 8(3):203-210

optic nerve sheath diameter during
laparoscopic procedures. Surg Endosc. 2016;
30(1):44-49.

[13]Helmke K, Hansen H. Fundamentals of
transorbital sonographic evaluation of optic
nerve sheath expansion under intracranial
hypertension.  Pediatr ~ Radiol.  1996;
26(10):701-705.

[14]Dubost C, Le Gouez A, Jouffroy V, et al.
Optic Nerve Sheath Diameter Used as
Ultrasonographic ~ Assessment  of  the
Incidence of Raised Intracranial Pressure in
Preeclampsia: A Pilot Study. Anesthesiology.
2012; 116(5):1066-1071.

[15]Lee B, Koo BN, Choi YS, et al. Effect of
caudal block using different volumes of local
anaesthetic on optic nerve sheath diameter in
children: a prospective, randomized trial. Br
J Anaesth. 2017; 118(5):781-787.

[16] Verdonck P, Kalmar AF, Suy K.et al.Optic
nerve sheath diameter remains constant
during robot assisted laparoscopic radical
prostatectomy. PloS One. 2014;
9(11):el111916.

[17]Min JY, Lee JR, Oh JT et al.Ultrasonographic
assessment of optic nerve sheath diameter
during pediatric laparoscopy. Ultrasound
Medicine Biol. 2015; 41(5):1241-1246.

[18]Kim EJ, Koo BN, Choi SH, et al.
Ultrasonographic optic nerve sheath diameter
for predicting elevated intracranial pressure
during laparoscopic surgery: a systematic
review and meta-analysis. Surg Endosc. 2018;
32(1):175-182.

[19] Padayachy LC, Padayachy V, Galal U, et al.
The relationship  between transorbital
ultrasound measurement of the optic nerve
sheath diameter (ONSD) and invasively
measured ICP in children. Child's Nerv Syst.
2016; 32(10):1769-1778.

[20]Wang J, Li K, Li H, et al. Ultrasonographic
optic nerve sheath diameter correlation with

ICP and accuracy as a tool for noninvasive
surrogate ICP measurement in patients with
decompressive craniotomy. J Neurosurg.
2019, 1(AOP):1-7.

[21]Maissan IM, Dirven PJ, Haitsma IK, et al.
Ultrasonographic measured optic nerve sheath
diameter as an accurate and quick monitor for
changes in intracranial pressure. J Neurosurg.
2015; 123(3):743-747.

[22] Colombo R, Agarossi A, Borghi B, et al. The
effect of prolonged steep head-down
laparoscopy on the optical nerve sheath
diameter. J Clin Monit Comput. 2019:1-8.

[23]You AH, Song Y, Kim DH, et al. Effects of
positive  end-expiratory ~ pressure  on
intraocular pressure and optic nerve sheath
diameter in robot-assisted laparoscopic
radical prostatectomy: A randomized, clinical
trial. Medicine 2019, 98(14).

[24]Halverson A, Buchanan R, Jacobs L, et al.
Evaluation of mechanism of increased
intracranial pressure with insufflation. Surg
Endosc. 1998; 12(3):266-269.

210



