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Abstract

Background: Low pressure laparoscopic cholecystectomy has been advocated due to reduction in postoperative pain, ventilation
problems, hemodynamic complications, and potential for reduction in surgical events. No reported data have been found focusing on
the effects of low-pressure laparoscopic cholecystectomy on intracranial pressure (ICP). The aim of this study was to investigate the
effect of low-pressure laparoscopic cholecystectomy on intracranial pressure measured by optic nerve sheath diameter (ONSD) in
Imam Hossein Medical Center, Tehran, Iran.

Methods: The patients classified as American Society of Anesthesiologists physical status I or II undergoing elective laparoscopic
cholecystectomy due to benign gallbladder disease were randomly assigned to low-pressure laparoscopy (LPL) group or normal
pressure laparoscopy group (NPL). ONSD was measured at 3 different times: (1) before induction of anesthesia; (2) after initiation of
gas insuftlation; and (3) after the termination of gas insufflation. The collected data were entered into SP'SS software (V 24). Data were
demonstrated with frequency (percentage) or mean + standard deviation. We used the Mann-Whitney test to compare the means of
continuous variables. The Friedman test was used to compare the mean of variables over time in each of the 2 groups. The significance
level in all analyses was considered at <0.05.

Results: ONSD after the termination of gas insufflation was significantly lower in the LPL group with the mean of 4.97+0.83 mm
than the NPL group with the mean of 5.62+1.32 mm (p=0.018). ONSD before induction of anesthesia or immediately after gas
insuftlation did not differ significantly between LPL and NPL groups. Duration of anesthesia and surgery, mean arterial pressure, the
total dose of propofol (p=0.600), and fentanyl (p=0.201) did not show significant differences between the 2 groups.

Conclusion: ONSD was lower with low-pressure laparoscopic cholecystectomy after the termination of gas insufflation, which
emphasized the neural protective effect of low intraperitoneal pressure. Further studies are needed to evaluate this diagnostic tool in
different populations, especially in patients with increased ICP undergoing laparoscopic interventions.
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Introduction
Elevated intracranial pressure (ICP) is a source of com-
plications in the perioperative period. Therefore, maintain-

ing ICP in the physiologic range could overcome some
complications (1). Clinical signs and symptoms are often
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such as better postoperative outcomes in comparison with normal
pressure laparoscopic cholecystectomy. The effect of low-pressure
laparoscopy on the intracranial pressure by measuring the optic
nerve sheath diameter (ONSD) is a novel issue.

— What this article adds:

This study showed that ONSD' in low-pressure laparoscopic
cholecystectomy was lower than normal pressure cases, which
emphasized the neural protective effect of low intraperitoneal
pressure during laparoscopic cholecystectomy.
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presented late and general anesthesia could mask its
presentations. Noninvasive methods to monitor ICP re-
duce risks of complications (2). Several methods have
been proposed to measure ICP. The standard method is
intracranial catheter but this modality is invasive and has
some contraindications, such as coagulopathy or thrombo-
cytopenia, and needs neurosurgical expertise (3). There-
fore, other noninvasive methods have been proposed, in-
cluding computed tomography scan of the head, ophthal-
moscopy, and transcranial doppler (3), which have some
limitations for performing in the operating room.

Anatomically, the optic nerve sheath (ONS) diameter
can be estimated by measuring the outer diameter of the
subarachnoid space (4). Hence, elevated ICP is transmit-
ted to optic nerve sheath, which could be measured by
ultrasonography (5). The optic nerve sheath diameter
(ONSD), which is measured at a fixed distance behind
retina is being used to evaluate ICP in patients with trau-
matic brain injuries (1). This method does not have any
adverse effect, but, theoretically, excessive pressure could
cause orbital damage. Therefore, the examination should
be as short-run as possible (1, 2, 6). In previous studies,
the role of ONSD has been described as a noninvasive
method to measure ICP in patients with different patho-
logic features (3, 7-10).

On the other hand, one of the first steps in laparoscopic
cholecystectomy is to insufflate pneumoperitoneum using
carbon dioxide. Traditionally this insufflation causes a
pressure between 12 to 16 mmHg in peritoneum (11). The
elevated intraabdominal pressure can increase the absorp-
tion of carbon dioxide and cause the respiratory acidosis.
Also, the diaphragm moves upward, decreasing pulmo-
nary compliance and increasing the airway pressure. It
can compress splanchnic vasculature, causing the in-
creased venous return. Another impact would be an in-
crease in systemic and pulmonary vascular resistance (11).
The increased intraabdominal pressure can also elevate the
intracranial pressure. Intrathoracic pressure could be a
mediator for the aforementioned effect (12). Animal stud-
ies showed that low abdominal pressure did not cause
changes in ICP. In contrast, the standard laparoscopic
pressure induces a significant increase in intracranial pres-
sure (12).

To overcome these problems, low-pressure laparoscopic
techniques are suggested as an alternative to conventional
laparoscopies (11). Although these new techniques limit
the cardiovascular changes, which were mentioned above,
it could limit the surgeon's view of the organs (11). On the
other hand, it has been proposed that the lack of sight
could be overcomed by deep neuromuscular blockage
(13). Moreover, low-pressure laparoscopies could reduce
the time of surgery, postoperative pain, and surgical com-
plications, including herniation and adhesion formation
(13, 14) that result in the better postoperative healing (13).

In this study we investigated the effect of low-pressure
laparoscopic cholecystectomy on the intracranial pressure.
In order to measure ICP, we used the optic disk ultraso-
nography technic by an expert anesthesiologist.

Methods

This randomized clinical trial was performed on 60 pa-
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tients who were candidates for laparoscopic cholecystec-
tomy under general anesthesia in Imam Hossein hospital
in Tehran, Iran, from January 2019 to July 2020.

This study has been approved by the ethics committee
of Shahid Beheshti University of Medical Sciences under
the code of: IR.SBMU.MSP.REC.1396.97 and informed
consent was taken from every patient.

Study Participants

Using the sample volume formula in comparison be-
tween the 2 groups, at 95% CI, with the test power of
80%, and taking into account the results of previous stud-
ies based on ONSD SD in the 2 groups equal to 0.03 and
0.06, respectively, and the mean difference of ONSD as
0.041, the sample size in each group was calculated as 30
people in each group (N = 60) who were selected by sim-
ple random sampling.

The inclusion criteria were age 20-60 years, ASA class |
or II, and laparoscopic cholecystectomy. Patients with a
history of glaucoma, corneal disease, eye surgery, cere-
brovascular diseases, any type of neurological diseases,
chronic kidney diseases, and cirrhosis with ascites were
excluded from the study. Patients should not have allergy
to any medication used for standard general anesthesia or
the current use of analgesics or psychoactive drugs. Also,
patients without any neurologic or ophthalmic disease
were included in this study. The exclusion criteria were
the time of surgery more than 2 hours or the change in the
surgical plan to open cholecystectomy (Fig. 1).

Study Protocol

After obtaining the code of ethics from the ethics com-
mittee of Shahid Beheshti University of Medical Sciences,
Tehran, Iran, and obtaining written consent from eligible
patients, they were divided into 2 groups of low-pressure
laparoscopy (LPL) and normal-pressure laparoscopy
(NPL) pressure using the computer-generated random
number technique. All patients had general anesthesia
under the volume control mode as the tidal volume was
adjusted 6-8cc/kg, respiratory rate =11-12/min, I/E: %,
and peak pressure = 30 CmH,0O. Moreover, the end tidal
co2 was maintained between 25 to 30 cmH,0.

All the monitors that displayed the information of intra-
abdominal pressure were covered for the anesthesiologist,
surgeons, and the research physician before arrival at the
operating room. The surgery nurse installed the pneu-
moperitoneum insufflation pressure at 6 to 8 mmHg (LPL)
or 12 to 14 mmHg (NPL).

Ocular ultrasounds were performed using the Sonosite
S-Nerve (SonoSite Inc) machine with a 5-10 MHz linear
probe. An expert anesthesiologist who had been trained by
a radiologist for performing ocular ultrasound exams and
was unaware of the intraperitoneal gas pressure performed
all scans in supine position. These scans were conducted
on a closed eyelid using a plentiful amount of conductive
gel. To get an axial cross-sectional image of the optic
nerve entering the fundus, a linear probe was applied. The
technician positioned the globe superiorly and inferiorly to
make it easier to examine the nerve's margins. The ONSD
was measured 3 times for every eye and the mean of 6
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Assessed for eligibility (n=60)
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Due to inadequate surgical view

A 4
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Analysed (n=28)

Analysed (n=28)

Fig. 1. CONSORT flowchart

measurements was documented. The patients were warned
to avoid artifacts so they could look straightly ahead and
ensure that the visual axis was centered with the optic
nerve perpendicular to the fundus, as the only images with
centered optic nerve and clear optic sheath margins were
acceptable. This measurement was performed in 3 differ-
ent time points. The first was measured while the patient
entered the operating room and before prescribing pre-
medication. The second was measured 1 minute after the
initiation of gas insufflation for laparoscopy. The third
was measured 1 minute after the termination of gas insuf-
flation.

All surgical procedures were performed under general
anesthesia with full monitoring in place (ECG, NIBP,
Pulse oximetry, Capnography, BIS) by midazolam 1 mg,
Fentanyl 2 pgr/kg, lidocaine 40 mg, propofol 2 mg/kg,
and atracurium 0.6 mg/kg. General anesthesia was main-
tained by propofol 150 pgr/kg/min, atracurium 0.15
mg/kg every half an hour and fentanyl 1 pgr/kg every 30
minutes. Propofol infusion was titrated for maintaining the
BIS between 40 and 60. Hemodynamic parameters (mean
arterial pressure [MAP] and heart rate [HR]) were record-
ed every 5 min. The total dose of propofol as maintenance
medication was documented. Ventilator set up was the
same in both groups. Pain management was done by pa-
tient-controlled analgesia with morphine sulfate (bolus 1
mg, lock-out 6 minutes) and acetaminophen (total 3000
mg daily), which was installed and maintained by acute
pain service of our organization.

The head of the study team who was an anesthesiology
faculty member generated the random allocation sequence
and assigned participants to interventions. All participants

were enrolled in our study by a fixed anesthesiogy resi-
dent who was warking in the operating room. All patients
and the other anesthesiologist who measured the ONSD
were unaware of the intraperitoneal gas pressure. The dose
of anesthetics and analgesics were adjusted by the third
anesthesiogist according to the BIS score and the hemo-
dynamic parameters. The PONV were assessed in postan-
esthesia care unit by a fixed trained anesthesiology resi-
dent who did not have any information about the
proedure.

Statistical Analysis

Finally, the collected data were entered into SPSS soft-
ware (V 24). Data were demonstrated using frequency
(percentage) or mean + SD, as inferential statistics, re-
spectively. The chi square test was used to compare fre-
quency distribution of sex between the 2 groups. To com-
pare the mean of age, weight, body mass index (BMI),
duration of surgery, systolic blood pressure (SBP), diastol-
ic blood pressure (DBP), and mean blood pressure (MAP)
between the 2 groups, an independent t test was used. Al-
so, according to the results of the Shapiro-Wilk test, indi-
cating a nonnormal distribution of variables, we used the
Mann-Whitney test to compare the means of continuous
variables between the 2 groups. The Friedman test was
used to compare the mean of variables over time in each
of the 2 groups. Significance level in all analyses was con-
sidered as < 0.05.

Results
In the present study, from 28 patients in the LPL group,
there were 16 women (57.1%) and 12 men (42.9%), with a
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mean age of 49.32+10.2 years; and form 28 patients in the
NPL group there were 15 women (53.6%) and 13 men,
with a mean age of 50.67+12.1 years. In addition, there
was no significant difference between the 2 groups in
terms of age (p=0.653), sex (p=0.718), weight (p=0.422),
BMI (p=0.254), systolic blood pressure (p=0.074), diastol-
ic (p=0.212), mean arterial (p=0.060), and duration of
surgery (p=0.668) (Table 1).

The ONSD did not differ between the 2 groups before
induction and immediately (1 min) after gas insufflation
(p=0.148 and 0.071, respectively). However, this parame-
ter in the NPL group was significantly higher than that in
the LPL group (LPL group: 4.97+0.83 vs NPL group:
5.62+1.32; p=0.018). On the other hand, according to the
Friedman test, the increase in ONSD during the interven-
tion was not significant in each of the groups (p>0.05)
(Table 2).

The total dose of propofol (p=0.600) and fentanyl
(p=0.201) as maintenance drugs did not have significant
difference between the 2 groups as illustrated by Table 3.

Discussion

The present study revealed that low-pressure laparo-
scopic cholecystectomy prevented the rise of ONSD at the
end of gas insufflation. As described earlier, the ONSD is
directly related to the ICP. Therefore, we can theorize that
ICP may increase in laparoscopic procedures using intra-
abdominal pressure of 12 mmHg or more. As the mean
duration of surgery (from the gas insufflation until gas
desufflation) was around 30 minutes, this effect needed

Table |. Demographic and Clinical Characteristics of the Study Patients

time to take effect. This is inconsistent with our finding
that immediately after gas insufflation the ONSD did not
differ between and within the 2 groups.

Laparoscopy has been introduced as a mean to decrease
surgical stress responses in patients, hence, this approach
could have its own complications. Elevated ICP due to
increased intra-abdominal pressure may end to cerebral
edema by creating temporary neurological dysfunction
that patients often experience at the emergence time from
prolonged laparoscopic operations, particularly those cas-
es who require long periods of Trendelenburg position.
(15) These types of complications had not been seen with
conventional open cholecystectomy. Therefore, to investi-
gate this theory, we enrolled patients with ASA class I and
IT undergoing laparoscopic cholecystectomy to investigate
its effect on ICP.

Low-pressure laparoscopic intervention has been re-
viewed to decrease surgery time, postoperative pain, ven-
tilation and hemodynamic problems, and improving post-
operative healing (13). However, to the best of our
knowledge, its effect on ICP and cerebral perfusion pres-
sure (CPP) has not been completely studied yet. It could
be theorized that laparoscopic intervention increases ICP
with a Valsalva-like phenomenon, which cause engorge-
ment of cerebral vasculature. This effect would cause de-
terioration of CPP in high-risk patients, and therefore may
create cerebral ischemia (16). Kamine et al investigated
that intracranial pressure significantly increases during
abdominal insufflation and this effect correlates with lapa-
roscopic insufflation pressure. They concluded that maxi-

Characteristics LPL Group (n = 28) NPL Group (n = 28) P Value

Age (y) 4932 +10.2 50.67 £ 12.1 0.653"

Sex

Female 16 (57.1) 15 (53.6)
Male 12 (42.9) 13 (46.4) 0.718"

Weight, kg 63.2+9.6 65.1+7.9 0.422"

BMI, kg/m? 23.03+4.10 24.33+4.33 0.254"

Duration of surgery, min 32.5+£82 31.6£74 0.668""

SBP, mmHg 129.25 +35.12 126.36+30.31 0.074"

DBP, mmHg 82.32+5.25 84.11+ 5.36 0.212

MAP, mmHg 101.40+ 6.36 104.70+ 6.51 0.060""

Data presented as mean + SD or NO (%).

T Used a chi square test.

Tt Used an independent sample t test.

Table 2. ONSD Measurement

ONSD, mm LPL Group NPL Group P Value'

Before induction 4.91+0.42 5.10+£0.66 0.148
(4.5-5.00) (4.7-5.05)

1 minute after gas insufflation 4.92+0.50 5.20+0.71 0.071
(4.6-5.08) (4.7-5.00)

After gas termination 4.97+0.83 5.62+1.32 0.018
(4.6-5.10) (4.8-5.15)

P value'f 0.148 0.791

Data are shown as mean + SD and median (IQR).

T Used the Mann-Whitney test.

11 Used the Friedman test.

Table 3. Differences in Maintenance Drugs

Variables LPL Group NPL Group P Value'

Total Propofol Dosage, mg 193.92+31.13 198.54+37.91 0.600

Total Fentanyl Dosage, pug 205.34+31.43 225.00+85.54 0.201

Data are shown as mean + SD.
T Used of Mann-Whitney test.
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mum ICP measured was a potentially dangerous 25
CmH20. Laparoscopy should be applied cautiously in the
patients by a baseline rise of ICP or head trauma (16). We
believed that by using low-pressure laparoscopic proce-
dure we could decrease the effect of intra-abdominal pres-
sure on ICP.

In their study, Ilhan et al measured intraocular pressure
binocularly in patients under laparoscopic procedures at 3
different times of pre, intra, and postoperation using a
contact tonometer. They determined that when intra-
abdominal pressure was >12 mmHg, it was increased, and
that intraocular pressure measurement could be a suitable
methodology for estimating intra-abdominal pressure (17).
Our study was similar to Eun et al study, as we focused on
ocular parameters in laparoscopic procedures but the dif-
ference was that we assessed the nerve sheath diameter as
an indicator of the intracranial pressure and they measured
the ocular pressure as an indicator of intra-abdominal
pressure. The role of the ONSD measurement in the rise
of ICP during laparoscopic procedures have been empha-
sized in some studies (18-20), however, to the best of our
knowledge, our study on the low-pressure versus normal
pressure pneumoperitoneum in the laparoscopic surgeries
is a novel survey, which has not been assessed yet.

One of the limitations of our study was small sample
size and data distribution was not normal. However, given
this point, these results may not be generalizable to the
community, however, there is a need for further studies
with a larger sample size. However, pneumoperitoneum is
also undesirable in patients with increased ICP (tumor,
hydrocephalus, and head trauma), hypovolemia, ventricu-
loperitoneal shunts, and peritoneogenetic shunt. There-
fore, increasing the sample size in these studies is very
difficult. Presenting the results of this study at a smaller
levl may encourage researchers to perform a similar study
in a larger sample size in the future.

Finally, we propose that additional studies be conducted
to determine the effect of time and position on the ONSD
in patients undergoing protracted laparoscopic procedures
with low and standard pneumoperitoneum pressures, par-
ticularly in the steep Trendelenburg position. Such inves-
tigations can help to decrease the probable intra- and post-
operative complications caused by the rise of ICP in lapa-
roscopic procedures and improve patient safety during
these types of operations.

Conclusion

Based on the relationship between ONSD and intracra-
nial pressure, we speculate that using low pneumoperito-
neal pressure during laparoscopic procedures will reduce
the likelihood of ICP rise and, as a result, the risk of relat-
ed complications will be lower than with standard pneu-
moperitoneal laparoscopic procedures. However, addi-
tional research is needed in the future.
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