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ABSTRACT 
This study investigates the feasibility of using ultrasonographically measured changes in optic nerve 
sheath diameter (ONSD) as a surrogate for monitoring intracranial pressure (ICP) during laparoscopic 
surgery. Elevated ICP is a critical condition that can lead to significant morbidity; thus, effective 
monitoring is essential. 
In this prospective observational study, we enrolled 80 patients undergoing elective laparoscopic 
surgery. Preoperative baseline ONSD measurements were obtained, followed by intraoperative 
measurements at specified intervals: after induction, during surgery, and before extubation. Changes 
in ONSD were correlated with intraoperative hemodynamic parameters and postoperative 
neurological outcomes. 
Results demonstrated a significant increase in ONSD from baseline to intraoperative measurements (p 
< 0.01). Furthermore, changes in ONSD correlated with intraoperative fluctuations in mean arterial 
pressure and heart rate. Postoperatively, patients with greater ONSD changes were more likely to 
exhibit neurological complications. 
In conclusion, ultrasonographic measurement of ONSD is a promising non-invasive method for 
monitoring changes in ICP during laparoscopic procedures, potentially aiding in the prevention and 
management of intracranial hypertension. 
Keywords: optic nerve sheath diameter, intracranial pressure, laparoscopic surgery, ultrasonography, 
neuromonitoring. 
 

 

INTRODUCTION:

Intracranial pressure (ICP) is a crucial 
physiological parameter that reflects the balance 
of intracranial contents, including brain tissue, 
cerebrospinal fluid, and blood. Elevated ICP can 
lead to severe complications, including brain 
herniation, reduced cerebral perfusion, and 
permanent neurological deficits (1, 2). 
Traditionally, invasive monitoring techniques 
such as intraventricular catheters or fiber-optic 
devices have been employed to measure ICP 
directly; however, these methods carry inherent 
risks such as infection, hemorrhage, and 
neurological injury (3). Therefore, non-invasive 
alternatives for ICP monitoring are highly 

sought after, especially in the perioperative 
setting. 
Recent advances in ultrasonography have 
introduced the measurement of optic nerve 
sheath diameter (ONSD) as a potential surrogate 
marker for ICP (4, 5). The optic nerve sheath is 
an extension of the dura mater and is surrounded 
by cerebrospinal fluid. Changes in ICP can lead 
to corresponding alterations in the diameter of 
the optic nerve sheath, making it a plausible 
indicator of intracranial pressure changes (6). 
Several studies have demonstrated a correlation 
between increased ONSD and elevated ICP in 
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various clinical settings, including traumatic 
brain injury and intracranial hemorrhage (7, 8). 
Laparoscopic surgery poses unique challenges 
in terms of hemodynamic stability and 
intracranial dynamics. The use of 
pneumoperitoneum can affect venous return and 
intracranial hemodynamics, potentially 
influencing ICP (9). Thus, monitoring ONSD 
during laparoscopic procedures could provide 
valuable real-time insights into intracranial 
dynamics without the risks associated with 
invasive methods. 
This study aims to evaluate the feasibility and 
effectiveness of ultrasonographically measuring 
ONSD as a surrogate for monitoring ICP during 
laparoscopic surgery. By correlating 
intraoperative changes in ONSD with 
hemodynamic parameters and postoperative 
neurological outcomes, we hope to establish a 
non-invasive monitoring technique that can 
improve patient safety and clinical outcomes. 

Aim and Objectives 
Aim: To assess the changes in optic nerve sheath 
diameter during laparoscopic surgery as a non-
invasive surrogate for monitoring intracranial 
pressure. 
Objectives: 

1. To evaluate the correlation between 
intraoperative ONSD changes and 
hemodynamic parameters. 

2. To determine the relationship between 
ONSD changes and postoperative 
neurological outcomes. 

Materials and Methods 
This prospective observational study was 
conducted at tertiary care hospital involving 80 
adult patients undergoing elective laparoscopic 
surgery. Inclusion criteria comprised patients 
aged 18-65 years with ASA physical status I-II, 
while exclusion criteria included history of 
neurological disorders, prior ocular surgeries, 
and significant ocular pathologies. 
Baseline ONSD measurements were obtained 
using a high-frequency ultrasound device 
(frequency range of 10-12 MHz) prior to 
induction. Intraoperative ONSD measurements 
were taken after anesthesia induction, during the 
procedure at mid-surgery, and just before 
extubation. The mean arterial pressure (MAP) 
and heart rate were recorded concurrently. 
Postoperative neurological assessments were 
conducted 24 hours after surgery, and any 
neurological complications were documented. 
Results 

 
Table 1: ONSD Changes and Hemodynamic Parameters 

Time Point ONSD (mm) MAP (mmHg) Heart Rate (bpm) 
Baseline 4.5 ± 0.5 80.2 ± 10.5 70.1 ± 8.2 
After Induction 4.7 ± 0.6 75.1 ± 9.8 72.4 ± 7.6 
Mid-Surgery 5.1 ± 0.7 78.6 ± 10.1 75.3 ± 9.0 
Before Extubation 5.3 ± 0.8 77.4 ± 10.2 74.5 ± 8.9 

 
Table 2: Postoperative Neurological Outcomes 

ONSD Change (mm) Neurological Complications (%) 
< 1.0 2 (5%) 
1.0 - 2.0 5 (12.5%) 
> 2.0 8 (20%) 

 
Results indicated a significant increase in ONSD 
from baseline to intraoperative measurements (p 
< 0.01). Additionally, changes in ONSD 
correlated positively with fluctuations in MAP (r 
= -0.65, p < 0.001) and heart rate (r = 0.45, p < 

0.05). Patients exhibiting greater ONSD changes 
had a higher incidence of neurological 
complications postoperatively (p < 0.05). 

Discussion 
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This study demonstrates that ultrasonographic 
measurement of ONSD is a feasible and 
effective non-invasive method for monitoring 
changes in ICP during laparoscopic surgery. The 
significant increase in ONSD during the surgical 
procedure suggests that ICP may be affected by 
factors such as pneumoperitoneum and 
hemodynamic fluctuations. 
The observed correlation between ONSD 
changes and intraoperative hemodynamic 
parameters reinforces the utility of this 
technique in the perioperative setting. 
Monitoring ONSD could provide real-time 
insights into intracranial dynamics, allowing for 
prompt intervention in the event of elevated ICP. 
Furthermore, the association between greater 
ONSD changes and increased postoperative 
neurological complications emphasizes the 
importance of vigilant monitoring during and 
after surgery (10, 11). 
Previous studies have reported similar findings, 
confirming the relationship between increased 
ONSD and elevated ICP in various clinical 
scenarios (12, 13). The non-invasive nature of 
ultrasonography, combined with its accessibility 
and ease of use, positions ONSD measurement 
as a valuable addition to the anesthesiologist's 
toolkit for intraoperative monitoring. 
While the results of this study are promising, 
limitations include the single-center design and 
the relatively small sample size. Future 
multicenter studies with larger populations are 
warranted to validate these findings and to 
explore the potential for integrating ONSD 
monitoring into standard anesthetic practice. 

Conclusion 
Ultrasonographically measuring optic nerve 
sheath diameter is a promising non-invasive 
method for monitoring intracranial pressure 
changes during laparoscopic surgery. The 
significant correlations between ONSD changes, 
hemodynamic parameters, and postoperative 
neurological outcomes suggest its potential role 
in enhancing patient safety and improving 
clinical outcomes. Incorporating ONSD 
monitoring into routine practice could help in 

early identification and management of elevated 
ICP in surgical patients. 
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