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Abstract: Background: Ultrasonographic measurement of the optic nerve sheath diameter (ONSD) is helpful
in the assessment of intracranial pressure. The aim of this study was to determine whether the Trendelenburg
position during laparoscopic urological surgery changed the ONSD and whether changes correlated with
postoperative complications. Methods: In this prospective study, we measured ONSD before patients were
placed in the Trendelenburg position. Then the Trendelenburg position was established by tilting the operating
table to 20-25 degrees. After surgery, the patients were placed in a horizontal position, and the second
measurement of ONSD was obtained. Results: The study included 69 patients. The average preoperative ONSD
in the right eye was 5.8 + 0.7 mm and 5.8 + 0.8 mm in the left eye. The average postoperative ONSD in the right
eye was 6.6 + 0.8 mm and 6.6 + 0.7 mm in the left eye. The differences between postoperative and preoperative
values in the right and left eyes were statistically significant (p <0.000001). ONSD increases above the norm did
not correlate with the incidence of postoperative nausea (p = 0.94), delirium (p = 0.81), or the time to patient
awakening (p = 0.29). Conclusion: ONSD increased in patients who underwent surgical procedures performed
in the Trendelenburg position, but the increase did not correlate with postoperative complications.

Keywords: optic nerve sheath diameter; point of care ultrasound; Trendelenburg position

1. Introduction

Over 250 000 men every year will be diagnosed with prostate cancer, and of these, 30 000 men
will die of their disease. Radical prostatectomy remains an integral part of the treatment algorithm,
particularly in men with T2-3 tumors with a Gleason score. In many clinical contexts, laparoscopy is
gradually replacing conventional surgical procedures. Laparoscopy is associated with diminished
mortality and less overall and severe morbidity; as well, laparoscopy has curtailed the incidence of
surgical site infections, urinary tract infections, bleeding, sepsis, and septic shock [1]. Unfortunately,
laparoscopic procedures require peritoneal carbon dioxide insufflation. Carbon dioxide (COz)
insufflation also result in various adverse events such as the potential to increase cerebral blood flow,
intracranial pressure (ICP), and intraocular pressure. The increase in intra-abdominal pressure
increases venous resistance, thereby decreasing blood return to the heart. However, in a
hypervolemic state, the increase in mean systemic pressure overrides the resistance, resulting in
increased blood return to the heart . Pneumoperitoneum also increases cerebral blood flow due to an
increase in partial pressure COz and an increase in catecholamine release independent of partial
pressure COz . A minimum of 10-15 min is required for PaCO2 elevation after pneumoperitoneum
in laparoscopic procedures. In the late stage of increased ICP, the diffusion of CO2 from the
peritoneum results in a reflex arterial vasodilation in the CNS, thus further increasing ICP.
Compression of the lower lobes of the lungs creates a ventilation/perfusion mismatch, further
increasing PaCO2[2].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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All this results in an acute rise in ICP that may be harmful to patients with head injury or
unrecognized intracranial mass lesions. Raised ICP decreases cerebral perfusion pressure, and
sudden changes are more deleterious The gas negatively affects not only the viscera, but also it affects
the central nervous system because the resultant pneumoperitoneum leads to increased intracranial
pressure (ICP) [3]. Surgeons rarely use computer tomography and magnetic resonance imaging to
assess intraoperative ICP. The “gold standard” method for monitoring intracranial pressure (ICP)
includes using invasive, intraparenchymal, or intraventricular devices that are often only available
in specialist neurocritical care units [4]. Intracranial pressure (ICP) monitoring and external CSF
drainage are fundamental to the management of neurosurgical patients in the critical care setting,
and current methods have evolved considerably since the early days of neurosurgery. Invasive
measurement is the most accurate tool to determine ICP, but it is associated with numerous
complications, such as brain damage, bleeding, and infection [5].

The optic nerve is an outward form of the diencephalon during embryogenesis. It is wrapped
by the nerve sheath, which is derived from three layers of meninges and protrudes towardthe orbit.
Thus, the cerebrospinal fluidmoves freely between the intracranial and intraorbital subarachnoid
spaces. The intraorbital subarachnoid space surrounds the optic nerve, and it is subject to the same
pressure changes as the intracranial subarachnoid space [6]. Raised intracranial pressure (ICP) may
cause secondary brain ischemia that adds insult to pathologies like traumatic brain injury, stroke and
intracranial hemorrhages. It can cause complications like visual impairment, reversible or permanent
neurological problems, seizures, stroke and even death.[7,8]

The optic nerve is responsive to ICP. The optic nerve can be thought of as an outpouching of
intact brain tissue; the intraorbital component is fully encapsulated by dura, arachnoid, and pia
matter, enabling the optic nerve sheath to transmit cerebral spinal fluid and fluctuate in size based
on intracranial pressure. The meningeal cover of the optic nerve is the continuation of the dural and
subarachnoid space. The bulbous portion of the optic nerve, approximately 3 mm posterior to the
globe, appears to be the most distensible and sensitive to ICP on the basis of in-vivo models of
elevated ICP and artificial creation of elevated ICP in cadaveric models.

Ocular sonography is safely used for ophthalmic evaluation since more than thirty years [9], and
has a fast learning curve:novice sonologists need only 25 scans to obtain adequate results [10], with
limited variability in measurement of ONSD, as median intra-observer and inter-observer variations
were shown to be respectively less than 0.2 and 0.3 mm [11]

Several studies have shown that measurement of ONSD is a quick and non-invasive method of
detecting increased ICP and can be used as a strong and accurate predictor of increased ICP. It is also
known as a method of accurately and quickly monitoring changes in ICP. Despite the popularity of
ultrasound measurement of the ONSD, this technique was used mainly for the emergency situation
or critical care [12].

Ultrasonographic measurement of the optic nerve sheath diameter (ONSD) [13,14] is a
favourable noninvasive procedure to assess the ICP of patients who undergo urologic surgery. It has
become a popular approach for detecting elevated ICP. The procedure is based on the fact that
hemodynamic disturbances during laparoscopic surgery lead to increased ICP. Any increase in
cerebrospinal fluid pressure increases the diameter of the optic nerve sheath, and the optic nerve
sheath directly communicates with the subarachnoid space. Normal ICP values correlate with ONSD
values (range of 4.8-6 mm) [15,16]. Furthermore, ultrasound examination is a simple, reproducible,
inexpensive, and widely available modality [17]. Thus, ultrasonographic measurement of the optic
nerve sheath diameter is an ideal means to noninvasively assess ICP.

During urological laparoscopic surgery, the patient is placed in the Trendelenburg position,
which has a major effect on intra- and postoperative cardiovascular and respiratory function. We
noticed, that a lot of patiets after operation in Tredelenburg position have got conjunctival chemosis
and edema, postoperative delirium, cognitive dysfunction and delayed awakening.

Thus: our goal was to determine whether the Trendelenburg position affects ONSD.
Additionally, we investigated whether changes in ONSD were associated with postoperative nausea
or vomiting, and delirium, and prolonged awakening time.
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2. Materials and Methods

This study is a single center prospective observational study. The Bioethics Committee of the
Jagiellonian University in Cracow, Poland approved this study on 23/02/2018 (No. 1072.6120.30.2018).
The study was registered at ClinicalTrials.gov (NCT03485612) All study participants provided
written consent to participate voluntarily. We excluded persons under 18 years of age and who had
undergone prior ophthalmological procedures. Exclusion criteria were hemodynamic instability;
history of eye surgery; current eyeball disease (e.g., cataract, glaucoma, retinal detachment);
increased intracranial pressure (e.g., brain tumor, spinal cord lesion); and current medications known
to influence emergence from anesthesia (e.g., benzodiazepines, opioids).

From April 2018 to August 2018, participants underwent urological laparoscopic surgery with
general anaesthesia in the Trendelenburg position. Standard monitoring during anaesthesia included
arterial oxygen saturation, ECG, and noninvasive arterial blood pressure. Premedication was not
used. The standard anaesthesia consisted of propofol (1.5-2 mg / kg body weight iv) and fentanyl (1-
2 pg / kg body weight iv) for induction. Cisatracurium (0.2 mg / kg body weight iv) was administered
prior to intubation. Neuromuscular blockade monitoring was performed with an NMT device.
Blouses of cisatracurium was adjusted to maintain two counts of train of four (TOF) and stopped at
least 30 min before the end of surgery. Anaesthesia was maintained with sevoflurane (MAC 1-1.5)
and fentanyl boluses (0.05-1 ug / kg body weight iv). Mechanical ventilation was delivered at the
tidal volume of 8 ml / kg body weight. The respiratory rate was tied to the end-expiratory CO2
(etCO2) concentration with a view to maintaining etCO2 in the 35-45 mm Hg range. The first
measurement of ONSD was obtained before patients were placed in the Trendelenburg position.
Then the Trendelenburg position was instituted by tilting the operating table to ca. 45 degrees.
Patients remained in that position during the operation. After surgery, the patients were placed in a
horizontal position, and the second measurement of ONSD was obtained. During the procedure, the
pressure of the pneumoperitoneum was 10-15 mm Hg. After surgery, residual neuromuscular
blockade was reversed with Neostigmine (2 mgi.v.)

When general anesthesia induced and hemodynamically stable conditions were reached, ultra-
sonographic measurements were taken. It was before introducing pneumoperitoneum (10-15
mmHg of insufflation pressure) and in the steep Trendelenburg position (45° incline) After applying
water soluble lubricant, the probe was placed on the closed upper eyelid with minimal pressure in a
direction parallel to the eyelid. Second measurements were taken after surgery end and immediately
after position change to a supine position. ONSD ultrasound was performed using a 7.5 MHz line
head L12-4 (PHILIPS SPARCK 22100 Bothell Everett Highway Bothell, WA, 98021 USA). (Figure 1.)
Two sonographers (T.S. and E. K.), who had performed > 50 scans measured ONSD, took three
measurements of the same patient before and after the procedure, and the average of these
measurements was taken as the final result. The ONSD measurement was standardized by measuring
at a depth of 3 mm outside the posterior wall of the eyeball. Because other investigators [16,18]
showed that ONSD > 5.0 mm correlated with increased intracranial pressure, and the cut-off point of
6.0 mm increases the sensitivity and specificity of the test, we used 6.0 mm as the reference value.

Attending anesthesiologist, checked the patient’s consciousness and evaluated if the patient met
the pre-determined extubation criteria of (1) sufficient reflexes to protect the airway; (2) adequate gas
exchange (respiration rate 10-30 breaths per minute and tidal volume > 6 mL/kg); (3) TOF ratio = 0.9;
and (4) Observer Assessment of Alertness/Sedation Scale >2. Patients were extubated in the operating
room and transferred to a post-anesthesia care unit for at least 3 hours. In the postoperative period,
we monitored the incidence of nausea, delirium, and the time to patient awakening.
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Figure 1. Ultrasonography image of optic nerve sheath. Optic nerve sheath diameter is measured 3 mm behind the optic disc.
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Statistical analysis

The calculation of the sample size was made using statistical power analysis based on the
difference between the average ONSD values in the first 10 patients, for which the statistical power
of 80% was considered. The test returned a minimum sample size of 69 patients. The statistical
analysis was performed with Statistica 10.0 software. The Wilcoxon and Mann-Whitney U tests were
used to determine the statistical significance of the ONSD differences and variables between groups.
The significance level was set at 0.05.

3. Results

Seventy-three patients initially qualified for the study. Four patients had poor image quality,
and no data were obtained; thus, they were excluded from the study, leaving 69 ASA I and ASA II
patients. Sixty-one patients (88%) were men and 8 (12%) were women (Table 1). The urological
procedures included 45 prostatectomies, 11 resections of kidney tumours, 4 cystectomies, 4
lymphadenectomies, 3 Anderson-Hynes plasticities, and 2 others. The mean age of the patients was
63 + 9 years. The average BMI value was 27.7 kg / cm? The average duration of the procedures was
174 + 80 minutes. The average amount of fluids obtained during the procedure was 1469 + 653 ml.
The average preoperative ONSD in the right eye was 5.8 + 0.7 mm (Figure 2), and the average
preoperative ONSD in the left eye was 5.8 + 0.8 mm (Figure 3). The average postoperative ONSD in
the right eye was 6.6 + 0.8 mm, and the average postoperative ONSD in the left eye was 6.6 + 0.7 mm.
In 33 patients there was a difference in excess of the ONSD norm in one eye before and after operation.
All ONSD measurements were statistically significant (p <0.000001; Table 2).

Table 1. Mean age, gender, mean ASA index and BMI of enrolled patients.

Gender
A A 1 f h
Mean age [years] [m. - male AS gy durationo  the procedure
index [minutes]
f. — female]
1-2
63 61 m. 277
II-67 174 +
(=9) 8f. 6 () +80

Table 2. The average ONSD before and after procedure.

ONSD in the right eye [mm] ONSD in the left eye[mm]
preoperative 58+0.7 5.8+0.8
postoperative 6.6+0.8 6.6+0.7
p-value p <0.000001 p <0.000001
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Figure 2. Mean ONSD before and after operation in right eye.
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Figure 3. Mean ONSD before and after operation in left eye.
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The duration of the procedure did not differ significantly (p = 0.96) between patients who had a
difference in excess of the ONSD norm in one eye before and after operation (182+99 minutes)
(Figure 4) and patients who did not have an ONSD greater than the norm (16757 minutes). The
amounts of fluids obtained did not differ significantly (p = 0.15) between patients who had a
difference in exceeding norm of ONSD in one eye before and after (1574+747 ml) and patients who
did not exceed the norm of ONSD (13724561 ml) (Figure 5).

Correlation between the duration of the procedure and a difference in excess of the ONSD
550

500 ¢

450 ¢

400 ¢

350 | — T

300 ¢

250 ¢

200 ¢

duration of the procedure [min]

150 ¢

100 ¢

50

0 1
patients who did not have an ONSD greater than the norm(0) and had a difference in
excess of the ONSD norm in one eye before and after operation (1)

Figure 4. Correlation between the duration of the procedure and a difference in excess of the ONSD.
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Figure 5. Correlation between the amounts of fluids and a difference in excess of the ONSD.

One patient who had a difference in exceeding norm of ONSD in one eye before and after had
postoperative nausea, and two patients who did not exceed the norm of ONSD had postoperative
nausea and vomiting (PONV) (p = 0.94).

Four patients who had a difference in exceeding norm of ONSD in one eye before and after had
postoperative delirium, and four patients who did not exceed the norm of ONSD also had
postoperative delirium (p = 0.81).

We considered that waking more than 10 minutes from the end of the procedure to be a
prolonged awakening time. In both groups, 15 patients had prolonged awakening time (p=0.29)

4. Discussion

The point of care ultrasound and especially the measurement of the ONSD for the purpose of
assessing ICP has generated significant interest in the last decade. The ICP measure is very invasive,
that is why less invasive techniques should be use to detect pathophysiological changes in ICP. The
clinical implications might include the avoidance of craniectomy or dangerous transport in critically
ill or trauma patients at high risk of complications in case of further elevation of the ICP.

We found that ONSD increased in patients who underwent urological procedures performed in
the Trendelenburg position. The Trendelenburg position is often used during laparoscopic
procedures to improve the visibility of the target organs. In our study, although we proved that this
position led to increased ONSD above the norm, the position did not have any significant effect on
the incidence of postoperative complications. In a study conducted by Kim et al. [19] with a group of
64 patients, there were no significant differences in ONSD between patients placed in the
Trendelenburg position vs. patients placed in the anti-Trendelenburg position within 30 minutes of
the establishment of the pneumoperitoneum. Dip et al. [20] porved in patients operated laparoscopic
without Trendelenburg position the mean ONSD was increasing significantly at 15 min by a median
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of 0.6 mm and at 30 min by a median of 1.0 mm. Kim et al. [21] also found that the ONSD increased
by 12.5% at 10 and 30 minutes after the establishment of the pneumoperitoneum for 20 patients who
underwent robotic laparoscopic radical prostatectomy. Verdonck e al. [22] concluded that ONSD did
not change in 20 patients during robotic laparoscopic radical prostatectomy and the total time in
Trendelenburg position was 213 minutes. In Blecha et al. [23] study 51 patients had a robotic-assisted
laparoscopic prostatectomy. The duration of surgery was 218 minuters, and the change of ONSD was
not correlate with time of surgery. In our study the average duration of the procedures was similar
(174 £ 80 minutes), but we had more patients and differentiation in procedrures. In Yilmaz et al.
study [24] the mean duration of the laparoscopic hysterectomy was 78+12 minutes and it correlate
with significant increase in ONSD.

Robba et al. performed a systematic review and meta-analysis of seven studies (320 patients) to
evaluate the diagnostic accuracy of sonographic ONSD measurements of adults [25]. They found that
thresholds in the range of 4.80-6.30 mm demonstrated robust prediction ability (AUC of 0.94) for the
assessment of intracranial hypertension (applying a threshold of >20 mmHg or >25 cmH-0).

Verdonck et al. [22] stated that ONSD did not change during robotic laparoscopic radical
prostatectomy for 20 patients. Intracranial pressure increased during CO: pneumoperitoneum and
head-down positioning, but no changes were found in ONSD in the head-down position. This lack
of change was due to the compensatory mechanisms that respond to the increase in the intracranial
blood volume and the resultant ICP increase.

The depth of anesthesia and the average age of patients may be the cause of the inconsistent
results. In Blecha et al. [23] study the ONSD variation was greater in older patients than in patients
aged less than 63 years, which may suggest that self-regulation of ICP is better in younger patients.
The depth of anesthesia may affect the changes in CBF, and thus the changes in ICP and ONSD. In
this study, the ONSD did not significantly exceed the initial value (maximum rise 0.2 mm). The
differences in the changes in the ONSD during operation were age-related. Younger patients had a
significantly higher baseline ONSD under mechanical ventilation, suggesting higher elasticity of the
dura mater. Interestingly, the ONSD was on average 0.21 mm wider (P=0.017) in patients aged
<63 years (median age) and showed greater variations in diameter than in older patients. In our study
most of the patients (n=39) were over 63 years old, it could affected excess of the ONSD norm in one
eye before and after operation. In the group over 63 years old, 18 patients there was a difference in
excess of the ONSD norm in one eye before and after operation. Elderly patients lack autoregulation
of cerebral blood flow and are unable to tolerate a prolonged elevated ICP.

Acute rise in ICP might be destructive for patients with unrecognized intracerebral vascular and
mass lesions. Moreover, even in the absence of these pathologies, increase in ICP might lead to PONV.
PONV is closely related to patient satisfaction, length of hospital stay, and morbidity. In Yilmaz et al.
[24] study in 61 patients the median ONSD after operation was significantly higher compared to the
baseline values (5.1 mm vs. 4.9 mm). Patients experiencing PONV within 3 hours of recovery had a
significantly higher change in ONSD. The results of Yilmaz et al. [24] study show that the extent of
the increase in ONSD during the procedure is significantly correlated with PONV occurring within
the first three hours of recovery. In our study only 3 patients had PONV in postoperative period.
There was no correlation with PONV and change in ONSD. This discrepancy is probably due to the
fact that our study enrolled mostly elderly male patients, and female patients vulnerable to PONV.
In Kim et al. study [26] 42 female patients undergoing robot-assisted laparoscopic surgery concluded
the significant increase in the ONSD of patients with a smaller ONSD increase during propofol
anesthesia compared to sevoflurane anesthesia. Two patients from the Sevoflurane group
experienced PONV, but this number was not statistically significant.

Bang et al.[27] enrolled 67 patients Undergoing Robot-Assisted Laparoscopic Prostatectomy,
36 patients had an ONSD increase of 10% or more and only five patients showed increased values of
ONSD (>5.7 mm). Significant differences in inadequate emergence were observed only after
extubation. These results suggest that the increase in ONSD can potentially predict inadequate
emergence which suggests that the adverse effects of elevated ICP, persist only for a short period. In
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our study there was no significance correlation between changes in ONSD and delirium or
prolonged awakening time.

In animal studies [28-30], investigators found that in peritoneal depression and Trendelenburg
position the intracranial pressure increased by 10 mmHg above baseline. According to the Monro-
Kellie doctrine, the volume of the intracranial space, composed of brain tissue, blood, and
cerebrospinal fluid, is constant. By preserving the balance between these components, clinicians can
maintain the correct ICP [25,31]. Any increase in blood volume (patient placement and
pneumoperitoneum) should decrease the volume of the cerebrospinal fluid, so the ICP remains
constant. However the increase in ICP was initially explained by impaired drainage of cerebrospinal
fluid at the lumbar plexus level resulting from the increased intraabdominal pressure associated with
the pneumoperitoneum applied during laparoscopic surgery. Rosenthal et al. [32] described a two-
staged mechanism of ICP elevation in laparoscopic surgery. They proposed that an increase in
intraabdominal pressure due to pneumoperitoneum compresses inferior vena cava and impairs
venous drainage from the lumbar plexus. The increase in intraabdominal pressure and The
compression on inferior vena cava elevate the diaphragm. Because of these the intrathoracic pressure
increases which further impairs right atrial and ventricular filling and impairs also the drainage of
superior vena cava. As a result of increase in central venous pressure and the resultant decrease in
drainage from lumbar plexus and central nervous system are likely to contribute to the elevation of
ICP occurring during laparoscopic surgery.

Animal studies by Kalmar et al. [33] showed that an increase in ICP caused intravenous fluid
displacement at the rate of 2 ml / min, which was required to maintain normal ICP. Moreover, ICP
changes can be monitored in real time by ultrasound assessment of ONSD. Wang et al. confirmed the
legitimacy of using ultrasound to assess ICP by examining the intracranial pressure and ONSD in 60
patients [6]; they found a strong correlation between both parameters. Compared with CT and MRI,
ultrasound is less expensive, easier to access, less time-consuming, and free from causing patient
complications [24,34]. MRI studies in the paediatric population confirmed the correlation between
increased ONSD and increased ICP [35,36]. Sekhon et al. assessed the relation between ONSD and
CT analysis in a group of 57 patients with post-traumatic brain injury [37]; the investigators found a
strong correlation between ONSD as measured by CT and ICP. Moreover, with a cut-off at 6.0 mm,
the ONSD had a sensitivity of 97%, specificity of 42%, a positive predictive value of 67%, and a
negative predictive value of 92%. The meta-analysis performed by Kim et al. [18] with a group of 460
patients revealed that increased ICP during a laparoscopic procedure may result in increased ONSD.
The ONSD returned to normal after the pneumoperitoneum was evacuated.

5. Limitation

This study had possible limitations. Anesthetic agents used to maintain anesthesia have variable
effects on ICP. Inhaled anesthetics may have influenced the ICP.

Propofol and sevoflurane have different effects on ICP [38]. Sevoflurane produces an intrinsic
cerebral vasodilatory effect resulting from vascular smooth muscle cell relaxation mediated by
calcium and potassium ions [39]. Thus, cerebral blood flow and ICP increase during sevoflurane
anesthesia under clinical anesthetic dosages, which are above 1.0 MAC [39]. Propofol causes cerebral
vasoconstriction, and cerebral blood flow is reduced following cerebral metabolic rate suppression
[40]. Cerebral blood flow decreases relative to the dose-dependent depression of cerebral metabolic
rate during propofol anesthesia [40]. Therefore, propofol reduces or maintains ICP.

Dose-related reductions in cerebral blood flow (CBF), ICP, and cerebral metabolic rate have been
reported during propofol anesthesia, all volatile anesthetics (such as desflurane and sevoflurane,
among others) have a direct, dose-dependent vasodilator effect on the cerebral vessels, resulting in
an increase in cerebral blood volume and ICP [41] Anesthetic agents used to maintain anesthesia have
variable effects on ICP.

In Yang et al. [42] meta-analysis of data from 379 patients in 7 RCTs, were found that the ONSD
was significantly lower during propofol anesthesia than during inhalation anesthesia at 30 and 60
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minutes after changing to the Trendelenburg position and introducing a pneumoperitoneum. We
maintained anaesthesia with sevoflurane, so it could affected the results of the ONSD.

Additionally, we did not have a control group because we investigated our routine protocol as
an observational study. There was no assessment of direct measuring of ICP. Prospective randomized
studies are warranted to verify our results.

6. Conclusions

Perioperative assessment of ONSD is useful. ONSD increased in patients who underwent
procedures performed in the Trendelenburg position. The Trendelenburg position can be considered
safe for laparoscopic urological procedures.
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