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Background. Robot-assisted laparoscopic radical prostatectomy (RLRP) can increase intracranial pressure (ICP) related to a
change in position. Increasing ICP may result in various ocular complications, which are rare but serious, such as a corneal
abrasion and ischemic optic neuropathy. We performed a prospective observational trial using ultrasonographic measure-
ments to compare optic nerve sheath diameter (ONSD) related to ICP between patients who received either propofol or
sevoflurane and underwent RLRP. Methods. *irty-two male patients scheduled to undergo RLRP were assigned into groups
according to the anesthetic agent used (group P: propofol, n � 16; group S: sevoflurane, n � 16). ONSD, end-tidal partial
pressure of CO2, and blood pressure were measured 10min after induction of anesthesia (T0), 30min (T1), 60min (T2), and
90min after changing to the steep Trendelenburg position and introducing a pneumoperitoneum (T3) and 10min after
returning the patient’s position to supine (T4) during surgery. Results. No significant differences were observed in the de-
mographic data of the patients, surgery time, or intraoperative variables, including hemodynamic and respiratory variables, at
any of the time points. *e mean right ONSDs in the propofol and sevoflurane groups were 37.3 and 40.1mm at 30min
(p � 0.003), respectively. *e mean left ONSDs were 38.4 and 40.8mm at 30min (p � 0.021) after changing to the Tren-
delenburg position. *e ONSDs between the two groups were significantly different during surgery. Conclusions. ONSD
increased more in the sevoflurane group than in the propofol group during RLRP. Intravenous anesthetics could alleviate the
increase in ICP during RLRP.

1. Introduction

Prostate cancer is the second most common cancer in men
worldwide. Robot-assisted laparoscopic radical prostatectomy
(RLRP) has become a very popular treatment because it has
better outcomes, less blood loss, and decreased recovery time
compared to other options [1]. However, it requires patients to
be in a steep Trendelenburg position, and an artificial
pneumoperitoneum is introduced to facilitate surgical expo-
sure by displacing the bowel cephalad. Together, these may
result in various ocular complications, such as corneal abra-
sions and ischemic optic neuropathy (ION) [2]. *e

pathophysiology of ION remains unknown, although in-
creased intraocular pressure is considered to be the cause [3].

Measuring optic nerve sheath diameter (ONSD) by ul-
trasonography is a very useful method for evaluating in-
tracranial pressure (ICP); it is strongly correlated with
invasive ICP measurements estimated using intraventricular
and intraparenchymal devices [4].

All inhaled anesthetics have a direct, dose-dependent
vasodilator effect on the cerebral vessels that increases ce-
rebral blood volume and blood flow [5]. Sevoflurane has the
least effect among other comparable agents [6, 7]. Propofol
decreases ICP but maintains cerebral perfusion pressure [8].
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In the present study, we hypothesized that ONSD in the
sevoflurane group would increase more than that in the
propofol group.

2. Methods

*is study had a prospective, randomized, double-blind
design and was approved by the Institutional Review Board
of the National Cancer Center (NCC2017-0065). It is reg-
istered with the Korean Clinical Trials Registry (CRiS, http://
cris.nih.go.kr, 9/11/2018, KCT 0003332). After obtaining
written informed consent, we enrolled 32 male patients
between 19 and 79 years of age with an American Society of
Anesthesiologists (ASA) physical status of I–III who were
undergoing RLRP. Patients with a previous neurological
disease or cerebrovascular disease that could increase ICP or
patients with a history of ophthalmological disease or sur-
gery were excluded.

After preoxygenation, anesthesia was induced with
remifentanil and propofol followed by rocuronium (0.6mg/
kg) to facilitate tracheal intubation. After endotracheal in-
tubation, the patients were mechanically ventilated with a
50% oxygen-air mixture, using a tidal volume of 8mL/kg
ideal body weight at a respiratory rate of 10–14/min to
maintain end-tidal CO2 partial pressure (ETCO2) between
35 and 40mmHg. *e random assignments were generated
by using a computer with block sizes of 2 and 4 with a 1 :1
assignment using the random block size permutation
method. Patients were randomized into two groups: group S
or group P. In group S, anesthesia was maintained with 1-2
vol% sevoflurane and an infusion of remifentanil. In group
P, anesthesia was maintained with propofol and an infusion
of remifentanil. *e end-tidal concentration of sevoflurane
or propofol was adjusted to maintain a bispectral index score
of 40–60, and the targeted effect-site concentration of
remifentanil was adjusted to 1.0–3.0 ng/mL using a target-
controlled infusion (TCI) device.

*e vaporizer and TCI pump were concealed from the
anesthesiologist by using a screen. *e blinded anesthesiol-
ogist measured ONSD, evaluated as described previously [9].
Briefly, the patients were placed in the supine position or steep
Trendelenburg position with their eyelids taped closed, and a
thick layer of gel was applied to their closed upper eyelids. A
7.5MHz linear probe (M-turbo™ ultrasound system, Sonosite,
USA) with reduced acoustic power was applied on the gel
without excessive pressure to avoid damaging the retina and
lens, and the ultrasound beam was adjusted to provide a
suitable angle for displaying the entry of the optic nerve into
the globe to measure ONSD. *e ONSD was measured 3mm
behind the optic disc (Figure 1), at five time points: 10min
after induction of anesthesia (T0), 30min after changing to the
steep Trendelenburg position and introducing a pneumo-
peritoneum (T1), 60min after changing to the steep Tren-
delenburg position and introducing a pneumoperitoneum
(T2), 90min after changing to the steep Trendelenburg po-
sition and introducing a pneumoperitoneum (T3), and 10min
after returning the patient’s position to supine (T4). Each
measurement was conducted three times on each orbit in the
transverse plane of both eyes. *e baseline ONSD was

measured 10min after induction. We used the mean of three
values at each point for analyses.

ETCO2, blood pressure, and heart rate (HR) were
measured at each time point. We also measured surgery time
and the volume of infused fluid. In pilot study, the mean
standard deviation of ONSD was 38.83± 2.23mm in the
sevoflurane group and 36.17± 3.31mm in the propofol
group. *e difference was about 3mm in the pilot study.
However, the difference of about 10% was considered
clinically significant. We assumed that the mean difference
was 4.0mm for the primary endpoint of ONSD at 30min
after changing to the Trendelenburg position with a standard
deviation in both groups of 2.8. We calculated that 14 pa-
tients in each group would achieve 95% power to reject the
null hypothesis of equal means with a significance level of
0.05 using a two-sided two-sample equal-variance t-test. We
recruited 16 patients per group, considering a dropout rate
of 10%. *e primary outcome in this study was the group
difference in ONSD at 30min after the head-down position.
*e secondary outcomes included were as follows: the group
difference in ONSD at 10min after induction of anesthesia,
60min and 90min after head-down position, and 10min
after supine position; end-tidal carbon dioxide pressure;
blood pressure at 10min after induction of anesthesia,
30min, 60min, 90min after head-down position, 10min
after supine position and; infused intravenous fluid at the
end of surgery.

*e independent t-test was used to evaluate the differ-
ence between the propofol and sevoflurane group in regard
to changes in ONSD, systolic blood pressure, diastolic blood
pressure, mean blood pressure, HR, and ETCO2. *e dif-
ference between the time points in each group was tested
with the paired t-test, and the differences between the two
groups over time were compared based on a mixed-effect
model. All statistical analyses were performed using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA).

3. Results

*irty-two patients scheduled for RLRP were included and
evaluated. *e patients’ characteristics are shown in Table 1.
No significant differences were observed in the demographic
data of the patients, surgery time, or intraoperative variables,

Figure 1: Optic nerve sheath sonography.
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including hemodynamic and respiratory variables at any of
the time points.

ONSD was measured at 10min after induction of anes-
thesia (T0), 30min (T1), 60min (T2), and 90min (T3) after
changing to the Trendelenburg position and introducing a
pneumoperitoneum, and 10min after the position changes to
supine (T4) in Table 2.*emean right ONSDs in the propofol
and sevoflurane groups were 36.6 and 36.2mm (p � 0.638) at
T0, 37.3 and 40.1mm (p � 0.003) at T1, 36.7 and 38.8mm
(p � 0.036) at T2, 36.3 and 38.9mm (p � 0.011) at T3, and
35.1 and 38.1mm (p � 0.008) at T4, respectively. *e mean
left ONSDs were 37.3 and 37.2mm (p � 0.950) at T0, 38.4 and
40.8mm (p � 0.021) at T1, 37.4 and 40.2mm (p � 0.019) at
T2, 36.8 and 39.7mm (p � 0.017) at T3, and 35.9 and 39.1mm
(p � 0.003) at T4 (Figure 2) *e ONSDs between the two
groups were significantly different during surgery (Table 3).
ONSD in the sevoflurane group were increased significantly
from 36.2/37.2mm (right/left) at baseline to 40.1/40.8mm
(right/left) 30min after the postural change (p< 0.01). ONSDs
of the propofol group were significantly increased only in the
left from 37.3 (T0) mm to 38.4mm (T1) (p � 0.042).

4. Discussion

We investigated changes in ONSD according to the anes-
thetic agent.We observed significant differences between the
sevoflurane and propofol groups. Whitely et al. [10] reported

a significant increase in ONSD of patients undergoing RLRP.
However, few studies have reported how specific anesthetic
agents affect the change in ONSD. ONSD did not change
over time in the propofol group. However, it increased
significantly 30min after the postural change in the sevo-
flurane group but did not increase 60 or 90min after
changing to the Trendelenburg position and inducing a
pneumoperitoneum. *ese results are consistent with

Table 1: Baseline characteristics.

Characteristics Total Propofol group Sevoflurane
p value(n� 32) (n� 16) (n� 16)

Age 66.41± 8.05 64.38± 7.86 68.44± 7.97 0.159
Height 167.28± 5.16 167.63± 5.94 166.94± 4.42 0.713
Weight 68.03± 9.43 69.38± 10.25 66.69± 8.65 0.429

ASA 1 6 (18.75) 4 (25.00) 2 (12.50) 0.654
2 26 (81.25) 12 (75.00) 14 (87.50)

Operation time 182.19± 31.18 183.13± 32.91 181.25± 30.41 0.868
Anesthesia time 229.69± 33.72 231.88± 35.68 227.5± 32.66 0.720
Infused fluid 1298.44± 421.11 1287.5± 373.05 1309.38± 476.52 0.886
End-tidal CO2
T0 31.16± 2.64 32.06± 2.62 30.25± 2.41 0.051
T1 33.63± 2.11 33.75± 2.41 33.50± 1.83 0.743
T2 33.44± 2.46 33.25± 2.98 33.63± 1.89 0.674
T3 34.59± 2.66 34.25± 3.17 34.94± 2.08 0.474
T4 31.94± 3.12 31.63± 3.44 32.25± 2.84 0.580
Systolic blood pressure
T0 109.69± 14.91 110.13± 15.88 109.25± 14.39 0.871
T1 117.66± 17.74 125.00± 19.90 110.31± 11.80 0.017
T2 115.03± 17.66 118.38± 19.47 111.69± 15.56 0.292
T3 112.13± 15.73 116.44± 15.19 107.81± 15.52 0.123
T4 132.25± 18.77 129.19± 17.28 135.31± 20.24 0.365
Diastolic blood pressure
T0 56.53± 9.13 56.56± 7.36 56.5± 10.88 0.985
T1 66.75± 8.82 68.81± 8.89 64.69± 8.52 0.190
T2 66.88± 9.85 68.13± 10.07 65.63± 9.78 0.482
T3 66.16± 10.12 68.38± 11.00 63.94± 8.96 0.221
T4 68.72± 11.43 67.63± 10.22 69.81± 12.76 0.597
Ten minutes after inducing anesthesia (T0), 30min after changing to the Trendelenburg position and introducing a pneumoperitoneum (T1), 60min after
changing to the Trendelenburg change and introducing a pneumoperitoneum (T2), 90min after changing to the Trendelenburg position and introducing a
pneumoperitoneum (T3), and 10min after discontinuing the pneumoperitoneum and the patient’s position was returned to supine (T4).

Table 2: Comparison of optic nerve sheath diameter between
intravenous and inhalation anesthesia.

Characteristics Total Propofol Sevoflurane
p value(n� 32) (n� 16) (n� 16)

ONSD (Rt)
T0 36.41± 2.56 36.63± 3.26 36.19± 1.68 0.638
T1 38.69± 2.71 37.31± 2.39 40.06± 2.32 0.003
T2 37.75± 2.90 36.69± 2.91 38.81± 2.54 0.036
T3 37.59± 3.07 36.25± 2.52 38.94± 3.04 0.011
T4 36.63± 3.30 35.13± 2.90 38.13± 3.05 0.008
ONSD (Lt)
T0 37.22± 2.73 37.25± 3.02 37.19± 2.51 0.950
T1 39.56± 2.97 38.38± 2.73 40.75± 2.79 0.021
T2 38.81± 3.38 37.44± 3.46 40.19± 2.76 0.019
T3 38.25± 3.47 36.81± 2.66 39.69± 3.66 0.017
T4 37.53± 3.18 35.94± 3.13 39.13± 2.39 0.003
ONSD, optic nerve sheath diameter.
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previous studies [11]. Verdonck et al. [12] described a
compensatory mechanism for a shift in cerebrospinal fluid
towards the spinal canal and the vascular compartment.

Measuring ONSD is a noninvasive method that corre-
lates significantly with changes in ICP [12]. ONSD val-
ues> 5mm are associated with ICP values> 20mmHg
[13, 14]. We did not measure ONSD values> 5mm or
observe any postoperative adverse neurological sequelae in
our study.

A prolonged steep Trendelenburg position and in-
creasing intra-abdominal pressure can result in increased
cerebral venous pressure, ICP, and cerebral blood flow.
Weber et al. [15] reported postoperative visual loss due to a
prolonged steep Trendelenburg position during minimally
invasive prostatectomy. Molloy [16] reported that in-
traocular pressure increases overtime in the steep Trende-
lenburg position. Ocular perfusion pressure is calculated as

arterial pressure minus IOP. *erefore, when intraocular
pressure rises, ocular perfusion pressure decreases and can
cause an increased risk of postoperative visual loss.

ICP can be affected by carbon dioxide, blood pressure,
infused fluid, and operation time [17]. In our study, no
significant differences were observed in the parameters that
affect ICP between the two groups.

Many studies have demonstrated that sevoflurane has a
dose-dependent cerebral vasodilatory effect and that pro-
pofol either decreases or does not affect ICP. In our study,
ONSD did not increase in the propofol group. We hy-
pothesized that the use of propofol would not affect ICP in
patients at risk for elevated ICP, such as those in the steep
Trendelenburg position, and would not increase ONSD. We
confirmed this in our study.

Some limitations of this study should be mentioned. We
only measured PaCO2 at baseline, which may have affected
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Figure 2: Mean and standard deviation optic nerve sheath diameters in the propofol and sevoflurane groups.

Table 3: Differences over time within each group.

p value

Propofol

ONSD (Rt)
T1 37.31± 2.39 0.214T0 36.63± 3.26
T1 37.31± 2.39 0.098T2 36.25± 2.52

ONSD (Lt)
T1 38.38± 2.73 0.042T0 37.25± 3.02
T1 38.38± 2.73 0.030T2 36.81± 2.66

Sevoflurane

ONSD (Rt)
T1 40.06± 2.32 <0.0001T0 36.19± 1.68
T1 40.06± 2.32 0.169T2 38.94± 3.04

ONSD (Lt)
T1 40.75± 2.79 <0.0001T0 37.19± 2.51
T1 40.75± 2.79 0.059T2 39.69± 3.66

ONSD, optic nerve sheath diameter.
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ICP. However, because EtCO2 has a strong relationship with
PaCO2, we maintained EtCO2 partial pressure at 35–
40mmHg over the whole period and adjusted ventilator
settings in both groups. No significant difference in EtCO2
was detected between the two groups.

In conclusion, ONSD during RLRP increased in the
sevoflurane group but not in the propofol group. In-
travenous anesthetics could alleviate the increase in ICP
during RLRP.We recommend using intravenous anesthetics
when performing this surgery in a position that could cause
an elevation in ICP, such as the prolonged steep Trende-
lenburg position and when placing an artificial pneumo-
peritoneum, because sevoflurane has a cerebral vasodilatory
effect although a sufficient compensatory mechanism may
weaken the intracranial effects.

Data Availability

*e data used to support the findings of this study are in-
cluded within the article.

Conflicts of Interest

*e authors declare that they have no conflicts of interest.

Authors’ Contributions

Yanghyun Kim, Seomun Choi, and Sungwoo Kang wrote the
main manuscript text, and Boram Park prepared Figure 2
and Tables 2 and 3 and analyzed statistics.

References

[1] B. Nelson, M. Kaufman, G. Broughton, M. S. Cookson,
S. S. Chang, and S. D. Herrell, “Comparison of length of
hospital stay between radical retropubic prostatectomy and
robotic assisted laparoscopic prostatectomy,” Journal of
Urology, vol. 177, no. 3, pp. 929–931, 2007.

[2] N. J. Newman, “Perioperative visual loss after nonocular
surgeries,”American Journal of Ophthalmology, vol. 145, no. 4,
pp. 604–610, 2008.

[3] K. M. Kan, S. E. Brown, and D. M. Gainsburg, “Ocular
complications in robotic-assisted prostatectomy: a review of
pathophysiology and prevention,” Minerva Anestesiologica,
vol. 81, pp. 557–566, 2015.

[4] H. H. Kimberly, S. Shah, K. Marill, and V. Noble, “Correlation
of optic nerve sheath diameter with direct measurement of
intracranial pressure,” Academic Emergency Medicine, vol. 15,
no. 2, pp. 201–204, 2008.

[5] B. F. Matta, T. S. Mayberg, and A. M. Lam, “Direct cere-
brovasodilatory effects of halothane, isoflurane, and desflurane
during propofol-induced isoelectric electroencephalogram in
humans,” Anesthesiology, vol. 83, no. 5, pp. 980–985, 1995.

[6] A. Holmstrom and J. Akeson, “Sevoflurane induces less ce-
rebral vasodilation than isoflurane at the same A-lineR
autoregressive index level,” Acta Anaesthesiologica Scandi-
navica, vol. 49, no. 1, pp. 16–22, 2005.

[7] T. B. Sloan, “Anesthetics and the brain,”Anesthesiology Clinics
of North America, vol. 20, no. 2, pp. 265–292, 2002.

[8] P. D. Mrval, M. E. Perrin, S. M. Hancock, and R. P. Mahajan,
“*e effects of propofol or sevoflurance on the estimated

cerebral perfusion pressure and zero flow pressure,” Anes-
thesia & Analgesia, vol. 100, no. 3, pp. 835–840, 2005.

[9] H.-C. Hansen and K. Helmke, “Validation of the optic nerve
sheath response to changing cerebrospinal fluid pressure:
ultrasound findings during intrathecal infusion tests,” Journal
of Neurosurgery, vol. 87, no. 1, pp. 34–40, 1997.

[10] J. R. Whiteley, J. Taylor, M. Henry, T. I. Epperson, and
W. R. Hand, “Detection of elevated intracranial pressure in
robot-assisted laparoscopic radical prostatectomy using ul-
trasonography of optic nerve sheath diameter,” Journal of
Neurosurgical Anesthesiology, vol. 27, no. 2, pp. 155–159, 2015.

[11] J. H. Chin, H. Seo, E. H. Lee et al., “Sonographic optic nerve
sheath diameter as a surrogate measure for intracranial
pressure in anesthetized patients in the Trendelenburg posi-
tion,” BMC Anesthesiology, vol. 15, no. 1, pp. 43–48, 2015.

[12] P. Verdonick, A. F. Kalman, K. Suy et al., “Optic nerve sheath
diameter remains constant during robot assisted laparoscopic
radical prostatectomy,” PLoS One, vol. 9, no. 11, Article ID
e111916, 2014.

[13] T. Geeraerts, S. Merceron, D. Benhamou, B. Vigué, and
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