Brazilian Journal of Anesthesiology 2021;71(6):618---622

CLINICAL RESEARCH

Intraocular pressure during robotic-assisted
laparoscopic prostatectomy: a prospective
observational study
Yuriko Kondo a , Noriyuki Echigo a , Takahiro Mihara b,c,d,∗ , Yukihide Koyama e ,
Kosuke Takahashi f,g , Kenta Okamura b , Takahisa Goto b
a

Yokohama Rosai Hospital, Department of Anesthesiology, Yokohama, Japan
Yokohama City University, Graduate School of Medicine, Department of Anesthesiology and Critical Care Medicine, Yokohama,
Japan
c
YCU Center for Novel and Exploratory Clinical Trials, Yokohama City University Hospital, Education and Training Department,
Yokohama, Japan
d
Yokohama City University, Graduate School of Data Science, Department of Health Data Science, Yokohama, Japan
e
Nippon Koukan Hospital, Department of Anesthesia, Kawasaki, Japan
f
Nihon University, School of Dentistry at Matsudo, Department of Maxillofacial Surgery, Tokyo, Japan
g
Yokohama Rosai Hospital, Department of Maxillofacial Surgery, Yokohama, Japan
b

Received 14 February 2020; accepted 27 February 2021
Available online 3 April 2021

KEYWORDS
Robotic surgical
procedures;
Prostatectomy;
Intraocular pressure;
Trendelenburg
position

∗

Abstract
Background and objectives: Although previous reports have shown intraocular pressure changes
during robotic-assisted laparoscopic prostatectomy, they did not discuss the time course of
changes or the timing of the largest change. We conducted this study to quantify pressure
changes over time in patients assuming the steep Trendelenburg position during robotic-assisted
laparoscopic prostatectomy.
Methods: Twenty-one men were enrolled. Intraocular pressure was measured before anesthesia
induction in the supine position (T0); 30 (T1), 90 (T2), and 150 minutes after assuming the
Trendelenburg position (T3); and 30 minutes after reassuming the supine position (T4). Endtidal carbon dioxide and blood pressure were also recorded. To compare intraocular pressure
between the time points, we performed repeated-measures analysis of variance. A mixedeffects multivariate regression analysis was conducted to adjust for confounding factors.
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Results: The mean (standard deviation) intraocular pressure was 18.3 (2.4), 23.6 (3.0), 25.1
(3.1), 25.3 (2.2), and 18.1 (5.0) mmHg at T0, T1, T2, T3, and T4, respectively. The mean
intraocular pressure was higher at T1, T2, and T3 than at T0 (p < 0.0001 for all). There was no
signiﬁcant difference between T0 and T4, and between T3 and T2 (p > 0.99 for both).
Conclusions: The Trendelenburg position during robotic-assisted laparoscopic prostatectomy
increased intraocular pressure. The increase was moderate at 90 minutes after the position
was assumed, with the value being approximately 7 mmHg higher than the baseline value.
The baseline intraocular pressure was restored at 30 minutes after the supine position was
reassumed.
Trial registration: UMIN ID 000014973
Date of registration: August 27, 2014
© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Introduction

Methods

Robotic-assisted laparoscopic prostatectomy (RALP) is one
of the newest and most technically advanced surgical procedures. The technique is increasingly performed worldwide
due to the advantages in decreasing postoperative pain and
blood loss.1 The steep Trendelenburg position required for
RALP may cause high intraocular pressure (IOP), which leads
to low ocular perfusion pressure. It may cause central retinal artery occlusion, and several ocular complications have
been reported.2
Some studies have reported that the Trendelenburg position increases IOP.3---5 These reports showed IOP elevated
during RALP but did not discuss the time course of IOP
change or the timing of the largest IOP change. Awad et al
reported that IOP was higher at the end of the duration of
the steep Trendelenburg position than in the supine position. Although they measured IOP at seven time points,
they did not measure it during the surgery (i.e., between
the start and the end of the Trendelenburg position).3 Matsuyama et al measured IOP between the start and the end
of the Trendelenburg position; speciﬁcally, measurements
were made at 15, 60, and 90 minutes after the position was
assumed. They showed that IOP was higher in the Trendelenburg position than in the supine position and increased
from 15 minutes to 90 minutes in the Trendelenburg position. However, they did not measure IOP after 90 minutes.4
Hoshikawa et al. measured IOP every hour after the Trendelenburg position was assumed and compared the value
at the start of the position with those after the position
was assumed. They found that IOP was higher at each time
point during the Trendelenburg position than at the start,5
although the time at which the increase was the largest
was not determined. Taken together, although these reports
showed changes in IOP during RALP, they did not discuss the
time course of IOP changes or the timing of the largest IOP
change.
We hypothesized that IOP does not constantly increase
throughout the Trendelenburg position and aimed to
determine the pattern of IOP elevation during surgery.
Accordingly, we quantiﬁed the IOP changes over time in
patients assuming the steep Trendelenburg position during
RALP.

This was a single-center, prospective, observational study.
The study protocol was registered at the University Hospital Medical Information Network (Registration No.: UMIN ID
000014973) before patient recruitment. After approval by
the Research Ethics Committee of our institution (Approval
No.: 26-33), written informed consent was obtained. Inclusion criteria were as follows: patients scheduled to undergo
RALP, age >18 years), and an American Society Anesthesiologists (ASA) physical status of I---II. Recruitment was
performed at our institution between August 2014 and March
2015. The exclusion criterion was the presence of glaucoma.
All patients consulted an ophthalmologist before surgery.
We did not exclude patients with any other ophthalmic
disease.
General anesthesia was induced with propofol, rocuronium, and fentanyl and maintained with sevoﬂurane and
remifentanil. All patients received tracheal intubation, and
their radial artery was catheterized for continuous monitoring of arterial blood pressure. Mechanical ventilation was
provided at the discretion of each anesthesiologist. Trendelenburg position was standardized at 30◦ from horizontal.
The primary endpoint of this study was the IOP
during RALP. Secondary endpoints included any ocular complications such as blindness, narrowing of the
visual ﬁeld, or impaired visual perception, which were
assessed at discharge and at 1 and 3 months after
surgery.

Measurement and instrumentation
IOP measurements were performed with the rebound
tonometer Icare PRO® (M.E. Technica, Tokyo, Japan). The
IOP was measured at the following ﬁve time points. T0:
before induction of anesthesia in the supine position, T1:
30 minutes after assuming the Trendelenburg position, T2:
90 minutes after assuming the Trendelenburg position, T3:
150 minutes after assuming the Trendelenburg position, and
T4: 30 minutes after reassuming the supine position. Endtidal carbon dioxide and blood pressure were also recorded
at each time point.
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Table 1

Patient demographics and operative variables.

Age (years)
Height (cm)
Weight (kg)
BMI (kg.m-2 )
Intravenous ﬂuid (mL)
Duration of operation (min)
Duration of pneumoperitoneum (min)

65.5 ± 6.7
168.5 ± 5.14
68.9 ± 7.6
24.3 ± 2.6
2230 ± 460
263 ± 61
225 ± 62

BMI, body mass index.
All variables are presented as mean ± standard deviation.

Sample size calculation
Assuming a 5-mmHg difference in IOP with a standard deviation of 5 mmHg,4,5 sample size estimation analysis suggested
that 18 patients were required. The power was set at 80%.
To adjust for the ten time-point comparisons (i.e., every
pair at the time points T0, T1, T2, T3, and T4), the type I
error was set at 0.005 (0.05/10). We recruited 21 patients
considering a 10% dropout rate.

Figure 1 Intraocular pressure (IOP) at each time point. Line
graph showing the mean and standard deviation of the IOP. IOP is
higher at T3 than at T0 and T1. There is no signiﬁcant difference
in IOP between T2 and T3. IOP is lower at T4 than at T3.
Table 2

Time (T1 vs T3)
Time (T2 vs T3)
Time (T4 vs T3)
EtCO2
SBP

Statistical analysis
The normality of the data was visually assessed using a normal Q-Q plot and tested using the Kolmogorov---Smirnov test.
Data normality was not rejected in the normal Q-Q plot
and the Kolmogorov---Smirnov test. All continuous values are
shown as mean (standard deviation). To compare the IOP
at each time point (longitudinal data), repeated-measures
analysis of variance with Student’s t-test and Holm’s correction was performed for multiple comparison adjustments.
We conducted Mauchly’s Test of Sphericity and adopted the
Huynh-Feldt correction if sphericity was not conﬁrmed. In
addition, we used a mixed-effects multivariate regression
model to adjust for confounding factors. In the mixedeffects model, the individual patient was set as a random
effect, while the systolic blood pressure, end-tidal carbon
dioxide, and time points were set as ﬁxed effects. We did
not include the IOP measured at T0 for the mixed-effects
analysis because end-tidal carbon dioxide data were unavailable at this time point. P-values < 0.05 were considered
statistically signiﬁcant. Statistical analyses were performed
using the R statistical software package, version 3.3.0 (R
Foundation for Statistical Computing, Vienna, Austria).

Results
Twenty-one male patients were included in the analyses.
The demographics of the study participants are summarized in Table 1. As shown in Figure 1, the mean (standard
deviation) IOP was 18.3 (2.4) mmHg before induction of
anesthesia, 23.6 (3.0) mmHg at T1, 25.1 (3.1) mmHg at T2,
25.3 (2.2) mmHg at T3, and 18.1 (5.0) mmHg at T4. We have
reasonably strong evidence that the mean IOP was higher at
T1, T2 and T3 than at T0 (p < 0.0001 for all). There was no
signiﬁcant difference in IOP between T0 and T4 (p > 0.99).
The IOP was higher at T3 than at T1 (p = 0.045), but there was
no signiﬁcant difference in IOP between T1 and T2 (p = 0.05)
and between T2 and T3 (p > 0.99). The IOP was higher than

IOP after adjustment of SBP and EtCO2 .
MD

95% CI

p-value

-2.1
-0.32
-7.7
-0.15
-0.006

-4 to -0.29
-2.09 to 1.45
-9.66 to -5.75
-0.33 to 0.03
-0.06 to 0.05

0.027
0.72
< 0.001
0.098
0.82

T1, 30 minutes after Trendelenburg position; T2, 90 minutes
after Trendelenburg position; T3, 150 minutes after Trendelenburg position; T4, 30 minutes after assuming supine position;
MD, mean difference; CI, conﬁdence interval; EtCO2 , end-tidal
CO2 ; SBP, systolic blood pressure.

30 mmHg in three patients (3/21 or 14.3%), but lower than
35 mmHg in all patients during surgery. The mixed-effects
multivariate regression analysis indicated that the results
did not change when adjusted for the inﬂuence of the systolic blood pressure and end-tidal carbon dioxide (Table 2).
No ocular complications such as blindness, narrowing of the
visual ﬁeld, or impaired visual perception were reported in
the ﬁrst three months postoperatively.

Discussion
The study ﬁndings showed that IOP increased approximately
by 5 mmHg 30 minutes after assuming the Trendelenburg
position. This IOP increase leveled off 90 minutes after the
Trendelenburg position was assumed, at a value of approximately 7 mmHg higher than that at baseline. The IOP at
30 minutes after reassuming the supine position was at the
same level as before anesthesia induction.
Previous studies have showed that IOP increases timedependently after Trendelenburg positioning.4,5 The present
study revealed a similar result when comparing T0 with other
time points, but there was no signiﬁcant difference in IOP
between 90 minutes and 150 minutes after assuming the
Trendelenburg position. Although IOP was higher at 150 minutes than at 30 minutes after Trendelenburg positioning, the
IOP difference between the two timepoints was small. These
ﬁndings suggest that the magnitude of the IOP increase is the
620
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largest in the ﬁrst 30 minutes and plateaus after 90 minutes.
To avoid ocular complications, it may be effective to pay
attention to the IOP increase, especially up to 90 minutes
after the Trendelenburg position.
We showed that IOP at 30 minutes after reassuming the
supine position returned to the same level as that before
anesthesia induction. This ﬁnding suggests that when the
IOP is too high, a return to the supine position may be
effective in avoiding further increases in IOP and reducing ocular complications. A previous study showed that the
administration of continuous infusion of dexmedetomidine
to a patient undergoing laparoscopic surgery in the Trendelenburg position is a valuable method for attenuating the
increase in IOP.6 Another report showed that continuous
deep neuromuscular blockade may improve surgical conditions and facilitate RALP at a low intra-abdominal pressure,
resulting in signiﬁcant attenuation of IOP increase.7 However, these studies were designed to administer drugs from
the beginning, and it is unknown whether the same effect
can be obtained if the drugs were used after elevation in
IOP. Additional research on improving IOP during surgery
is required. In the other study, dorzolamide hydrochloridetimolol maleate drops signiﬁcantly reduce elevated IOP of
patients who undergo laparoscopic, robotic surgery in the
Trendelenburg position.8 The medication reduces IOP by
decreasing the production of aqueous humor by inhibition of
carbonic anhydrase II in the ciliary processes and by direct
action on ␤2 adrenergic receptors in the ciliary processes.9
It may be useful in the case of high intraoperative IOP, but
it cannot be used for patients with bronchial asthma and
chronic obstructive pulmonary disease due to beta-blocking
action.
IOP is expressed as a division of aqueous humor production by the facility of outﬂow plus episcleral vein
pressure.10,11 The most inﬂuential factor contributing to IOP
is the capacity for outﬂow from the vein. The increase in
episcleral vein pressure does not increase IOP as much as
it reduces the outﬂow capacity. In patients with glaucoma,
the capacity for outﬂow is reduced, and in some patients,
it approaches zero. In these cases, the IOP increases to a
high degree.10 However, in cases with normal vein outﬂow,
it is considered rare for IOP to exceed 35 mmHg even if the
upper scleral venous pressure increases to 20 mmHg. In the
present study, patients with glaucoma were excluded, and it
was assumed that patients had a normal facility for outﬂow;
none of the patients showed an IOP of 35 mmHg or higher.
We believe that the main cause of IOP increase during RALP is the increase in central venous pressure that is
related to episcleral vein pressure3 and reduction in venous
drainage.12 The increase in airway pressure caused by the
Trendelenburg position, positive end expiratory pressure,
and pneumoperitoneum pressure leads to an increase in central venous pressure in theory, but this increase is expected
to be limited. A previous study showed that central venous
pressure increased in the ﬁrst 5 minutes after assuming
Trendelenburg position, and in the next hour it decreased
modestly.13
The present study has several limitations. First, there
was a relatively high IOP recorded at baseline (18.3 mmHg).
The mean (standard deviation) intraocular pressure in the
Japanese population is reported to be 14.5 (2.5) mmHg.14
The exact reason for the relatively high IOP was unclear,

but it may be due to the nature of the tonometer used
(i.e., Icare PRO® ). Previous research showed that the IOP
measured was higher when using the Icare PRO® tonometer than when using the Goldmann applanation tonometer,
although there was a strong correlation between the IOP
measured by the two tonometers.15 Second, there is no evidence of a direct causal relationship between high IOP and
ocular complications. It is unknown how much IOP inﬂuences
the optic nerve and how long a patient can withstand the
Trendelenburg position. Additional research on this subject
is therefore required. Third, several studies reporting IOP
changes during RALP have been published, and the novelty
of our ﬁndings may be limited. Nevertheless, we believe
that our ﬁndings are useful for conﬁrming the reproducibility of previous ﬁndings in other populations. Future studies
should now focus on measures to prevent or mitigate the IOP
increase during RALP.

Conclusions
The Trendelenburg position during RALP leads to high IOP.
The IOP increased after assuming the Trendelenburg position, and the magnitude of IOP increase became moderate
90 minutes after assuming the Trendelenburg position. The
IOP at 30 minutes after reassuming the supine position was
at the same level as that before the induction of anesthesia.
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