
lable at ScienceDirect

Prostate Int 5 (2017) 135e138
Contents lists avai
Prostate International

journal homepage: https: / /www.journals .e lsevier .com/prostate- internat ional
Original Article
Effects of 25- and 30-degree Trendelenburg positions on intraocular
pressure changes during robot-assisted radical prostatectomy

Masatomo Nishikawa*, Hiromitsu Watanabe, Tomofumi Kurahashi
Department of Urology, Seirei Mikatabara Hospital, Kita-ku, Hamamatsu, Japan
a r t i c l e i n f o

Article history:
Received 10 February 2017
Received in revised form
24 March 2017
Accepted 30 March 2017
Available online 7 April 2017

Keywords:
Intraocular pressure
Prostate cancer
Robot-assisted radical prostatectomy
Trendelenburg position
* Corresponding author. Department of Urology, Sei
Mikatabara-cho, Kita-ku, Hamamatsu 433-8558, Japa

E-mail address: masatomonishikawa@gmail.com (

http://dx.doi.org/10.1016/j.prnil.2017.03.008
p2287-8882 e2287-903X/© 2017 Asian Pacific Prosta
creativecommons.org/licenses/by-nc-nd/4.0/).
a b s t r a c t

Background: The objective of this study was to assess the effects of 25-degree and 30-degree Trende-
lenburg positions on intraocular pressure (IOP) changes during robot-assisted radical prostatectomy
(RARP).
Materials and methods: This prospective study involved a total of 30 consecutive patients undergoing
RARP. All participants were randomly divided into two groups: Trendelenburg position with the head
down at 25 degrees or 30 degrees. In addition to representative operative outcomes, IOP was measured
at six discrete time points; Time 1 (T1): before induction of general anesthesia, patients in a horizontal
supine position; T2: after induction of general anesthesia, patients in a horizontal supine position; T3:
1 hour after adopting the Trendelenburg position; T4: 2 hours after adopting the Trendelenburg position;
T5: after pneumoperitoneum resolution in the Trendelenburg position; T6: anesthetized before awak-
ening in a supine position.
Results: The total and console operative times, estimated blood loss, and intravenous fluid intake during
RARP did not significantly differ between the two groups. While the IOP values measured at the same
time points were similar between the two groups, the 25-degree Trendelenburg position significantly
attenuated the IOP change from T1 to T3, T4, and T5 compared with those at 30 degrees.
Conclusions: These findings suggest that RARP in the 25-degree Trendelenburg position may reduce the
risks of position-related ophthalmic complications without increasing the difficulty of the surgical
procedure.
© 2017 Asian Pacific Prostate Society, Published by Elsevier Korea LLC. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Prostate cancer remains the most common urologic malignancy
and the second leading cause of cancer death among men in
developed countries.1 Due to the widespread use of prostate-
specific antigen (PSA) tests, prostate cancer is increasingly being
diagnosed in its initial stages, and radical prostatectomy (RP) is one
of the most definitive treatment options for clinically localized
disease.2 In recent years, the introduction of robotic technology has
markedly revolutionized the surgical management of prostate
cancer. Compared with traditional open RP, the advantages of
robot-assisted RP (RARP) are: a reduction of the estimated blood
loss during surgery, fewer complications, better functional out-
comes, and a shorter hospital stay.3
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Despite many advantages of RARP, this procedure causes some
concerns related to the patient's position during surgery. For
example, RARP requires the patient to be placed in the steep
Trendelenburg position (head down at 30e45 degrees) with the
use of a pneumoperitoneum, which has a significant impact on the
circulatory system, leading to limb neuropraxia, facial edema, and
several ophthalmic complications.4 Of these, ischemic optic neu-
ropathy is rare, but is one of the most devastating complications
mainly due to an increased intraocular pressure (IOP).4e7 The
Trendelenburg position allows better access to the prostate as
gravity pulls the abdominal viscera away from the pelvis,8 there-
fore, it is anticipated that increasing the degree of Trendelenburg
tilt will ensure a better surgical view, but it will lead to an
increasing IOP. However, to the best of our knowledge, there have
been no reports addressing the effect of the difference in angle of
the Trendelenburg position on IOP change during RARP.

Considering these findings, we prospectively assessed the ef-
fects of 25-degree and 30-degree Trendelenburg positions on
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Table 1
Comparison of baseline characteristics between the two groups.

A: 25-degree
Trendelenburg

position (n ¼ 15)

B: 30-degree
Trendelenburg
position (n¼ 15)

P

Median age, years (range) 66 (58e75) 65 (55e77) 0.31
Median BMI, Kg/m2 (range) 23.0 (19.7e28.0) 25.0 (19.4e34.4) 0.18
Median PSA, ng/mL (range) 6.0 (4.1e38.0) 7.0 (4.3e22.5) 0.69
Clinical stage, No. (%) 0.74
cT1c 1 (6.7) 2 (13.3)
cT2a 8 (53.3) 6 (40.0)
cT2b 2 (13.3) 4 (26.7)
cT2c 2 (13.3) 2 (13.3)
cT3a 2 (13.3) 1 (6.7)

Gleason score at biopsy,
No. (%)

0.41

6 1 (6.7) 2 (13.3)
7 10 (66.7) 12 (80.0)
8 2 (13.3) 1 (6.7)
9 2 (13.3) 0 (0.0)

D' Amico risk classification,
No. (%)

0.20

Low 1 (6.7) 1 (6.7)
Intermediate 10 (66.7) 11 (73.3)
High 4 (26.7) 3 (20.0)

BMI, body mass index; PSA, prostate-specific antigen.
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several perioperative variables, mainly focusing on IOP change
during RARP in one institution.

2. Materials and methods

From April 2013 to November 2013, a total of 30 consecutive
men were scheduled for RARP at our institution. The study design
was approved by the Research Ethics Committee of our institution
and informed consent for performing the present study was ob-
tained from all of the included patients. In this study, one surgeon
performed the 30 RARPs in a standard fashion, using the DaVinci
system (Intuitive Surgical, Sunnyvale, CA, USA). The original sur-
gical method used for RARP was previously reported by Patel et al.9

Patients with pre-existing glaucoma, retinal vascular diseases, and
a history of eye surgery were excluded. The 30 participants were
randomly divided into two groups: Trendelenburg position with
the head down at 25 degrees and Trendelenburg position with the
head down at 30 degrees. During pneumoperitoneum, intra-
abdominal pressure was maintained at 12 mm Hg, using carbon
dioxide for insufflation. Throughout surgery, the anesthesia pro-
tocol was standardized for the drugs used; propofol and droperidol
were used for sedation, remifentanil and fentanyl were used for
analgesia, and rocuronium was used for muscular relaxation. The
lungs were mechanically ventilated and we maintained ETCO2 at
30e40 mm Hg. All IOP measurements were performed by the
trained ophthalmologists in our institute using a Tono-pen XL
handheld tonometer (Medtronic, Jacksonville, FL, USA).

Preoperatively, the patient age, body mass index (BMI), serum
PSA at diagnosis, clinical tumor stage, Gleason score at biopsy, and
D'Amico risk group10 were recorded. During RARP, IOP was recor-
ded at six discrete time points; Time 1 (T1): before induction of
general anesthesia, the patient in a horizontal supine position; T2:
after induction of general anesthesia, the patient in a horizontal
supine position; T3: 1 hour after adopting the Trendelenburg po-
sition with the head down at 25 degrees or 30 degrees; T4: 2 hours
after adopting the Trendelenburg position with the head down at
25 degrees or 30 degrees; T5: after pneumoperitoneum resolution
in the Trendelenburg position; T6: anesthetized before awakening
in a supine position. Other operative parameters including the total
and console operative times, estimated blood loss, and intravenous
fluid volume were also measured.

All statistical analyses were performed using Statview 5.0 soft-
ware (Abacus Concepts, Berkeley, CA, USA), and P values < 0.05
were considered significant. Differences in several parameters be-
tween the two groups according to the Trendelenburg position
were compared using an unpaired t test or the Chi-square test.

3. Results

Table 1 shows the preoperative baseline clinicopathological
characteristics of the 30 men analyzed in this study. The median
patient age was 66 years (58e75 years) and 65 years (55e77 years)
and BMI was 23.0 kg/m2 (19.7e28.0 kg/m2) and 25.0 kg/m2

(19.4e34.4 kg/m2) in the 25-degree and 30-degree Trendelenburg
positions, respectively. No significant difference was found be-
tween the two groups in the patient age (P¼ 0.31) or BMI (P¼ 0.18).
Similarly for other parameters representing the tumor character-
istics, there was no difference in PSA at the diagnosis (P¼ 0.69),
clinical tumor stage (P¼ 0.74), Gleason score at biopsy (P¼ 0.41), or
D'Amico risk group (P¼ 0.20) between the two groups.

Table 2 lists the effects of the 25-degree and 30-degree Tren-
delenburg positions on several operative variables. The total
(P¼ 0.16) and console (P¼ 0.13) operative times, estimated blood
loss (P¼ 0.77), and intravenous fluid intake (P¼ 0.54) during RARP
did not significantly differ between the two groups. No patient
received blood transfusion during surgery and there were no
complications relatedwith bowel injuries. IOPmeasurement results
in the two groups are also shown in Table 2. Before the induction of
general anesthesia, median IOP values were 19 mmHg and
17 mmHg in the 25-degree and 30-degree Trendelenburg positions,
respectively. As shown in Table 2, significant time-dependent in-
creases in IOP were observed in both the 25-degree and 30-degree
Trendelenburg positions; however, the IOP values measured at the
same time points were similar between the two groups.

We then evaluated median changes from baseline (T1) IOP in
the 25-degree and 30-degree Trendelenburg position groups. There
were time-dependent increases in IOP changes from T1 when
placed in the Trendelenburg position in the two groups (T3eT5);
however, slight IOP changes were observed in the 25-degree
Trendelenburg position as compared with those of the 30-degree
Trendelenburg position at T3, T4, and T5 (Fig. 1). In this study, no
severe ocular complications were found at the final examination.

4. Discussion

For a long time, open RP has represented the most widely
accepted surgical procedure to eradicate clinically localized pros-
tate cancer. As an alternative to traditional RP, laparoscopic RP was
first performed by Schuessler et al11 in 1997 and further developed
and subsequently refined by Guillonneau and Vallancien12 as
minimally invasive surgery. Laparoscopic RP had marked strengths
including a smaller incision, less surgical site infection, less blood
loss, less postoperative pain, and a shorter hospital stay. However,
due to the long learning curve resulting from the loss of haptic
feedback, natural hand-eye coordination, and dexterity, laparo-
scopic surgery has not completely supplanted the open approach.3

Robotic surgery was developed to overcome these limitations of
laparoscopic RP, and since its inception in 2001, RARP has rapidly
become a predominant procedure for the surgical treatment of
localized prostate cancer in the world. Although they lead to fewer
overall complications, a quicker convalescence, and improved po-
tency and continence outcomes, complications of these procedures
have been described with the dissemination of minimally invasive
RPs. Of these, complications relating to the positioning of the pa-
tient have been some of the most discussed issues to date, both in
laparoscopic RP and RARP.



Table 2
Effects of 25-degree and 30-degree Trendelenburg positions on several operative variables.

Median total operative time, min (range) 303 (225–424)

A: 25-degree
Trendelenburg position 
(n = 15)

B: 30-degree
Trendelenburg position 
(n = 15)

P

282 (235–350) 0.16

Median console operative time, min (range) 252 (171–329) 229 (175–277) 0.13

Median estimated blood loss, mL (range) 113 (10–750) 138 (10–1000) 0.77

Median intravenous fluid volume, mL (range) 2200 (1800–3000) 2000 (1800–3200) 0.54

Median IOP, mm Hg (range)

T1 19 (16–24) 17 (11–22)

T3

T4

T5

T6

13.5 (10–19) 13 (5–19)

24 (18–42) 28 (21–41)

28 (18–45) 28 (22–42)

31 (22–39) 30 (21–49)

0.064

T2

20 (14–32) 17 (9–31)

0.16

0.40

0.35

0.52

0.088

IOP, intraocular pressure; Tx, discrete time point.
*P < 0.05; **P < 0.01.
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Fig. 1. Change in intraocular pressure (IOP) compared with Time 1 (T1). The six discrete time points are as follows: T1: before induction of general anesthesia, the patient in a
horizontal supine position; T2: after induction of general anesthesia, the patient in a horizontal supine position; T3: 1 hour after positioning in the Trendelenburg position with the
head down at 25 degrees or 30 degrees; T4: 2 hours after positioning in the Trendelenburg position with the head down at 25 degrees or 30 degrees; T5: after pneumoperitoneum
resolution in the Trendelenburg position; T6: anesthetized before awakening in a supine position. Bars indicate standard deviation. * Significant difference in IOP change at each
time point between the 25-degree and 30-degree Trendelenburg positions (P < 0.05).
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RARP requires patients to be placed in a steep Trendelenburg
position, which is typically defined as a greater than 30-degree tilt
of the bed below horizontal, with the head in the lowest position.8

The Trendelenburg position was initially described by a pioneering
German surgeon, Freidrich Trendelenburg, in the mid-19th century,
and this position has been commonly used to cause the bulk of
abdominal viscera to slide toward the diaphragm, providing a more
favorable operative field for lower abdominal and pelvic proced-
ures. With the popularization of the Trendelenburg position, many
studies have revealed significant negative physiologic effects of this
head-downposition, particularly whenmaintained for long periods
of time.4 In RARP as well, several complications ranging from mild
subcutaneous emphysema to devastating ischemic optic neuropa-
thy related to prolonged exposure to the steep Trendelenburg po-
sition have been reported.4,8

The steep Trendelenburg position during RARP increases IOP,6

and an elevated IOP decreases the perfusion pressure to the optic
nerve,13 which can lead to increased risks of ischemic optic neu-
ropathy and visual loss. Despite theoretical posture-related con-
cerns, the impact of steep Trendelenburg on ocular injuries appears
to be applicable to a broad range of patients undergoing RARP. For
example, Hoshikawa et al7 conducted a prospective study to
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evaluate the effect on the visual function of RARP patients by
increased IOP, and concluded that steep Trendelenburg positioning
within 5 hours poses little or no risk from IOP increases in patients
without pre-existing ocular disease. Meanwhile, Wen et al4 also
reported that rates of ocular complications in nonrobotic RP (0.22%)
are comparable with those in RARP (0.17%, P¼ 0.110), and discussed
that visual complications following RP were because of prolonged
surgical time and/or excessive blood loss. These findings may
suggest that some of the previously described serious ocular con-
sequences during minimally invasive RP did not result from the
increased IOPmainly due to the steep Trendelenburg position itself.
However, no study has investigated the effect of the difference in
angle of the Trendelenburg position on IOP change during RARP
along with several operative variables such as the duration of sur-
gery and intraoperative blood loss. Therefore, we conducted a
single-center, prospective, randomized controlled study with the
aim of evaluating the effects of 25-degree and 30-degree Trende-
lenburg positions on IOP change along with several representative
operative variables.

In this series, a total of 30 participants were randomly divided
into two groups: Trendelenburg position with the head down at
25 degrees, and Trendelenburg position with the head down at 30
degrees. On comparing the two groups, there were no significant
differences in preoperative baseline characteristics. In addition, we
found no significant difference in several operative variables
including the total and console operative times, and estimated
blood loss between the 25-degree and 30-degree Trendelenburg
positions. These outcomes were inconsistent with the anticipated
results, because we hypothesized that increasing the degree of
Trendelenburg tilt would ensure a better surgical view, leading to a
shorter surgical time and reduced blood loss. These findings sug-
gest that the 25-degree Trendelenburg position can offer excellent
endoscopic views and surgical outcomes compared with those of
the 30-degree Trendelenburg position. The effects of the 25-degree
and 30-degree Trendelenburg positions on IOP at six discrete time
points were also analyzed. As shown in Table 2, IOP significantly
increased time-dependently after Trendelenburg positioning in
patients undergoing RARP in both groups (T3eT5). These findings
agreed with previous series.6 For example, Awad et al6 suggested
that the IOP increase in the steep Trendelenburg position is time-
dependent, and on average, an increase of 0.05 mmHg in IOP per
minute was observed while patients were in the Trendelenburg
position. We then calculated the change in IOP compared with T1,
and we found that the 25-degree Trendelenburg position signifi-
cantly attenuated the elevation of IOP from baseline values in
comparisonwith the 30-degree position. Collectively, despite being
an important issue, there is no definitive evidence showing the
correlation between the IOP change and postoperative visual
function; however, we believe that the 25-degree Trendelenburg
position RARP can reduce the risk of catastrophic ophthalmologic
complications after RARP without prolonging the operative time
and/or increasing blood loss during surgery, as compared with the
30-degree Trendelenburg position.

There are several limitations of the present study. Firstly, this
study included a relatively small number of patients and lacked
information on major determinants of IOP, such as aqueous humor
flow and the central venous pressure; thus, further analysis with
larger prostate cancer cohorts evaluating position-related factors
obtained during surgery is needed to draw a definitive conclusion.
In addition, if the IOP values at a steep Trendelenburg position
before and after intraperitoneal insufflation were measured, this
would provide a comprehensive explanation of the effect of the
difference in the angle of the Trendelenburg position on IOP change
during RARP, considering that pneumoperitoneum has been pre-
viously shown to increase IOP.14 Secondly, we failed to identify
clinical factors significantly influencing IOP at each time point
during RARP, hence, it would be of worth to find such factors to
avoid potential visual complications following RARP. Thirdly, this
study compared the effects of only 25-degree and 30-degree
Trendelenburg positions on IOP; therefore, there might be a crit-
ical angle, such as 20 degrees, which offers excellent surgical out-
comes and mitigates IOP change during RARP. Finally, this study
focused on IOP change during RARP alone; however, we should
assess other position-related complications such as pharyngeal and
laryngeal edema, in order to confirm the safety and feasibility of
RARP in the 25-degree Trendelenburg position.

In conclusion, this is the first randomized study to assess the
effects of the 25-degree and 30-degree Trendelenburg positions on
several perioperative variables, mainly focusing on IOP change
during RARP. Representative surgical outcomes in the 25-degree
Trendelenburg position were comparable with those at 30 de-
grees. Furthermore, the 25-degree Trendelenburg position signifi-
cantly attenuated the elevation of IOP from the baseline in
comparison with 30 degrees. Although no ocular complication was
observed, these findings suggest that RARP in the 25-degree
Trendelenburg position may reduce the risks of position-related
ophthalmic complications without increasing the difficulty of the
surgical procedure.
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