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Abstract
With the increasing popularity, frequency, and acceptance of the robotic-assisted laparoscopic radical prostatectomy proce-
dure, an awareness of unique intra- and postoperative complications is heightened, including that of increases in intraocular 
pressure. The steep Trendelenburg positioning required for operative exposure has been shown to increase this value. While 
the literature is infrequent and undeveloped, certain anesthetic parameters including deep neuromuscular blockade, modified 
positioning, and the use of dexmedetomidine have been shown to have mild-to-modest decreases in intraocular pressure for 
baseline. In the four randomized control trials and four observational studies that were found via PubMed/Medline search, 
the aforementioned techniques demonstrate some preliminary evidence of operative considerations in this unique patient 
population. These modifications may prove to have even greater significance in patients with pre-existing ophthalmologic 
pathologies, such as glaucoma, which were excluded from the studies’ analyses. This review summarizes the early literature 
obtained in this subject, with the intent of emphasizing the initial hypotheses and identifying areas for future study.
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Introduction

Robot-assisted laparoscopic radical prostatectomy (RALRP) 
has been increasingly used since 2000 when Menon et al. [1] 
performed it for the first time in the United States. It has been 
shown that patients who undergo RALRP rather than open 

radical prostatectomies have superior adjusted perioperative 
outcomes, such as decreased likelihood of blood product trans-
fusion and experiencing an intraoperative and postoperative 
complications [2]. Combining the decreased time and favora-
ble outcomes, RALRP has become the preferred technique for 
prostate removal, being utilized for 85% of prostatectomies [3].

This procedure requires several different positions and 
conditions to facilitate operative exposure. After the ini-
tial supine position, the patient is placed in the lithotomy 
position, pneumoperitoneum is created through abdominal 
insufflation, and then steep Trendelenburg (ST) position 
for access and visualization of the prostate. This triad of 
lithotomy, pneumoperitoneum, and ST can cause hemody-
namic consequences including increased intraocular pres-
sure which may compromise ocular perfusion.

Intraocular pressure (IOP) is regulated by aqueous humor 
production, aqueous humor elimination, auto-regulation and 
control of choroidal blood volume, vitreous humor volume, 
and extraocular muscle tone [4]. Volatile anesthetic agents 
cause a reduction in IOP by decreasing aqueous humor 
production and relaxing the extraocular muscles [4]. This 
response is counteracted when a patient is in the ST posi-
tion, leading to increased IOP. Combining this position with 
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the possibility of anemia due to significant blood loss, may 
increase the risk of ischemic optic neuropathy.

In this review we examine the current literature for studies 
on intraocular pressure in the steep Trendelenburg position.

Methods

We conducted a PubMed/MEDLINE search for studies using 
the terms “intraocular pressure” and “Trendelenburg”. Case 
reports and editorials were excluded. Attention was given 

to the literature published in the last 5 years and studies 
which examined intraocular pressure during RALRP. Of 38 
identified studies, 1 was excluded due to unavailability in 
English language, 2 case reports were excluded, 12 articles 
were not related to intraocular pressure or Trendelenburg 
positioning. Due to a variation in degree of Trendelenburg 
with laparoscopic and gynecologic procedures, these were 
also excluded. Of the eight studies identified which met the 
inclusion criteria of patients undergoing RALPR, four were 
randomized controlled trials [5–8] and four were prospective 
observational (Fig. 1) [9–12].

The studies included for review are listed in Table 1 and 
in the References. All chose patients who were undergoing 
RALPR. Common exclusion criteria included patient fac-
tors independently associated with increased IOP. These 
criteria included baseline IOP > 30 mmHg, body mass index 
(BMI) > 30–40 kg/m2, current ophthalmologic disease includ-
ing glaucoma, and previous ophthalmologic surgery. BMI was 
chosen due to its association with increased IOP as shown by 
Cohen et al. [13] and Wygnanski-Jaffe et al. [14] Uncontrolled 
hypertension was an exclusion criterion in a few studies [5, 
8] possibly due to the association between hypertension and 
increased IOP [15]. From the studies included for review, 
mean age of patient ranged between 54.1 and 66.1 years and 
mean BMI ranged between 23.6 and 29.5 kg/m2.

All the patients had intraocular pressures taken at 
baseline while in the supine position, immediately before 
or after induction of anesthesia (Table 2). Raz was the 
only study to take the first measurement after induction 
of anesthesia and consequently has a baseline measure-
ment much lower at 10 mmHg than the rest of the studies 
which showed an average baseline IOP of 15.6 mm Hg [6]. 

8 Ar�cles examined IOP in RALRP
4 Randomized Controlled 

Trials
4 Prospec�ve Observa�onal 

Studies

37 English language ar�cles screened

38 Ar�cles iden�fied

Fig. 1   Study selection. Of the 38 articles identified via PubMed 
search, only eight were available in the English language and studied 
intraocular pressure (IOP) in robot-assisted laparoscopic radical pros-
tatectomies (RALRP)

Table 1   Demographic data

Sample size, mean age and body mass index (BMI) for the studies of interest
IOP Intraocular pressure, ST steep Trendelenburg, NMB neuromuscular blockade, Sevo sevoflurane
a Unknown

Study No. of patients Age (mean) BMI (mean)

Yoo (moderate NMB-ST) [5] 32 63.9 24.4
Yoo (deep NMB-ST) [5] 34 61.5 23.6
Raz (modified ZT) [6] 29 64.9 27.3
Raz (ST) [6] 21 63.7 27.9
Kim (ST-Precedex) [7] 34 61.6 24.0
Kim (ST) [7] 34 61.9 24.6
Yoo (ST-Sevo) [8] 33 65.1 24.1
Yoo (ST-Propofol) [8] 33 64.7 24.2
Mondzelewski (supine, open) [9] 12 54.1 29.5
Mondzelewski (ST) [9] 18 57.4 26.7
Mondzelewski (supine, laparoscopic) [9] 9 48 27.8
Taketani (observational) [10] 25 64 24
Hoshikawa (ST)-(observational) [11] 31 66.15 a

Awad (ST)-(observational) [12] 33 61.5 (med) 28 (med)
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Measurements were conducted with a Tono-Pen hand held 
tonometer. After baseline data were obtained, measure-
ments were conducted at various time intervals throughout 
the procedure. We reviewed IOP measurements after 1 h 
in the ST position during laparoscopy since this was a 
measurement available in all studies.

Results

The results of the examined studies are seen in Table 2 and 
represented graphically in Fig. 2. All eight studies showed 
that ST position led to a statistically significant increase in 
IOP after 1 h. The four randomized controlled trials showed 
that increased IOP was attenuated using specific medication 
and position interventions. Yoo demonstrated that propo-
fol-based total intravenous anesthetic causes an attenua-
tion of IOP when compared to a sevoflurane-based inhaled 
anesthetic [8]. The propofol group received a remifentanil 

Table 2   Perioperative outcomes

Summarized baseline intraocular pressures with comparisons to values 1  h after steep Trendelenburg positioning. Operative outcomes are 
included
IOP intraocular pressure, ST steep Trendelenburg, EBL estimated blood loss, NMB neuromuscular blockade, Sevo sevoflurane, ss statistically 
significant
a Unknown

Baseline IOP 
(mmHg)

IOP after 1 h in ST EBL cc (mean) Operation time (mean) Fluids (ml)

Yoo (moderate NMB) [5] 15 23.3 (ss) 467 115 1210
Yoo (deep NMB) [5] 15 19.8 (ss) 416 111 1316
Mondzelewski (supine, open) [9] 15.3 19.04 291 (ss) a a

Mondzelewski (ST) [9] 13.7 30.1 617 (ss) a a

Mondzelewski (supine, laparoscopic) [9] 14.1 22.7 112 (ss) a a

Taketani (observational) [10] 14.9 25 267 318 1733
Raz (modified ZT) [6] 10.8 19.5 (means were SS) 260.7 184 1487.5
Raz (ST) [6] 10.0 23.5 297.1 187 1454.8
Kim (ST-Precedex) [24] 15 19.9 (ss) 338 126 1646
Kim (ST) [7] 15 25.7 (ss) 388 137 1753
Yoo (ST-Sevo) [8] 17.5 23.5 (ss) after 30 min 431 105 (med) 1558
Yoo (ST-Propofol) [8] 17.9 19.9 (ss)-after 30 min 415 92 (med) 1485
Hoshikawa (ST)-(observational) [11] 17.94 21.55 (ss) 364 274.2 a

Awad (ST)-(observational) [12] 15.7 25.2 (ss) 80 (med) 68 (time in ST) med 2000 (med)

Fig. 2   Schematic of mean dif-
ferences. In relative configura-
tions, the increase in mean 
intraocular pressure at 1 h of 
steep Trendelenburg position 
compared to baseline is shown. 
TIVA = total intravenous anes-
thetic. The studies are divided 
based on anesthetic variables of 
interest

10 mm Hg 15 20 30

Yoo et al. Moderate NMB

Yoo et al. Deep NMB
Modzelewski et al. Supine

Modzelewski et al. Steep Trendelenberg.

Modzelewski et al. Supine laparoscopy

25

Raz et al. Modified Z position.

Raz et al. Steep Trendelenberg.

Kim et al. Dexmedetomidine.

Kim et al. Inhaled Anesthetics.

Yoo et al. Sevoflurane.
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infusion and a propofol infusion using a target-controlled 
infusion system to maintain an effect site concentration of 
2–5 μg/ml. The sevoflurane group used a remifentanil infu-
sion and sevoflurane with the concentration maintained at 
1.5–2.5%.

A similar medication-related attenuation in IOP was 
found in the study by Kim which found that patients treated 
with dexmedetomidine had an attenuation in IOP [7]. The 
experimental group had a dexmedetomidine infusion run-
ning at 0.4 μg/kg/h in addition to the inhaled anesthetic that 
was used in the control group. After 1 h in ST position the 
group receiving dexmedetomidine had an average IOP of 
6 mm Hg less than the control group.

Yoo et al. found the depth of neuromuscular blockade 
(NMB) made a difference in intraoperative IOP [5]. The 
moderate NMB group received an atracurium infusion to 
maintain a train of four count of 1–2. The deep NMB group 
utilized a rocuronium infusion to maintain a post-tetanic 
count of 1–2. The moderate NMB group had a higher IOP 
when compared to the deep NMB group after 1 h in ST 
position.

Of the randomized controlled trials, Raz et al. investi-
gated a modification of head position while in ST [6]. The 
modified Z position consisted of placing the patient in ST 
and then positioning the head and shoulders horizontally. 
This change in position of the head and shoulders showed 
statistically significant decrease in IOP when compared to 
patients in standard ST position.

Among the four observational studies, Mondzelewski 
was the only prospective observational study with multi-
ple cohorts: anesthetized patients in the supine position, 
anesthetized patients in the ST position, and anesthetized 
patients undergoing laparoscopy in the supine position [9]. 
This three-arm study demonstrated the isolated contribu-
tion to increased IOP due to laparoscopy alone. This finding 
indicates that the increase in IOP seen in patients undergoing 
RALPR has a contribution from the ST position as well as 
from the laparoscopic component of the procedure.

There were only two studies which correlated intraopera-
tive changes in IOP with postoperative ophthalmologic clini-
cal outcomes. Taketani showed of 25 patients who under-
went RALRP, all had a statistically significant increase in 
IOP after 1 h in the ST position [10]. Of the 25 patients, 
seven subjects had local visual field defects in the lower 
hemi-field when taking the Glaucoma Hemifield Test. Inter-
estingly, the subjects were not aware of any deficits and they 
all resolved when tested again 3 months after surgery. Hoshi-
kawa also examined visual acuity using a Snellen chart [11]. 
Despite all 31 patients exhibiting an increase in intraopera-
tive IOP, no visual changes were detected.

Total estimated blood loss and intravenous fluids admin-
istration were recorded in almost all the studies to account 
for changes in venous pressure due to volume status. These 

data were important to control for since venous pressure is 
directly correlated with intraocular pressure. Only Taketani 
reported the mean arterial pressure which is also a risk fac-
tor for posterior ischemic optic neuropathy [10]. The only 
study to examine end tidal carbon dioxide (ETCO2) and its 
relationship to IOP was Awad et al. [12]. Awad used univari-
ate mixed effect models to show that ETCO2 and surgical 
duration were the only significant predictors of increased 
IOP while in ST position.

Discussion

Patients undergoing RALRP are at risk for increased intrac-
ranial pressure [16, 17], mean arterial pressure [18], central 
venous pressure [18], and expiratory airway pressure [19] 
which can occur during laparoscopy and positioning in the 
ST position. While the some of these variables can be man-
aged with medications and ventilator settings, intraocular 
pressure is not routinely measured and can lead to sequelae 
which are undetected until after emergence from anesthesia 
[20]. Laparoscopy alone is a risk factor for increased IOP 
due to increased intraabdominal pressure [21]. When com-
bined with the ST position, IOP can rise to levels which may 
compromise ocular perfusion and cause postoperative visual 
loss [22]. Use of vasopressors to maintain OPP in the setting 
of increased IOP is not ideal since these medications can 
cause a reduction in blood flow in the capillary bed of the 
optic nerves, thereby causing ischemic injury [23]. Due to 
this limitation, it is important to find ways to lower the IOP.

Some of the most commonly reported complications 
from RALRP are ileus, abdominal distension, and nausea 
vomiting, with an incidence of less than 2% at some of the 
busier surgical centers for this procedure. Corneal abrasions 
were the most common anesthesia-related complication in a 
review of 1500 cases [25].

The existing literature suggests several variables that can 
attenuate the IOP response that occurs with ST. Even though 
Yoo [8] showed the increase in IOP to be less with propo-
fol rather than sevoflurane, Gofman et al. [24] and Sator-
Katzenschlager et al. [26] showed no change in intraocular 
pressure in supine patients undergoing propofol or sevoflu-
rane. This suggests that choice of anesthetic agents when a 
patient is supine may not be as pertinent as when the patient 
is in ST. Further research is needed to confirm the impact of 
anesthetic agents on IOP while in ST.

Yoo et  al. showed that deep NMB causes less of an 
increase in IOP when compared to moderate NMB [5]. This 
finding can be explained by greater relaxation of extraocular 
muscles which facilitates aqueous humor drainage [4], and 
better surgical conditions [27, 28] which may correlate with 
decreased insufflation pressure requirements.
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Taketani et  al. showed all the patients had objective 
findings including increased IOP and visual field defects, 
yet none of the subjects reported subjective effects such as 
visual field loss or ocular symptoms [10]. This suggests that 
patients undergoing RALRP may sustain transient visual 
field loss without symptoms.

Awad et al. notably showed not only an increased in 
IOP with ST, but also a direct correlation between IOP and 
ETCO2 [12]. It is postulated that this is due to choroid plexus 
vasodilation from increased arterial CO2. This mechanism 
may also be responsible for the increased IOP seen in the 
supine, laparoscopic cohort of the prospective findings of 
Mondzelewski [9].

No formal guidelines or strategies exist regarding pre-
operative vision screening, perioperative medication, etc., 
for those undergoing RALRP with a known increased 
IOP from baseline or normal range, especially for patients 
expected to be in Trendelenburg position for an extended 
period [29]. It has been suggested that patients with pre-
existing ophthalmologic conditions presenting for robotic 
prostatectomy should obtain ophthalmology consultation 
and likely optical coherence tomography to evaluate reti-
nal thickness. A more thorough assessment of pre-operative 
visual function and anatomy should yield safer and more 
informed risk assessment pre-operative and pre-anesthesia 
evaluations [30].

In addition, though not specific to RALRP, some fea-
tures of general anesthesia have been linked to changes 
in intraocular pressure. While induction agents such as 
propofol, thiopental, and etomidate can reduce IOP by 
25–40%, maintenance agents such as sevoflurane can also 
do so. Short-acting opioids can decrease IOP, though suc-
cinylcholine can increase IOP by 10 mmHg [31]. Some of 
the respiratory/airway factors that can influence intraocu-
lar pressure include direct laryngoscopy, coughing on an 
endotracheal tube, an increase in partial pressure of carbon 
dioxide or decrease in partial pressure of oxygen, as well as 
positive end-expiratory pressure greater than 15 cm H2O 
[32]. Another factor to consider is the relationship between 
age and IOP. The association between IOP and age has 
not been well-established with some studies indicating an 
increase of IOP with age [33] and some studies indicating no 
change [34]. Consequently, it is unknown if management of 
IOP while in ST would change based on age. While younger 
patients may be able to autoregulate ocular perfusion pres-
sure better than older patients, we still recommend the same 
concerns and precautions that would be instituted in the 
older patient population.

The Anesthesia Patient Safety Foundation in 2013 devel-
oped general consensus guidelines and principles to mini-
mize the risk of perioperative visual loss including mini-
mizing surgery duration, keeping the head above the level 
of the heart, including colloid in fluid replacement, though 

some risk factors are harder or impossible to alter male 
gender, obesity, intraoperative exposures and positioning, 
etc. [35]. Periodic hemoglobin measurements are recom-
mended. It may be difficult to best optimize arterial pressure 
and intraocular pressure given patients’ comorbidities, most 
significantly diabetes mellitus, atherosclerosis, hypertension, 
and glaucoma [36].

The Foundation also emphasized the need for more 
detailed and thorough informed consents [33], something of 
which can be extracted to the ophthalmologic complications 
of RALRP. The risk of orbital pain and periorbital edema 
postoperatively should also be explained to the patient as 
part of the informed consent process [29].

Beyond the discussion of the literature, the limitations 
of the analysis include the limited number of studies which 
we found in this review. Of the eight studies, only four were 
conducted in a randomized controlled trial. Each study had 
a small population. Other than the study by Taketani, none 
of the other studies measured accompanying variables such 
as mean arterial pressure which might contribute to altera-
tions in IOP.

Conclusion

The studies reviewed showed a direct association between 
ST and increased IOP. More work is needed to look at 
whether an increase in intraocular pressure is correlated 
with adverse clinical outcomes, especially in patients which 
pre-existing elevated IOP. Until this is done, patients with 
pre-existing ophthalmologic disease may benefit from pre-
operative ophthalmologic consultation, modifying anesthetic 
agents, and position during RALRP. These interventions 
include using propofol-based total intravenous anesthetic, 
deep NMB, use of dexmedetomidine, and a modified ST 
position.
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