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Noninvasive intracranial pressure monitoring via
optic nerve sheath diameter for robotic surgery in
steep Trendelenburg position

Shagun Bhatia Shah, ABSTRACT
Ajay Kumar Bhargava, . . )

Background: Recent reports of increased intracranial pressure (ICP) due to steep
ltee Choudhury Trendelenburg (ST) position causing neurological deterioration, decreased regional
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cerebral oxygen saturation and postoperative visual loss after robotic urological and
gynecological surgeries led us to consider a simple technique of ICP monitoring.
Ours is one of the first instances reported of quantitative noninvasive measurement

New Delhi, India of increase in ICP with ST position by serial measurement of binocular optic

nerve sheath diameter (ONSD) in patients undergoing robot assisted urological
and gynecological oncosurgery. We tested whether ONSD values rose to above
the upper limits of normal and for what length of time they remained elevated.
Materials and Methods: Prospective, randomized, interventional, parallel group,
active control study conducted on 252 American Society of Anesthesiologists | and
Il patients. ONSD was measured using 7.5 MHz linear ultrasound probe in supine
and Trendelenburg positions. Statistics: Student’s 7-test to compare the inter-group
mean ONSD and the repetitive t-test for intra-group analysis. Result: Comparison of
the mean ONSD values of both groups yielded a 2-tailed significance P <0.01 at all
compared time points intra- and post-operatively. In Group-O (open surgery; supine
position), the baseline mean bilateral ONSD was 4.36 mm, which did not show any
statistically significant change throughout open surgery and postoperative period.
On de-docking the robot, 6.2 mm was the mean ONSD value in Group-R (robotic
group) while 4.3 mm was the corresponding value in control Group-O. Conclusion:
ONSD evaluation is a simple, quick, safe, readily available, reliable, cost effective,
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noninvasive, potential standard of care for screening and monitoring of patients
undergoing robotic surgery in ST position.
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INTRODUCTION

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.!"* We frequently noticed conjunctival chemosis
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and edema, postoperative delirium, cognitive dysfunction
and delayed awakening in our patients undergoing robotic
surgery in steep Trendelenburg (ST) position and attributed
these to the raised ICP. Neurological deterioration and visual
loss have been reported post-robot assisted laparoscopic
prostatectomy (RALP). However, in routine clinical
management of patients, [CP monitoring is often excluded
since the standard monitoring methods (ventriculostomy,
dural bolt) are rather invasive. Contraindications like
coagulopathy, high costs, additional patient risk, dedicated
neurosurgeon and prolonged insertion time are also
deterrents. Hence, the demand for more practical,
alternative noninvasive methods for raised ICP detection.
These include cranial computed tomography (time-
consuming), ophthalmoscopic papilledema measurement,
transcranial Doppler ultrasound and sonographic optic
nerve sheath diameter (ONSD) measurement.
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The evaluation of the ONSD is a simple, quick, safe, readily
available, reliable and noninvasive procedure,!"* which is a
potential standard of care in the assessment and monitoring
of patients undergoing robotic surgery in ST position.
Neurosurgical patients develop raised ICP intraoperatively
due to prolonged hours of steep head low position.!”

A dilated optic nerve sheath is indicative of transmission
of increased ICT to the perineural subarachnoid space.
This is especially noteworthy because 7 vivo sonographic
quantification of ONSD along with being noninvasive gives
an impressive resolution of below 0.5 mm. Ours is the first
instance reported of utilizing ONSD for ICP monitoring
in patients undergoing robotic surgery in ST position. Our
null hypothesis was that steep head low position has no
effect on the ONSD. Our trial (registered with the Clinical

Trial Registry of India [CTRI] as NIMORT Trial) has the

following aims and objectives:

1. Quantitative measurement of the increase in ICP with
ST position by serial measurement of binocular ONSD
in patients undergoing robotic surgery keeping patients
undergoing the same surgeries in the supine position
as a control.

2. Study of the rate of return of ONSD toward normal
with resumption of the supine position.

Our null hypothesis was that ST position has no effect on
the ONSD while the alternate hypothesis was that ONSD
changes with steep head low position.

MATERIALS AND METHODS

Ours was a prospective, single blind, parallel group, active-
controlled, single-centric, randomized, interventional study
conducted at Rajiv Gandhi Cancer Institute and Research
Center in the major OT and postoperative ward. The study
is registered retrospectively with the CTRI (Registration
No: CTRI/2014/08/004809 and the date of registration
being 1/08/14). At the time of recruitment, ours being
the first study comparing ONSD in supine and head low
positions we did not have a reference study for sample
size estimation. Our pilot study with 10 patients in each
group gave significant results. To enhance the power (1-f3)
of the study keeping the o or type-1 error as 5%, we
selected a sample size of 126 cases in each group. After
requisite approval of the institutional ethics committee
review board and written informed consent from all
subjects, 252 American Society of Anesthesiologists I and
II patients of either sex, aged between 25 and 70 years
[Table 1] were included in the study. Robot assisted radical
prostatectomy (RALP-54 patients) robot assisted radical
hysterectomy (RRH-68 patients) and robot assisted
radical cystoprostatectomy (4 patients) with ileal conduit/
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neobladder were the urogynecological surgeries performed
using the da Vinci robotic operating system (Intuitive
Surgical Sunnyvale, CA, USA). One hundred and twenty-
six patients undergoing robotic surgery in steep (45°)
Trendelenburg position were included in Group-R while
126 patients who underwent open urogynecological
surgeries in the supine position formed the control
Group-O. Out of 270 patients enrolled, 18 patients
were excluded from the study as per following exclusion
criteria — history of neurological disease, transient
ischemic attack, carotid disease, raised ICP, cerebral edema,
glaucoma, ocular surgery, difficult mechanical ventilation/
decreased vital capacity, lower limb ischemia and docking
interval <2 h or more than 3 h.

Optic nerve sheath diameter (both eyes), ETCO,, heart
rate and mean arterial pressure (MAP) were measured at
following intervals of time in both the groups [Table 2].

We utilized a standardized anesthetic technique utilizing
air-oxygen (40%), end tidal sevoflurane between 1% and
1.5% and a BIS-guided propofol infusion. Goal MAP was
within 20% of baseline while the goal ETCO, range was
fixed at 30-35 mmHg. Fluid was restricted to 1000 ml of
ringers lactate and ephedrine boluses (3 mg) were utilized
as rescue drug to maintain the MAP goal. Core temperature
was kept above 35.5°C using fluid warmer and patient
warming blankets.

Table 1: Demographic Data in Robotic
and Open Surgery Groups

Demographic characteristics Group-R Group-O
Age (years) 57.42 (33-70) 54.7 (29-68)
Sex (male/female) 58/68 61/65
ASA (I/1T) 79/41 70/50
ASA: American Society of Anesthesiologists
Table 2: Time points for serial ONSD
measurement
Time Robotic SX group Open SX group
T1 Preoperative baseline values Same
(20 min postendotracheal intubation
T2 Assumption of ST-position 30 min postintubation
(after docking)
T3 1 h postdocking 90 min postintubation
T4 2 h postdocking 2h3omin
postintubation
Ts On de-docking 3 h postintubation
T6 On supination 3h10min
postintubation
T7 1 h post de-docking 4 h postintubation
T8 2 h post de-docking 5 h postintubation
T9 24 h post de-docking 27 h postintubation

ONSD: Optic nerve sheath diameter; ST: Steep Trendelenburg

Saudi Journal of Anesthesia



Shah, et al.: Optic nerve sheath diameter monitoring in robotic surgery

At 10 min postinduction, a preoperative baseline value was
obtained in both the groups. ONSD reading on assumption
of Trendelenburg position, hourly ONSD charting
thereafter, a reading each at de-docking and supination and
then at one, three and 24 h post supination was recorded for
Group-R. In Group-O, ONSD was recorded at comparable
points of time. Simple computer generated randomization
was done, and the method of concealment was sequentially
numbered, sealed opaque envelopes.

After application of coupling gel over the closed upper
eyelid, the ultrasound probe was positioned over it
[Figure 1]. ONSD was measured 3 mm posterior to the
posterior scleral margin using a 7.5 MHz linear ultrasound
probe (Micromaxx Ultrasound System; SonoSite Inc.,
Bothell, WA, USA). A hypoechoic linear zone stemming
away from the hypoechoic eyeball posteriotly represents
the optic nerve [Figure 2]. As per the departmental
protocol, three separate readings were taken for each optic
nerve sheath utilizing the digital cursor and standardized
adjustment of SonoSite software.(Micromaxx, Bothell,
USA) The anesthetist recording the measurements was not
blinded to the preliminary clinical diagnosis or the stage
of surgery (time elapsed in ST position). Later the saved
ultrasound images were independently reviewed by the
chief investigator who calculated the mean ONSD. He was
blinded to the clinical details including the timing of the
ultrasonography (USG) scan whether pre-, intra- or post-
operative. The trial was participant and outcome assessor
blinded. Primary outcome measure was binocular ONSD
at 3h/de-docking (T5). Secondary outcome measures wete
binocular ONSD at remaining points of time mentioned
above.

Statistical analysis

Paired #test for intra-group comparison of mean ONSD
at various time points with baseline ONSD values (10 min
postendotracheal intubation) and Student’s #test for inter-
group comparison of mean ONSD values at corresponding
time points were utilized using the SPSS-22 software(IBM-
International Business Machines Corporation, Armonk,
New York, United States)

Patients were also examined for occurrence of postoperative
delayed awakening, emergence delirium and postoperative
nausea-vomiting,

RESULTS

Participant flow is depicted by the CONSORT flow
diagram [Figure 3]. The first patient was enrolled in April
2013, and the trial ended in May 2014 after the requisite
number of cases were successfully completed.
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The primary outcome measure was ONSD at the time
of de-docking the robot in Group-R (robotic surgery
in ST position) and at the corresponding time interval
(3 h postendotracheal intubation in Group-O (traditional
open surgery in supine position for the same disease).
Mean bilateral ONSD at all other time points were the
secondary outcome measures. The mean bilateral ONSD
in Group-R (7 = 126) was 4.3 mm, 10 min posttracheal
intubation. This increased to 5.1 mm on docking, 5.7 mm
at the end of the first hour and 5.9 mm at the end of

Figure 1: Recording of optic nerve sheath diameter using 7.5 MHz
ultrasound probe
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Figure 2: Sonoanatomy of the human eye
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Figure 3: CONSORT flow diagram
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the second hour of pneumoperitoneum. At the time of
de-docking, the robot (between 2 and 3 h of ST position)
6.2 mm (6.126 mm and 6.345 mm being the upper and
lower limits of 95% confidence interval) was the mean
ONSD value (primary outcome). Immediately after
supination, ONSD decreased to 5.8 mm. At the end of
1% h post de-docking, ONSD was 5.5 mm and at 2 h it
was 5.2 mm. 24 h later 4.7 mm was the mean ONSD
[Table 3 and Figure 4.

The mean bilateral ONSD in Group-O (# = 126) was
4.36 mm, 10 min posttracheal intubation. At 30 min,
1 h 30 min, 2 h 30 min, 3 h and 3 h 10 min, ONSD
was 4.35, 4.31 mm, 4.30 mm, 4.34 mm and 4.34 mm
(4.276-4.433 mm 95% confidence interval: primary
outcome). In the postoperative period ONSD values
were 4.34 mm, 4.35 mm and 4.37 mm at4 h, 5h and 27 h
postendotracheal intubation.

T1 | T2 | T38| T4 |T5 | T6 | T7 | T8 | T9
——GRP-R| 43 | 51 | 57 | 59 | 62 | 58 | 55 | 52 | 47
—@—-GRP-0| 436 | 431 | 43 | 434 | 434 | 435 | 435 | 436 | 4.37

Figure 4: Graphical representation of variation in optic nerve sheath
diameter over time

The ETCO, was strictly maintained between 30 and
35 mmHg throughout surgery by adjusting mechanical
ventilatory parameters. The paired #test was utilized
to compare the baseline value with intra-group mean
ONSD values at various points of time during surgery
and postoperative period in both the groups. In Group-R,
the P <0.001 in all the pairs, which is statistically highly
significant [Table 4]. In Group-O, statistically insignificant
P values were obtained. The Student’s 7-test was
utilized for inter-group analysis. At 10 min posttracheal
intubation, the P value was statistically insignificant while
at all other time points it was statistically highly significant
(P <0.001).

The average baseline MAP was 102 mmHg. At T, T,
and T,, the MAP values were 100 mmHg, 91 mmHg
and 88 mmHg respectively. Immediately on assumption
of the supine position MAP dropped to 71 mmHg. It
was 78 and 88 mmHg respectively at 1 and 2 h post
de-docking. Twenty-four hours postsurgery it was
97 mmHg.

Eleven patients in the robotic surgery group showed
delayed awakening despite use of short-acting anesthetics
while only 3 patients in the open surgery showed
delayed recovery. Postoperative emergence delirium was
observed in 27 patients in the robotic surgery group and
15 patients in the open surgery group. Postoperative
nausea-vomiting was observed in 42 patients in the
robotic surgery group and 26 patients in the open
surgery group.

Table 3: Variation in ONSD over time

Group Mean ONSD + SD

Ta T2 T3 T4 Ts5 T6 T7 T8 T9
Group-R: LE  0.4354+0.0328 0.5088+0.038 0.5671+0.036 0.5964+0.037 0.6237+0.048 0.5788+0.043 0.5548+0.036 0.5187+0.034 0.4845+0.036
Group-R:RE 0.4346+0.031 0.5097+0.038 0.5674+0.035 0.5977+0.038 0.6236+0.046 0.5781+0.042 0.5547+0.0343 0.5182+0.032 0.4837+0.035
Group-O: LE 0.436+0.033  0.435%0.034 0.431%0.037 0.430+0.036  0.434*0.039  0.434*0.038  0.434*0.035 0.435+0.034  0.437%0.037
Group-O: RE 0.436%0.033  0.435%0.034 0.431%0.037 0.430%0.036  0.434%0.039  0.434%0.038  0.434*0.035  0.435%0.034 0.437%0.037

SD: Standard deviation; ONSD: Optic nerve sheath diameter; LE: Left eye; RE: Right eye

Table 4a: Comparison of ONSD in Robotic Surgery Group at Various Time Points RE

S.No Time-Points Compared Mean SD SEM 95% Cl of the difference t df  Significant (two-tailed)
Upper limit  Lower limit
Pair 1 T1RE-T2RE -7.514285  0.01847  0.0022080 -0.0795478 -0.0707379 -34.031 125 0.000
Pair 2 T1RE-T3RE -1.328571  0.02093  0.0025017 -0.1378479 -0.1278664  -53.107 125 0.000
Pair 3 T1RE-T4RE -1.631428  0.02452  0.0029315 -0.1689911 -0.1572946  -55.651 125 0.000
Pair 4 TaRE-T5RE -1.890000 0.03489  0.0041710 -0.1973210 -0.1806790 -45.313 125 0.000
Pair 5 Ta1RE-T6RE -1.435714  0.03882  0.0046404  -0.1528288 -0.1343140  -30.939 125 0.000
Pair 6 TaRE-T7RE -1.201428  0.02990  0.0035741 -0.1272729 -0.1130128 -33.615 125 0.000
Pair 7 T1RE-T8RE -8.371428  0.02479 0.0029640  -0.0896274 -0.0778012 -28.243 125 0.000
Pair 8 T1RE-T9RE -4.914285  0.01758  0.0021024 -0.0533370 -0.0449487  -23.375 125 0.000

SEM: Standard error of mean; ClI: Confidence interval; SD: Standard deviation; ONSD: Optic nerve sheath diameter; RE: Right eye
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Table 4b: Intra-group comparison of ONSD in LE

S.No  Time points compared Mean SD SEM 95% Cl of the difference t df  Significant (two-tailed)
Lower Upper
Pair 1 TaLE-T2LE -7.3428571E-2  0.0165841 0.0019822  -0.0773829 -0.0694742  -37.044 125 0.000
Pair 2 T1LE-T3LE -1.3171429E-1  0.0187254 0.0022381  -0.1361792 -0.1272494 -58.850 125 0.000
Pair3 TiLE-T4LE -1.6100000E-1  0.0226601 0.0027084  -0.1664031  -0.155596Q9 -59.445 125 0.000
Pair 4 T1LE-T5LE -1.8828571E-1  0.0377241  0.0045089  -0.1972807 -0.1792907  -41.759 125 0.000
Pair 5 TaLE-T6LE -1.4342857E-1  0.0394853  0.0047194  -0.1528435 -0.1340136  -30.391 125 0.000
Pair 6 T1LE-T7LE -1.1942857E-1  0.0318004 0.0038009  -0.1270111 -0.1118460 -31.421 125 0.000
Pair 7 TaLE-T8LE -8.3285714E-2  0.0257480 0.0030775  -0.0894251 -0.0771463  -27.063 125 0.000
Pair 8 TiLE-T9LE -4.9142857E-2  0.0164839 0.0019702  -0.0530733 -0.0452124 -24.943 125 0.000

SEM: Standard error of mean; Cl: Confidence interval; ONSD: Optic nerve sheath diameter; LE: Left eye

DISCUSSION

Steep inclination of 35-45° for a prolonged period can
lead to raised cerebral venous pressure, upper airway and
brain edema,®” increase in ICP and cerebral blood flow.
To preserve cerebrovascular homeostasis, normocarbia
should be maintained. The Molloy study showed that
even under anesthesia, cerebrovascular and ophthalmic
circulatory autoregulation do not prevent complications
such as increased intraocular pressure.'’! As per Theelen
et al., raised ICP leads to a rise in episcleral venous pressure,
which in turn leads to an elevation in intraocular pressure.!"'!
B-scan (planar) ultrasound provides longitudinal cross-
section images of the optic nerve and its sheath. The
method has been successfully validated in several relatively
large studies that included patients with severe head
traumal'? hydrocephalus,”® intracranial hemorrhage,!"
stroke, acute application of subarachnoid pressure,!"”!
liver failure!"” and climbers with acute mountain sickness.
ONSD can be used for identification of patients with
intracranial hypertension that requires treatment. Ours
is one of the first instances reported of quantitative
noninvasive measurement of the increase in ICP with steep
(45°) Trendelenburg position by serial measurement of
binocular ONSD in patients undergoing robotic surgery.
Using an ROC curve, Kimberly ¢z a/!” systematically
confirmed the commonly used threshold of ONSD >5mm
to detect ICP >20 mmHg,. Their study directly correlates
ventriculostomy measurements of ICP with US ONSD
measurements.

The optic nerve, ontogenetically a part of the central
nervous system, is surrounded by cerebrospinal fluid
(CSF) and duramater [Appendix: CONSORT Checklist].
Owing to a connection with the intracranial subarachnoid
space, CSF pressure variations influence the ONSD.
Histological studies revealed a segment of the optic nerve
in which maximal diameter fluctuations could be expected
(bulging duramater region approximately 3 mm behind
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the papilla). After widening of the subarachnoid space
with gelatine in cadavers, the mean diameter increased by
60% at 3 mm behind optic nerve head, but only by 35%
at 10 mm distance. Independent measurements by two
examiners correlated highly, which indicates excellent
reproducibility of the USG measurements.'>">""l The
optimal experimental scanning position was at right angle
to the optic nerve (longitudinal section). Under clinical
conditions, however, only axial sections can be obtained
using anterior probe positions with transbulbar sound
directions. ONSD changes almost concurrently with CSF
pressure variations and have a good reproducibility.)
Upper limit of normal for ONSD is 4.5-5.2 mm in patients
over 1 year of agel'>**1 and 4 mm in children <1
year old as per the various studies conducted so far. A
limitation of our trial could be that the absolute values
for ONSD in the Indian subcontinental population may
vary from those in other races across the globe. The trends
in ONSD values can be generalized to the entire globe
though. Our study demonstrates that ONSD (surrogate
tor ICP) rises steadily with pneumoperitoneum and hours
in ST position during robotic surgery to dangerous levels
that are well above the upper limit for normal. The values
fail to return to baseline even 24 h after surgery. This may
result in devastating complications that are preventable
if detected early. The incidence of delayed awakening
(8.7% in Group-R and 2.4% in Group-O), emergence
delirium (21.4% in Group-R and 11.9% in Group-O) and
postoperative nausea-vomiting (33.3% in Group-R and
20.6% in Group-O) were significantly higher in the robotic
surgery group as per our study. Two cases of robotic
radical cystectomy with ileal conduit urinary diversion
surgeries having neurological deterioration (stupor,
incoherent talking, rapid shallow respiratory pattern,
vomiting, hypertension and bradycardia) postextubation
probably due to iatrogenic positional cerebral edema have
been reported by Pandey ef all'¥ Postoperative visual
loss due to posterior ischemic optic neuropathy after
RALP19%" has occurred. Lee ¢f al. observed a significant
decline in regional cerebral oxygen saturation as a result
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¥ CONSORT 2010 checklist of information to include when reporting a randomized trial*

Section/topic

Title and abstract

Introduction

Background and

objectives

Methods
Trial design

Participants

Interventions

Outcomes

Sample size

Randomization

Sequence
generation

Allocation
concealment
mechanism

Implementation

Blinding

Statistical
methods

Results

Participant
flow (a diagram
is strongly
recommended)
Recruitment

Baseline data

Numbers
analysed

Outcomes and
estimation

Ancillary
analyses

Harms

Discussion
Limitations

Generalisability

Item
number

1a
1b

2b

3a
3b

4a
4b
6a
6b
7a

7b

8a
8b

10
1la

11b
12a
12b

133
13b
14a
14b
15
16
17a
17b

18

19

20

21

Checklist item

Identification as a randomized trial in the title

Structured summary of trial design, methods, results, and conclusions
(for specific guidance see CONSORT for abstracts)

Scientific background and explanation of rationale
Specific objectives or hypotheses

Description of trial design (such as parallel, factorial) including allocation ratio

Important changes to methods after trial commencement (such as eligibility criteria),
with reasons

Eligibility criteria for participants
Settings and locations where the data were collected

The interventions for each group with sufficient details to allow replication, including
how and when they were actually administered

Completely defined prespecified primary and secondary outcome measures, including
how and when they were assessed

Any changes to trial outcomes after the trial commenced, with reasons
How sample size was determined
When applicable, explanation of any interim analyses and stopping guidelines

Method used to generate the random allocation sequence
Type of randomization; details of any restriction (such as blocking and block size)

Mechanism used to implement the random allocation sequence (such as sequentially
numbered containers), describing any steps taken to conceal the sequence until
interventions were assigned

Who generated the random allocation sequence, who enrolled participants, and who
assigned participants to interventions

If done, who was blinded after assignment to interventions (for example, participants,
care providers, those assessing outcomes) and how

If relevant, description of the similarity of interventions
Statistical methods used to compare groups for primary and secondary outcomes

Methods for additional analyses, such as subgroup analyses and
adjusted analyses

For each group, the numbers of participants who were randomly assigned, received
intended treatment, and were analyzed for the primary outcome

For each group, losses and exclusions after randomization, together with reasons

Dates defining the periods of recruitment and follow-up
Why the trial ended or was stopped
A table showing baseline demographic and clinical characteristics for each group

For each group, number of participants (denominator) included in each analysis and
whether the analysis was by original assigned groups

For each primary and secondary outcome, results for each group, and the estimated
effect size and its precision (such as 95% confidence interval)

For binary outcomes, presentation of both absolute and relative effect sizes is
recommended

Results of any other analyses performed, including subgroup analyses and adjusted
analyses, distinguishing prespecified from exploratory

Allimportant harms or unintended effects in each group (for specific guidance see
CONSORT for harms)

Trial limitations, addressing sources of potential bias, imprecision, and if relevant,
multiplicity of analyses

Generalisability (external validity, applicability) of the trial findings

Reported on page number

NA

89

NA

NA

NA

NA

10

10

10
10
10
10

NA

NA

16

16

(Continued)
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& Continued

Section/topic Item  Checklist item Reported on page number
number
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering 16
other relevant evidence
Other information
Registration 23 Registration number and name of trial registry CTRI/2014/08/004809 (clinical
trial registry of India)
Protocol 24 Where the full trial protocol can be accessed, if available NA
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders Nil
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This might be a variable via mean intrathoracic pressure in anaesthetized neurosurgical patients. J Neurosurg
on the ONSD results. But that mentioned, serial ONSD Anesthesiol 2000;12:10-4. _ _
m rement i i i tential standard of car 8. Goswami S, Nishanian E, Mets B. Anesthesia for robotic
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for intraoperative monitoring and postoperative vigilance. Kronish JP, Young WL, editors. Miller's Anesthesia. 7% ed.
Philadelphia, PA: Elsevier; 2010. p. 1103, 2389-95.
9. AwadH, Santilli S, Ohr M, Roth A, Yan W, Fernandez S, et al.
CONCLUSION The effects of steep trendelenburg positioning on intraocular
pressure during robotic radical prostatectomy. Anesth Analg
.. .. . 2009;109:473-8.

To conclude, ST position results in increasing venous o o .

. o ) ) . 10. Molloy BL. Implications for postoperative visual loss: Steep
congestion within and outside the cranium leading to trendelenburg position and effects on intraocular pressure.
cerebral edema and raised ICP. US-ONSD should be used AANA J 2011;79:115-21.
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