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ABSTRACT

Background: Patients undergoing surgery in the prone position may be at risk for postoperative vision loss

associated with increased intraocular pressure. The purpose of this systematic review and meta-analysis is to estimate
the magnitude of the increase in intraocular pressure at specific perioperative time points in adult patients. The research
question to be addressed is ‘‘What is the magnitude of the increase in intraocular pressure at specific perioperative time

points in adults undergoing surgery in the prone position?’’
Methods: Comprehensive search strategies were used to identify nine eligible studies (N¼229). Standardized mean

difference effect sizes were calculated for two intraoperative time points.

Time points for meta-analysis were selected to achieve the greatest number of comparisons for analysis at each time
point. Prediction intervals for each time point were also calculated to show the dispersion of true effect sizes around the
mean.

Results: Meta-analysis showed that intraocular pressure increased significantly between induction of anesthesia

and up to 10 minutes of prone position (T1: standardized mean difference [d]¼2.55; P , .001) and continued to increase
significantly until the end of the prone position (T2: d ¼ 3.44; P ¼ .002).

Conclusions: Intraocular pressure increases of this magnitude demonstrate the need for implementing

interventions to reduce the risk for postoperative vision loss in patients undergoing surgery in the prone position.
Clinical Relevance: Implementing preoperative ophthalmologic examinations for patients undergoing surgery in

the prone position may help to reduce the risk for ocular injury. Intraoperative interventions that can be implemented to

reduce or mitigate the increase in intraocular pressure include implementing a 5- to 10-degree reverse Trendelenburg
prone position, reducing the amount of time the patient is in the prone position, considering staged procedures,
monitoring intraocular pressure, providing periodic position changes or rest periods, preventing pressure on the eye, and
administering specific medications or anesthetics.

Complications

Keywords: intraocular pressure, prone position, ischemic optic neuropathy, central retinal artery occlusion

INTRODUCTION

In the prone position, the patient is positioned

face-down on their abdomen. This position provides

surgical access to the dorsal aspects of the patient’s

body. There are ocular complications associated

with the prone position. Postoperative vision loss,

which may be partial or complete and unilateral or

bilateral, is a serious complication of surgery in the

prone position, and it occurs with greater frequency

after spine, head and neck, and some orthopedic

procedures.1,2 Following surgery in the prone

position, there have been reports of postoperative

vision loss associated with increased intraocular

pressure (IOP),3–20 as well as reports of chemosis,20

subconjunctival hemorrhage,21 ocular or subperios-

teal orbital hemorrhage,22–24 orbital compartment

syndrome,24,25 acute angle-closure glaucoma,26,27

and Horner syndrome.28

When the patient is in the prone position, IOP

increases and the extent of this increase is related to

the amount of time the patient is in the prone

position.25,29–34 After only a few minutes in the

prone position, IOP can increase significantly.35

According to the American Academy of Ophthal-

mology,36 normal IOP is 10 to 21 mm Hg.

Intraocular pressures higher than 21 mm Hg pose

a risk for glaucoma, detached retina, and postop-

erative vision loss.1,2,37

Pathogenesis of Postoperative Vision Loss

Postoperative vision loss in patients undergoing

surgery in the prone position is generally related to 1
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of 2 causes: ischemic optic neuropathy or central
retinal artery occlusion.25,38

Ischemic Optic Neuropathy
Ischemic optic neuropathy is the most common
cause of postoperative vision loss.25,38–40 According
to the American Academy of Ophthalmology,41

ischemic optic neuropathy is caused by insufficient
blood flow to the optic nerve. Ischemic optic
neuropathy may present as anterior (involving
ischemia and infarction of the intraocular optic
nerve) or posterior (involving ischemia and infarc-
tion of the intraorbital optic nerve).25 Although the
phenomenon of ischemic optic neuropathy is not
well understood, it is known that elevated IOP can
lead to optic nerve injury and decreased ocular
perfusion pressure.25,39,40 Perfusion pressure is the
difference between pressures of the ciliary arteries in
the optic nerve and the venous drainage of the eye.42

This difference is approximated by the level of IOP.
The ‘‘higher the intraocular pressure, the lower the
perfusion pressure, and consequently, the lower the
blood flow in the optic nerve head.’’42(p 608) The
lower the blood flow in the optic nerve head, the
greater the risk for ischemic optic neuropathy and
postoperative vision loss. The ischemic process can
occur as a direct result of decreased blood supply
from the arteries of the optic nerve or by venous
stasis that occurs as a result of decreased venous
outflow and a compartment syndrome of the optic
nerve or optic canal.25,39,43 The subsequent postop-
erative vision loss can range from temporary
blurring to partial to complete blindness; however,
once a loss of vision occurs, it is almost always an
irreversible complication.1,2

Central Retinal Artery Occlusion
Central retinal artery occlusion is most often caused
by pressure on the eye from the prone position, and
especially by positioning the patient’s head on a
prominent headrest. Pressure on the eye increases
IOP and decreases blood flow to the retina through
the central retinal artery.25,38,44 The increased IOP
exceeds the profusion pressure of the central retinal
artery, leading to ischemia of the retina.38 Most
patients with central retinal artery occlusion are left
with a unilateral, permanent blindness.38,44

Risk Factors for Postoperative Vision Loss

Numerous risk factors for postoperative vision
loss have been identified that include older patients

with elevated baseline IOPs; patients with existing
hypertension, diabetes, obesity, anemia, vascular
disease, increased blood viscosity; and patients who
smoke, as well as patients who experience intraop-
erative hypotension, blood transfusion, lower col-
loid use during fluid administration, or prolonged
surgical times, and patients who are positioned on
horseshoe-shaped headrests.25,38,45,46 Patients who
are predisposed to acute angle-closure glaucoma are
also at high risk for ocular injury even during short
procedures because the prone position can shift the
lens-iris diaphragm forward so it obstructs aqueous
humor outflow and increases IOP.20

Incidence of Postoperative Vision Loss

The exact incidence of postoperative vision loss
is unknown because the data come largely from
retrospective studies and case reports.2,47 The
incidence of postoperative vision loss following
nonocular surgery has been estimated to be as low
as 0.0002% and as high as 0.2%.48 In a retrospec-
tive cohort study using the National Inpatient
Sample, the largest inpatient database in the
United States, Patil et al47 examined the records
of 4 728 815 patients who underwent spinal pro-
cedures between 1993 and 2002. The researchers
found that 4134 patients (0.09%) developed
postoperative visual impairment. An additional
271 patients (0.006%) had ischemic optic neurop-
athy, and an additional 47 patients (0.001%) had
central retinal artery occlusion. In a 10-year
prevalence study of postoperative vision loss in
the United States, Shen et al49 reviewed data from
more than 5.6 million patients included in the
Nationwide Inpatient Sample from 1995 to 2005.
The researchers found the incidence of postopera-
tive vision loss for patients undergoing laminecto-
my without fusion was 0.86 per 10 000 (0.009%).
For patients undergoing spinal fusion, the inci-
dence was 3.09 per 10 000 (0.03%) for all fusions,
0.66 per 10 000 (0.007%) fusions with anterior
approach, and 5.50 per 10 000 (0.06%) fusions
with posterior approach.

Purpose

Although some researchers have studied the
quantitative increase of IOP in surgical patients in
the prone position,1,2,14,16,17,34,50 there is a need for
systematic review and meta-analyses of these studies
to demonstrate the overall effect size and provide
high-quality evidence supporting, or negating, the
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need for implementing interventions to mitigate the
increase of IOP and reduce the risk for postopera-
tive vision loss. Meta-analysis research methods
provide increased power compared to individual
studies, improve estimates of effect size, and help
resolve uncertainty when the results of individual
studies disagree.51 Because all of the evidence
pertaining to a particular phenomenon is included
in the analysis, meta-analysis research provides a
high level of objectivity, precision, and generaliz-
ability.52

Currently, there has been no quantitative meta-
analytic synthesis of the existing studies examining
the increase in IOP in adult patients undergoing
surgery in the prone position. The purpose of this
systematic review and meta-analysis is to estimate
the magnitude of the increase in IOP at selected
perioperative time points in adult patients (ie,
individuals 18 years and older) undergoing any
type of surgery in the prone position. The research
question to be addressed by this systematic review
and meta-analysis is ‘‘What is the magnitude of the
increase in IOP at specific perioperative time points
in adults undergoing surgery in the prone posi-
tion?’’

MATERIALS AND METHODS

To ensure rigorous and transparent presentation
of the methods and results of this systematic review
and meta-analysis, the Preferred Reporting Items
for Systematic reviews and Meta-Analyses guide-
lines53 have been followed.

Search Strategies

An expert health sciences reference librarian was
consulted to identify the most appropriate search
terms and databases for an exhaustive and varied
literature search. Keywords or medical subject
headings included intraocular pressure or ocular
tension, and prone position. Search strategies included

� online searching of the PubMed, Cumulative
Index of Nursing and Allied Health Litera-
ture, and Scopus databases, and the Cochrane
Database of Systematic Reviews for published
and unpublished literature;

� ancestry searching of reference lists from
relevant reports to locate additional applica-
ble references;

� author searching of individuals identified in
the literature as experts in the field; and a

� dissertation search of the ProQuest database.

The author reviewed report abstracts for eligibil-
ity and obtained full-text copies of all potentially
eligible reports.

Inclusion and Exclusion Criteria

Criteria for inclusion in the meta-analysis were
reports written in English; published or unpub-
lished reports of primary studies that encompassed
dissertations, conference abstracts, and presenta-
tions; studies that used either a one-group, pretest-
posttest design or a multiple-group, pretest-post-
test design; reports where the minimum age of the
study participants was 18 years or older; studies
that included a specific measured outcome of IOP
using any type of tonometer; studies where the
participants received any type of general or spinal
anesthesia; and reports of studies that included
sufficient data to calculate an effect size. When
reports did not include sufficient data to calculate
an effect size, the author contacted the researchers
and statisticians on at least 2 separate occasions 2
to 3 weeks apart to obtain missing data.

Reports were excluded if the IOP was measured
in adults not undergoing surgery. Reports were
also excluded if data from only 1 time point of IOP
measurement were present. Participant groups
were additionally excluded if they were receiving
an intervention specifically intended to mitigate
IOP; however, participant groups representing
control arms receiving placebos or no interventions
were included in the systematic review and meta-
analysis.

Risk of Bias Within Individual Studies

To assess the risk of bias within individual
studies, the author and an experienced evidence
reviewer independently evaluated and critically
appraised each study for its level of strength and
quality using the Association of periOperative
Registered Nurses Research Evidence Appraisal
Tool – Study.54 Measures such as sample size,
generalizability, bias, reliability, and validity were
assessed to determine whether the study quality
was high, good, or low. The author and evidence
reviewer participated in conference calls to discuss
their independent appraisals until 100% consensus
was achieved on study design and quality levels for
each of the included studies.
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Risk of Bias Across Studies

To avoid bias due to a narrow or limited search, a
comprehensive and diverse literature search was
conducted. Only research studies were included in
the systematic review and meta-analysis to ensure
the included studies were of sufficient strength and
quality. As well, studies that included objective
measurements of IOP at fewer than 2 or more
perioperative time points were excluded. An analysis
of publication bias was also conducted to determine
whether unpublished research was unintentionally
excluded.

Coding and Data Extraction

The author coded eligible studies and extracted
the necessary data to address the research question.
Effect-size data for each of the reports included in
the systematic review and meta-analysis were
independently coded by a trained researcher. The
author and independent researcher discussed coding
discrepancies for each of the eligible studies until
100% consensus was achieved.

Data related to study characteristics and study
design were collected from each of the included
studies. Data related to participant and surgery
characteristics were collected when available. Data
necessary to calculate effect sizes for all time points
recorded by the researchers during the perioperative
phases of the procedures included in their studies
were also collected.

Statistical Analyses

Meta-analyses were conducted using Comprehen-
sive Meta-Analysis software, version 3.55 To achieve
the greatest number of comparisons for analysis at
each time point and to allow for similarity with the
order of events as they traditionally occur during
surgery, time points for meta-analysis were selected
from time points recorded by the researchers.
Analyses were conducted for the following time
points:

T1, after induction of anesthesia to 0 to 10
minutes of prone position, and

T2, 0 to 10 minutes of prone position to the end
of prone position.

Standardized mean difference effect sizes were
calculated for each participant group and each
measured time point.56

Effect-size values were weighted by the inverse of
the variance to account for sample size and adjust
for bias. Because heterogeneity was observed among
study designs, sample attributes, and outcome
measures, and to account for between- and within-
study variation, a random effects model was selected
a priori to synthesize effect sizes. Using a random
effects model assumes that the true effect size varies
from one study to the next.57(p 77) Effect sizes were
interpreted as per Cohen56 with 0.2 considered a
small effect size, 0.5 considered a medium effect size,
and 0.8 or greater considered a large effect size. The
calculated effect sizes were converted to the metric
used to measure IOP (ie, mm Hg) using the
procedures described by Lipsey and Wilson58 to
facilitate interpretation of effect-size findings.

Publication Bias
A funnel plot was constructed to assess the extent of
publication bias for the meta-analysis. Notably, a
funnel plot may suggest publication bias, but does
not eliminate the bias.59 A minimum of 3 studies is
necessary in order to create a funnel plot.55

Asymmetry of the funnel plot was measured by
conducting an Egger test.55,60,61 When there are less
than 10 studies included in the meta-analysis, an
Egger test is not advised because the power of the
test may be too low to distinguish true asymmetry
from chance.61 For this reason, a funnel plot was
constructed and an Egger test was conducted only
when the analysis included 10 or more participant
groups (T1). The Orwin fail-safe N test was
conducted when the Egger test was significant, to
estimate the number of missing studies required to
overturn the conclusions of the meta-analysis.59,62

The Orwin fail-safe N assesses the impact of
publication bias to determine whether the overall
observed effect is robust.59,62

Heterogeneity
The studies included in the meta-analysis were
assessed for heterogeneity after deciding on the
model and calculating effect sizes. Heterogeneity is
any kind of variability among the studies included in
a meta-analysis.63 Heterogeneity testing explores
whether the same effect is being evaluated by all
studies (ie, the null hypothesis).64 The Cochrane Q,
which estimates statistical significance; s2, which
estimates the absolute value of the true variance
between studies, but not the proportion of the
variance; and I2, which estimates the proportion of
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true variance, but not the absolute value of the

variance, were all used to test homogeneity of

variance among effect sizes.65 To show the disper-

sion of true effect sizes around the mean, prediction

intervals for each time point were also calculated.66

RESULTS

The flow of study selection is depicted in Figure 1.

In total, 135 records were identified for possible

inclusion, and of these, 9 studies were included in

the systematic review and meta-analysis. Four

studies had multiple participant groups,67–70 result-
ing in a total of 14 participant groups and 229
participants for analysis. Table 1 contains a
summary of the studies included in this review and
meta-analysis.

Study Characteristics

All of the studies included in the systematic
review and meta-analysis were obtained from peer-
reviewed journals. The researchers of 3 studies
(33.3%) reported receiving some type of funding
or donated supplies.2,69,70 Although the literature

Figure 1. Flow diagram of study selection; s indicates studies. Adapted from Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred Reporting Items

for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med. 2009;6(6):e1000097.53
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was searched without any date restriction, all of the
studies included in the systematic review and meta-
analysis were published between 2001 and 2018. The

greatest number of studies were published in 2018
(studies [s] ¼ 2) with the greatest number of
participants also occurring in 2018 (n ¼ 88).67–69

Participant and Surgery Characteristics

Participant and surgery characteristics are shown

in Table 2. The mean (SD) age of the participants
was 53.2 (8.1) years and ranged from 43.3 to 69
years. The majority of the participants were men (n

¼ 122; 55.0%). Participant race and socioeconomic
status were not reported by any of the researchers.
Participants ranged between having a healthy

weight to being slightly overweight71 (22.5-27.7 kg/
m2) with a mean (SD) body mass index (BMI) of
24.9 (1.6) kg/m2. The American Society of Anes-

thesiologists (ASA) physical classification status72

was reported cumulatively as class I (ie, healthy),
class II (ie, with mild systemic disease), or class III

(ie, with severe systemic disease) by the researchers
of 4 reports (n ¼ 130).29,50,69,73 Sugata et al70

reported patient comorbidities for diabetes (n ¼ 5

of 24; 20.8%), and hypertension (n ¼ 9 of 24;
37.5%).

The majority of the participants underwent spine
surgery (n ¼ 170; 74.2%). Other participants
underwent percutaneous nephrolithotomy (n ¼ 43;
18.8%) or cranial surgery (n ¼ 16; 7%). The vast
majority of participants (n ¼ 222; 97%) received

general anesthesia by inhalation (n ¼ 115; 51.8%),
intravenous propofol (n ¼ 60; 27%), or unspecified
methods (n ¼ 27; 12.2%), or received spinal
anesthesia (n ¼ 20; 9%). As shown in Table 2, the
mean (SD) duration of surgery was 156.0 (24.2)

minutes with a range of 120 to 181 minutes. Several
researchers reported the duration of prone position
as a significant contributing factor between increas-
ing IOP and prone position1,29,67,74; however, 2
researchers reported the relationship between dura-
tion of the position and increased IOP was not

significant.68,69 The mean (SD) estimated blood loss
was 330.1 (222.1) mL with a range of 120 to 615 mL.

Study Design Characteristics

The Tono-Pen XL was the most frequently used
device to measure eye pressure1,29,67,68,70,73,74 (s¼ 7;

Table 1. Summary of studies included in the systematic review and meta-analysis (s ¼ 18; N ¼ 229).

First Author

(Year) Country

Study Design

(Quality)a Participant Groups and Observations/Interventions

Agah (2011) Iran29 Nonexperimental (good) � 20 patients undergoing PCNL in prone position

Carey (2014) United
States74

Experimental (high) � 7 patients undergoing spine surgery in neutral prone position
� 6 patients undergoing spine surgery in 58 reverse Trendelenburg positionb

� 6 patients undergoing spine surgery in 108 reverse Trendelenburg positionb

Cheng (2001) United
States73

Nonexperimental (good) � 20 men undergoing spine surgery in prone position

Czorlich (2018)
Germany67

Nonexperimental (high) � 16 patients undergoing spine surgery and dural opening in prone position (A)
� 16 patients undergoing cranial surgery and dural opening in the prone position (B)
� 16 patients undergoing spine surgery in prone position (D)
Note. Patients with BMI .30 kg/m2 excluded.

Emery (2015) United
States1

Experimental (high) � 27 patients undergoing spine surgery in prone position
� 25 patients undergoing spine surgery in 108 reverse Trendelenburg positionb

Hunt (2004) United
Kingdom68

Nonexperimental (good) � 10 patients undergoing spine surgery in prone position
� 10 patients undergoing spine surgery in prone position

Nuri Deniz (2013)
Turkey50

Experimental (good) � 23 patients undergoing PCNL in prone position
� 22 patients undergoing PCNL in prone position with 458 right lateral head rotationb

Pinar (2018)
Turkey69

Experimental (high) � 20 patients undergoing lumbar disc surgery in prone position with general anesthesia (G)
� 20 patients undergoing lumbar disc surgery in prone position with spinal anesthesia (S)

Sugata (2012)
Japan70

Nonexperimental (high) � 12 patients undergoing spine surgery in prone position with propofol anesthesia (P)
� 12 patients undergoing spine surgery in prone position with sevoflurane anesthesia (SEV)

Abbreviations: A, spine surgery and dural opening in the prone position; B, cranial surgery and dural opening in the prone position; BMI, body mass index; D, spine
surgery in prone position; G, lumbar disc surgery in prone position with general anesthesia; IOP, intraocular pressure; P, spine surgery in prone position with propofol
anesthesia; PCNL, percutaneous nephrolithotomy; s, studies; PL, pillow or ring-shaped headrest; PN: skull pins; S, lumbar disc surgery in prone position with spinal
anesthesia; SEV, spine surgery in prone position with sevoflurane anesthesia; T1, after induction of anesthesia to 0 to 10 minutes of prone position; T2, 0 to 10 minutes of
prone position to the end of prone position.
aStudy design and quality ratings are based on the Association of periOperative Registered Nurses (AORN) Research Evidence Appraisal Tool study.54
bThis group was not eligible for inclusion in the meta-analysis.
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n ¼ 166). The most frequently used method for
positioning the patient’s head was skull pins or
clamps (n¼ 105; 45.9%). Other methods included a
horseshoe-shaped headrest (n ¼ 71; 31%), a pillow
or viscoelastic gel ring-shaped headrest (n ¼ 30;
13.1%), or a silicone headrest (n ¼ 23; 10%). Two
researchers reported having 88 participants undergo
preoperative ophthalmologic examinations.68,70 One

researcher reported having 48 participants undergo
postoperative ophthalmologic examinations.68

Effect Sizes

Results of the meta-analysis for each time point
are shown in Table 3. A graphical representation of
the magnitude of changes in IOP and upper
prediction intervals for induction of anesthesia
(T0) through T2 is shown in Figure 2. In total,
between induction of anesthesia and the end of
prone position, IOP increases significantly by 17.6
mm Hg (ie, 7.5 mm Hg þ 10.1 mm Hg ¼ 17.6 mm
Hg). Based on the upper limits of the prediction
intervals, in 95% of all populations, IOP could
increase by as much as 57.8 mm Hg (ie, 19.8 mm Hg
þ 38.0 mm Hg ¼ 57.8 mm Hg). The IOP increases
significantly after the patient is placed into the prone
position (T1: þ7.5 mm Hg) and continues to
increase significantly while the patient is in the
prone position (T2:þ10.1 mm Hg). The forest plots
of effect sizes for each participant group included in
the meta-analysis for T1 and T2 are shown in
Figures 3 and 4, respectively. The funnel plot for
publication bias for T1 is shown in Figure 5.

Postoperative Complications

None of the researchers reported transient or
permanent vision loss as a result of increased IOP.
Carey et al74 reported 1 corneal abrasion requiring

Table 1. Extended.

IOP Measures (Tonometer) [Head Positioning] Outcome Measures

Effect Sizes

(Cohen d)

Measurement of IOP at 5 different time points (Tono-Pen XL) [ring-
shaped headrest]

Differences in IOP levels at each time point T1: 11.34
T2: 10.5

Measurement of IOP at 5 different time points (Tono-Pen XL)
[horseshoe-shaped headrest]

Differences in IOP levels at each time point

Measurement of IOP at 5 different time points (Tono-Pen XL) [skull
pins]

Differences in IOP levels at each time point

Measurement of IOP at 7 different time points (Tono-Pen XL) [skull
clamp]

Differences in IOP levels at each time point T1 A: 2.48
T1 B: 3.44
T1 D: 2.32

Measurement of IOP at 6 to 19 different time points (Tono-Pen XL)
[tong traction]

Differences in IOP levels at each time point T1: 1.97

Measurement of IOP at 3 different time points (Tono-Pen XL) [PL:
pillow or ring-shaped headrest PN: skull pins]

Differences in IOP levels at each time point T1 PL: 1.28
T1 PN: 1.08
T2 PL: 0.58
T2 PN: 0.5

Measurement of IOP at two different time points (Perkins MK2)
[silicone headrest]

Differences in IOP levels at each time point

Measurements of IOP at 4 different time points (Tono-Pen AVIA)
[horseshoe-shaped headrest]

Differences in IOP levels at each time point T1 G: 0.52
T1 S: 0.39
T2 G: 3.9
T2 S: 2.98

Measurements of IOP at 5 different time points (Tono-Pen XL)
[horseshoe-shaped headrest]

Differences in IOP levels at each time point T1 P: 3.01
T1 SEV: 3.61

Table 2. Participant and surgery characteristics (s ¼ 9; N ¼ 229).

Category

No. of

Participants

(No. of Studies)

Mean 6 SD

(Range) or Percentage

Age, y 222 (8) 53.2 6 8.1 (43.3-69)
Sex 222 (8)
Women 100 45.0%
Men 122 55.0%

BMI, kg/m2 155 (5) 24.9 6 1.6 (22.5-27.7)
ASA class I, II, or III 130 (5) 100%
Surgery type 229 (9)
Cranial 16 7.0%
Percutaneous

nephrolithotomy
43 18.8%

Spine 170 74.2%
Anesthesia 222 (8)
General,inhalation 115 51.8%
General, propofol 60 27.0%
General, unspecified 27 12.2%
Spinal 20 9.0%

Duration, min
Anesthesia 24 (1) 247.0 6 9.9 (240-254)
Prone position 44 (2) 161.6 6 70.9 (80-203)
Surgery 74 (4) 156.0 6 24.2 (120-181)

Estimated blood loss, mL 95 (3) 330.1 6 222.1 (120-615)

Abbreviations: ASA, American Society of Anesthesiologists Physical
Classification Status; BMI, body mass index;
s, studies.
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no treatment. Czorlich et al67 reported 1 corneal

irritation in a single eye requiring no treatment.

Hunt et al68 reported 4 patients with facial swelling

(2 with minor periorbital swelling, 2 with severe

facial swelling). There was no relationship between

the severity of facial swelling and increased IOP.

DISCUSSION

The results of this systematic review and analysis

have shown that IOP increases significantly for

adult patients undergoing surgery in the prone

position. As shown in Figure 2, if an individual

had a baseline IOP of 13.3 mm Hg after induction of

anesthesia (as indicated by the pooled mean

calculated for T0), by the end of prone position,

IOP could increase to 30.9 mm Hg (13.3 mm Hg þ
7.5 mm Hgþ 10.1 mm Hg¼ 30.9 mm Hg). Based on

the upper limits of the prediction intervals, IOP

could increase to 71.1 mm Hg (13.3 mm Hg þ 19.8

mm Hg þ 38.0 mm Hg ¼ 71.1 mm Hg). An IOP of

71.1 mm Hg is more than 3 times the highest

parameter of normal IOP (ie, 21 mm Hg).

The mean (SD) IOP for the general population

has been reported as 15.5 (2.5) mm Hg.74 An IOP of

23 mm Hg is 3 standard deviations above the

reported mean (ie, 15.5 mm Hgþ 2.5 mm Hgþ 2.5

mm Hg þ 2.5 mm Hg ¼ 23 mm Hg) and has thus

been considered as a marker of abnormally elevated

IOP.74 Yoshimura et al34 conducted a study to

evaluate predictive factors associated with increased

IOP during spine surgery in the prone position. The

researchers found that a preoperative IOP of 23 mm

Hg or greater was predictive of a postoperative IOP

of 30 mm Hg or greater. Riva et al75 found that the

highest IOP at which the retina was able to maintain

a constant blood flow was a mean (SD) of 29.6 (2)

mm Hg. Pillunat et al76 found that blood flow to the

optic nerve remained nearly constant until IOP

reached 40 mm Hg. The researchers noted, however,

that some individuals do not exhibit autoregulation,

and even a very modest increase in IOP can lead to a

decline in blood flow to the optic nerve.

Table 3. Effect sizes and magnitude of change in IOP for T1 through T2 (s ¼ 9; N ¼ 229).

Time

Points s k n Model d

95% CI

Q I 2 Mean Change in IOPa Prediction IntervalbLL UL

T1 6 11 179 R 2.55* 1.61 3.5 117.8* 91.51 þ7.5 mm Hg þ2.6 mm Hg to þ19.8 mm Hg
T2 3 5 80 R 3.44** 1.25 5.64 86.11* 95.4 þ10.1 mm Hg from T1 þ10.4 mm Hg to þ38.0 mm Hg

Abbreviations: CI, confidence interval; d, standardized mean difference; I2, heterogeneity statistic; IOP, intraocular pressure; k, comparisons; LL, lower limit; Q, Cochrane
Q; R, random effects; s, studies; T1, after induction of anesthesia to 0 to 10 minutes of prone position; T2, 0 to 10 minutes of prone position to the end of prone position;
UL ¼ upper limit.
*P � .001
**P ¼ .002.
aMean effect sizes were converted to the metric used to measure IOP (ie, mm Hg) following the procedures described by Lipsey and Wilson.58
bIn 95% of all populations, the true effect size will fall within this range.

Figure 2. Magnitude of change in intraocular pressure and upper prediction

intervals for T0 (induction of anesthesia) through T2 (0 to 10 minutes of prone

position to the end of prone position). IOP indicates intraocular pressure; T, time

point. Intraocular pressure increases significantly when the patient is placed in

prone position (T1 [after induction of anesthesia to 0 to 10 minutes of prone

position]:þ7.5 mm Hg; P , .001) and continues to increase significantly until the

end of prone position (T2: þ10.1 mm Hg; P ¼ 0.002). The upper prediction

interval shows that in 95% of all populations, at the end of prone position, IOP

could increase to 71.1 mm Hg (13.3 mm Hgþ19.8 mm Hgþ38.0 mm Hg¼71.1

mm Hg). *Pooled mean at T0.

Figure 3. Forest plot of meta-analysis of T1 (after induction of anesthesia to 0

to 10 minutes of prone position). This analysis included 6 studies representing

11 participant groups (n ¼ 179). Effect sizes were calculated using a random

effects model. The area of each square is proportional to study weight.
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Implications for Practice

Increased IOP puts the patient at risk for
glaucoma, detached retina, or partial to complete
vision loss.20,23,24 Intraocular pressure increases of
the magnitude found in this systematic review and
meta-analysis clearly demonstrate the need for
implementing intraoperative interventions to miti-
gate the increase in IOP and reduce the potential for
serious ocular complications in patients undergoing
surgery in the prone position.

Positioning the patient in a 5- to 10-degree reverse
Trendelenburg prone position may be a simple
intervention to prevent some instances of postoper-
ative vision loss. This position has been shown to
decrease IOP in healthy volunteers77,78 and in
patients undergoing spine surgery.1,74,79–81 Position-
ing surgical patients with the head above the heart
helps reduce venous congestion in the eye and orbit
and decrease intraocular and intraorbital pres-
sure.25,81–83 Reducing the length of time the patient
is in the prone position may also help to mitigate the
increase in IOP. The ASA Task Force on Periop-
erative Visual Loss et al84 considers procedures to
be prolonged when they exceed an average of 6.5
hours duration (range: 2 to 12 hours) and they
suggest staging procedures when patients will be in
the prone position for prolonged periods of time.
Using a series of shorter procedures rather than 1
prolonged procedure may help reduce the patient’s
risk for postoperative vision loss; however, the risks
associated with multiple surgeries may outweigh the
benefits of staged procedures.16

Because IOP increases during prone position,
intraoperative monitoring of IOP either continu-
ously or at established intervals or time points (eg,
after initiation of prone position, after every 60
minutes of prone position, etc.) seems prudent.

Yoshimura et al34 suggested that measuring IOPs
after 1 hour of surgery in the prone position could
provide an opportunity for implementing interven-
tions to prevent additional increases in IOP.
Eddama30 also suggested that regular measurement
of IOP during prolonged surgeries provides an
opportunity for implementing a change in the
patient’s position when critical thresholds are
reached.

Implementing periodic intraoperative position
changes or rest periods (where the ocular level is
above the heart) can help to reduce IOP. Molloy
and Watson85 implemented a 5- to 7-minute level
supine intervention after 60 minutes of steep
Trendelenburg position and found there was a
significant decrease in IOP.

When the patient is in the prone position, there is
a risk for direct compression on the eye.81 Yu et al86

found that the prone position was a precipitating
factor for eye injury. Preventing direct pressure and
assessing and monitoring the patient’s eyes at
regular intervals throughout the procedure may
help to reduce the incidence of postoperative vision
loss.12,16,82,84 Avoiding specific headrests or posi-
tioning devices that may increase pressure on the eye
(eg, horseshoe-shaped, Wilson frame) or using skull
pins or tongs to position the head may also help to
prevent pressure on the orbits and reduce the risk
for postoperative vision loss.4,5,8–10,14,19 Direct
compression from a horseshoe-shaped head posi-
tioner has been reported as a cause of postoperative
vision loss when the patient is in the prone
position.3,5,8–10,12,19 In a case-controlled study of
80 patients with ischemic optic neuropathy com-

Figure 4. Forest plot of meta-analysis of T2 (0 to 10 minutes of prone position

to the end of prone position). This analysis included 3 studies representing 5

participant groups (n¼ 80). Effect sizes were calculated using a random effects

model. The area of each square is proportional to study weight.

Figure 5. Funnel plot of publication bias for T1 (after induction of anesthesia to

0 to 10 minutes of prone position). Larger studies are shown at the top of the

funnel. Positive smaller studies should appear at the right of the mean effect

size (ie, center line). The significant Egger regression intercept for this funnel

plot (bias ¼ 9.11; P ¼ .00015) may be indicative of potential publication bias in

the studies included in the meta-analysis for this time point. However, the Orwin

fail-safe N is 177, suggesting a need for 177 additional studies with an effect

size of 0 before the cumulative effect would become trivial (defined as a Cohen

d of 0.1).
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pared with 315 matched control patients, the ASA
Postoperative Visual Loss Study Group87 found
that Wilson frame use was an independent risk
factor for postoperative vision loss.

Administering specific medications or anesthetics
may also be effective in reducing IOP or mitigating
the intraoperative increase in IOP.69,70,88 Pinar et
al69 found that the increase in IOP was significantly
less in patients undergoing lumbar disc surgery in
the prone position under spinal anesthesia com-
pared with patients receiving general anesthesia.
Sugata et al70 found that IOPs were higher in
patients undergoing prone spine surgery with
general anesthesia maintained with sevoflurane
compared with patients receiving general anesthesia
maintained with intravenous propofol. Farag et al88

found that the administration of topical brimoni-
dine 2% helped reduce intraoperative IOP.

Another important consideration for practice is
the need to evaluate whether patients undergoing
surgery in the prone position should receive a
preoperative ophthalmologic examination to reduce
the risk for ocular injury.18,21,26,27,81 Preoperative
ophthalmologic examinations may be helpful in
identifying patients at risk for postoperative vision
loss. Increases in IOP may be more harmful in older
patients, patients with risk factors for postoperative
vision loss, or in patients who are predisposed to
developing diabetes or glaucoma than in younger,
healthier patients.17,19,26,27,84 Patients at risk for
acute angle-closure glaucoma associated with the
prone position may benefit from preoperative laser
iridotomy.26,27 The ASA Task Force on Perioper-
ative Visual Loss et al84 recommend evaluating the
need for preoperative ophthalmologic examination
on a case-by-case basis.

Implications for Future Research

Further research relative to the magnitude of IOP
increases in patients undergoing surgery in the
prone position is warranted. To allow for consistent
data collection, comparison, meta-analysis, and
reporting, researchers of future studies should use
standardized time points for measurement (ie,
before induction, after induction, after change to
prone position and every 60 minutes thereafter, after
return to supine position, and postoperatively).
Further, researchers should present data in a
consistent format for each time point (ie, sample
size, mean, SD).

Limitations

This systematic review and meta-analyses has
several limitations. The number of included studies
and participants is small (s¼ 9; N¼ 229). As shown
in Figure 1, studies were excluded for a variety of
reasons; however, 5 studies were excluded from the
analyses solely because of a lack of data necessary to
calculate an effect size. The researchers were
contacted a minimum of 2 times to obtain missing
data, but none responded. One researcher excluded
participants based on BMI67; therefore, the mean
value for this variable may not fully reflect the true
characteristics of all adult surgical patients.

The meta-analysis examined only 2 intraoperative
time points. The analysis for T2 reflects IOP
measurements from patients in the prone position
for varying lengths of time. Having data for specific
time points would be preferable. This lack of data
collection by researchers is likely due to the
difficulty of measuring IOP with the patient in
prone position. Because researchers measured IOP
at varying intraoperative time points, all studies
could not be included at all time points examined in
the meta-analysis. Additionally, there were not
enough studies included at each time point to allow
for moderator analyses.

Heterogeneity was significant at both time points
(T1: I2 ¼ 91.5, P , .001; T2: I2 ¼ 95.4, P , .001),
indicating that variation across studies was sub-
stantial, potentially limiting generalizability. Nota-
bly, heterogeneity among the studies included in a
meta-analysis is common and should be anticipated,
not regarded as the exception.51 The significant
Egger regression intercept for the funnel plot (bias¼
9.2; P ¼ .00019) may also be indicative of potential
publication bias in the studies included in the meta-
analysis. The Egger test has low power for meta-
analyses containing small to moderate numbers of
studies.59 However, the Orwin fail-safe N is 177,
suggesting a need for 177 additional studies with an
effect size of 0 before the cumulative effect would
become trivial (defined as a Cohen d of 0.1). With
such high numbers of studies required to overturn
the conclusions of the meta-analysis, the overall
observed effect size can be considered robust.59,62

CONCLUSION

Intraocular pressure increases significantly be-
tween induction of anesthesia and the end of prone
position. The IOP increases significantly within 10
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minutes after the patient is placed into the prone
position and continues to increase significantly
while the patient is in prone position. The IOP
increases of the magnitude found in this systematic
review and meta-analysis clearly demonstrate the
need for implementing interventions to mitigate the
increase in IOP and reduce the risk for postopera-
tive vision loss and other ocular complications in
patients undergoing surgery in the prone position.
Implementing the recommended interventions pre-
sents no harm to the patient, but may benefit the
patient by reducing the risk for increased IOP that
may lead to glaucoma, detached retina, or postop-
erative vision loss.
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