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ABSTRACT

Background and Objectives: Pneumoperitoneum dur-
ing laparoscopy can produce changes in intraocular pres-
sure (IOP) that may be influenced by several factors. In
this study, we investigated changes in IOP during lapa-
roscopy with different positioning.

Methods: We recruited adult patients without eye disease
scheduled to undergo laparoscopic operation requiring a
reverse Trendelenburg tilt (rTr; group A; n � 20) or Tren-
delenburg tilt (Tr; Group B; n � 20). IOP was measured at
7 time points (T1–T7). All procedures were performed
with standardized anaesthetic protocol. Mean arterial
pressure (MAP), heart rate (HR), peak and plateau airway
pressure, and end-tidal carbon dioxide (ETCO2) measure-
ments were taken at each time point.

Results: Both groups were similar in age, sex, mean body
mass index (BMI), duration of surgery, and preoperative
IOP. A decrease in IOP was observed in both groups after
induction of anaesthesia (T2), whereas induction of pneu-
moperitoneum produced a mild increase in IOP (T3) in
both groups. The Trendelenburg tilt produced IOP eleva-
tions in 80% of patients compared to 45% after the reverse
Trendelenburg tilt (P � .012). A significant IOP increase of
5 mm Hg or more was recorded in 3 (15%) patients in the
Trendelenburg tilt group and in none in the reverse Tren-
delenburg group. At T7, IOP had returned to preoperative
levels in all but 3 (15%) in the Trendelenburg and 1 (5%)
in the reverse Trendelenburg group. Reversible changes
were observed in the MAP, HR, ETCO2, and airway pres-
sures in both groups.

Conclusions: IOP changes induced by laparoscopy are
realigned after evacuation of pneumoperitoneum. A Tren-
delenburg tilt however produced significant changes that
may require careful patient monitoring during laparo-
scopic procedures.
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INTRODUCTION

Visual impairment after nonophthalmic surgery is uncom-
mon, and complete visual loss is rare. Studies from the
United States have reported various incidences with dif-
ferent surgical procedures, with cardiac surgery (8.64/
10,000) and spinal fusion (3.09/10,000) accounting for the
commonest incidences, whereas appendectomy had a
rate of postoperative visual loss (POVL) of only 0.12/
10,000.1 Visual loss after surgery has been attributed to
ischemic optic neuropathy (ION), cortical blindness (CB),
or retinal vascular occlusion (RVO).2–4 Although the im-
mediate cause of these remain unclear, reduction in ocular
perfusion is central to all of the pathways.5,6 Ocular per-
fusion pressure, which is determined by the difference
between main arterial pressure (MAP) and intraocular
pressure (IOP) is known to be altered in surgical proce-
dures where significant IOP fluctuations may occur.3,7

Laparoscopy and other forms of minimally invasive sur-
geries are increasingly popular in surgical practice. With
many proven advantages over conventional open surger-
ies, laparoscopy is now increasingly used for most general
abdominal and gynecological procedures.8–11 The pneu-
moperitoneum induced and maintained during laparos-
copy, however, has been shown to produce significant
increases in IOP that may potentially alter ocular perfu-
sion, raising concerns about possibilities of POVL after
laparoscopic surgery.12–14 There is an increasing number
of reports of significant ocular complications and POVL
after laparoscopic surgery.15–18 With this in mind, in many
studies, researchers have investigated the relationship
between IOP changes during laparoscopy and different
anaesthetic agents employed, whereas few have inves-
tigated the role of steep Trendelenburg position on IOP
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changes.19–22 The changes in IOP with normal Trendelen-
burg and reverse Trendelenburg positions have not been
fully investigated. We sought therefore to evaluate the
changes in IOP with such changes in patient position
during laparoscopic surgeries.

The severity of optic nerve damage from elevated IOP has
been shown to be influenced by several factors, such as
ethnicity, genetic susceptibility, age, sex, and other fac-
tors. To the best of our knowledge, IOP variations during
laparoscopic surgical procedures with pneumoperito-
neum have not been investigated in an indigenous African
population. This study was therefore set to investigate IOP
changes among indigenous African patients undergoing
elective laparoscopic surgical procedures.

METHOD

We included adult patients aged 30–65 years of American
Society of Anesthesiologists (ASA) physical status class 1
or 2 who were undergoing laparoscopic operation for
upper (group A) or lower abdominal/pelvic (group B)
conditions. The study excluded those with preoperative
IOP more than 20 mm Hg, a known diagnosis of glau-
coma, acute or chronic eye infection, and body mass
index (BMI) greater that 35 kg/m2.

Each patient had preoperative evaluations during which
we documented age, sex, BMI, and presence of comor-
bidities. Eye examinations and measurements were per-
formed by experienced consultant ophthalmologists
(OHO and OOA) to select those meeting the inclusion
criteria. Baseline IOP in both eyes were recorded (T0)
with a Perkin’s Applanation Tonometer Mk2 (Haag Streit
UK Ltd., Harlow, UK) after the instillation of topical Tet-
racain (Alcon, Fort Worth, Texas, USA) and preservative-
free Minims fluorescein dye (iNova Pharmaceuticals,
Chatsworth, NSW, Australia). All surgical procedures were
performed under general anaesthesia with cuffed endo-
tracheal intubation. Premedication was performed with
atropine 0.6–1.0 m, and all patients had preoperative
cefuroxime 1.5 g. Intravenous (IV) fentanyl 1–2 �g/kg,
and propofol 1–2 mg/kg were used for induction of an-
aesthesia. IV suxamethonium 1–1.5 mg/kg was used, and
endotracheal intubation secured. Anaesthesia was main-
tained with isoflurane 1%–2% in oxygen. Muscle relax-
ation was achieved with IV pancuronium 0.1 mg/kg stat,
with top up as appropriate, with IV fentanyl for intraop-
erative analgesia. During surgery, we used a GE Dash
4000 Multiparameter monitor (GE Healthcare, Milwaukee,
Wisconsin, USA) for monitoring of SaO2, end-tidal carbon
dioxide (ETCO2), noninvasive blood pressure (NIBP), and

electrocardiogram (ECG). At the completion of surgery,
reversal was achieved with atropine 1.2 mg and neostig-
mine 2.5 mg. All patients received postoperative analgesia
as appropriate.

During surgery, IOP, MAP, and (HR) were measured at the
following time points: T1: before the induction of anaes-
thesia; T2: 5 min after the induction of anaesthesia, before
pneumoperitoneum, in a supine, horizontal position, me-
chanically ventilated; T3: 5 min after the pneumoperito-
neum was established; T4: pneumoperitoneum estab-
lished, 5 min after a 15°–20° reverse Trendelenburg tilt
(group A) or 15°–20° Trendelenburg tilt (group B); T5:
pneumoperitoneum established, 5 min after return to the
horizontal position; T6: 5 min after the pneumoperito-
neum was evacuated; and T7: in the recovery room, half-
seated, 20 min after tracheal extubation.

The peak and plateau airway pressures as well as the
ETCO2 levels were recorded at times T2 through T6.

All laparoscopic procedures were performed by a single
surgeon (AOA) adopting standard techniques. All pa-
tients were followed up in the outpatient clinic after
discharge. Those with significantly elevated IOP during
surgery were serially reviewed in the ophthalmology
unit. The study protocol was approved by the Ethics
and Research Committee of the hospital. Informed con-
sent was obtained from all patients before they were
recruited into the study.

Data generated were entered into a personal computer by
using Stata, Version 13 (StataCorp., College Station, Texas,
USA). Descriptive statistics were performed with frequen-
cies, percentages, and frequency tables for categorical
variables. The mean IOP changes in patients undergoing
laparoscopy with different intraoperative position
changes were calculated. Student’s t test was performed at
bivariate level to examine the mean difference of age,
BMI, and bilateral preoperative IOP within the groups. For
the categorical background variables (gender, duration of
surgery), a �2 test was performed to examine the associ-
ations.

RESULTS

Forty patients in 2 groups of 20 each were included in the
study. Twenty had laparoscopic procedures requiring a
reverse Trendelenburg tilt (group A) whereas 20 others
had laparoscopic procedures requiring a Trendelenburg
tilt (group B). Most patients (4 of every 5) were women.
The age range was 19–69 years with a mean of 40.43 �
12.93 years. Twenty-eight (70%) were ASA 1 and 12 (30%)
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were ASA 2. Mean BMI was 27.06 � 5.74 kg/m2 (range,
18–35). Mean baseline IOPs of patients in both groups
were 13.08 � 3.17 in the right eye (RE) and 13.50 � 2.94
in the left eye (LE). Mean interpalpebral fissures were
9.18 � 2.873 cm RE and 9.19 � 2.926 cm LE. There were
no statistically significant differences between the 2
groups in age, sex, mean BMI, duration of surgery, and
preoperative IOP (T0), as shown in Table 1.

From baseline (T1), a decrease in IOP was observed in all
patients in both groups after induction of anaesthesia
(T2). The decrease ranged from 1 to 6 mm Hg (mean,
2.55) RE in the reverse Trendelenburg and 1–8 mm Hg
(mean, 2.85) RE in the Trendelenburg group. On the
contrary, pneumoperitoneum induction produced a mild
increase in IOP (T3), with a mean difference of �2.85 mm
Hg RE in the reverse Trendelenburg and �0.40 mm Hg in
the Trendelenburg group (Figure 1, Table 2).

When patients were tilted into the different positions, 36
(90%) had changes in IOP. Of these, 25 (62.5%) had IOP
elevations, with 16 of 20 (80%) having elevations after
Trendelenburg tilt and 9 of 20 (45%) having elevations in
the reverse Trendelenburg group. On the contrary, only 2
of 20 (10%) had a reduction in IOP after the Trendelen-
burg tilt, whereas 9 of 20 (45%) recorded IOP reduction
after the reverse Trendelenburg tilt. The difference was
statistically significant (P � .012). A significant IOP in-
crease of 5 mm Hg or more was recorded in 3 (15%)
patients undergoing the Trendelenburg tilt and in none of
the patients with the reverse Trendelenburg tilt. The dif-
ference was not statistically significant (P � .556).

After evacuation of pneumoperitoneum and extubation,
IOP returned to preoperative levels in most patients in
both groups. At time T7, only 4 (10%) of the patients had
a significant increase (�5 mm Hg)above the T1 level,
including 3 (15%) patients in the Trendelenburg and 1
(5%) in the reverse Trendelenburg group. None of these
required treatment on follow-up with resolution of the
increase in all instances.

Figure 1. Mean IOP changes during laparoscopic surgery. Tr: Trendelenburg; rTr: reverse Trendelenburg; RE: right eye.

Table 1.
Baseline Characteristics of Patients

Group A (rTr)
(n � 20)

Group B (Tr)
(n � 20)

P

Mean age (y) 36.60 34.25 0.0604

Gender

Male 3 5

Female 17 15 0.695

Duration of surgery
(min)

�60 8 7

60–90 10 13 0.293

�90 2 0

Mean preoperative
IOP

RE 13.70 12.45 0.217

LE 13.85 13.15 0.457

Mean BMI (kg/m2) 27.61 26.38 0.6629

Tr: Trendelenburg; rTr: reverse Trendelenburg.
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In all patients in both groups, MAP dropped by 14–22 mm
Hg after induction of anaesthesia (T2) but rose by 5–10
mm Hg after abdominal insufflation to 14 mm Hg for
pneumoperitoneum in both groups (T3). These values
stabilized, however, and MAP reverted to normal levels
after evacuation of pneumoperitoneum and patient extu-
bation (Figure 2). A slight increase in HR accompanied
induction of anaesthesia in all patients in both groups. HR,
however, returned to preoperative values in all patients at
time T7 (Figure 3). Both the peak and plateau airway
pressures increased by a mean of 5 mm Hg after abdom-
inal insufflation, but returned to a normal level after desuf-
flation at time T6 (Figures 4 and 5). ETCO2 rose from the
time of insufflation throughout the procedure until the
time of abdominal desufflation. The values, however, re-
mained within normal limits in all patients in both groups
(Figure 6).

DISCUSSION

The potential of perioperative visual loss during laparoscopy
and possible factors influencing it remain unclear. The pres-

Table 2.
Mean IOP Changes With Trendelenburg Positions

T0 T1 T2 T3 T4 T5 T6 T7

Trendelenburg

RE 12.45 12.70 9.85 10.25 13.90 13.60 13.50 11.20

(SEM) 0.731 0.704 0.723 0.906 1.121 0.996 1.151 0.783

LE 13.15 12.95 9.40 9.35 12.90 12.40 11.80 11.35

(SEM) .658 .675 .838 .871 1.015 .919 0.939 0.880

Reverse Trendelenburg

RE 13.70 14.70 12.15 15.00 14.75 15.15 14.40 14.65

(SEM) 0.677 0.696 0.971 0.912 0.888 0.949 1.047 1.029

LE 13.85 16.30 12.75 14.55 13.50 13.95 13.65 14.05

(SEM) .642 0.653 1.066 0.884 0.686 0.796 0.847 0.803

Data are mean IOP with SEM. RE, right eye; LE, left eye.

Figure 2. MAP changes during laparoscopic surgery. Tr: Tren-
delenburg; rTr: reverse Trendelenburg.

Figure 3. Changes in HR of patients during laparoscopic sur-
gery. Tr: Trendelenburg; rTr: reverse Trendelenburg.

Figure 4. Changes in peak airway pressure during laparoscopic
surgery. Tr: Trendelenburg; rTr: reverse Trendelenburg.
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ent study was undertaken to evaluate changes in IOP that
might be related to patient positioning during laparoscopic
surgery. We recruited a similar number of patients (n � 20)
in each of the 2 groups studied. Both groups had similar
preoperative characteristics with no statistically significant
difference in their preoperative IOP, age, sex, and mean
BMI, which are some of the main factors influencing intra-
operative changes in IOP. We equally standardized the an-
aesthetic processes, and all operations were performed by a
single surgeon to eliminate most of the other factors that may
influence the findings of this study.

We observed a significant decrease in IOP after establish-
ment of anesthesia. This decrease was inversely related to
the HR but directly related to the MAP of patients in both
groups. Similar decreases unrelated to changes in HR and
or MAP has been reported in other studies.20,23 This de-
crease was found to occur irrespective of the combination
of anesthetic agents employed, but induction with propo-
fol, which we used in our study, has been reported to
produce the greatest decrease in IOP.20 Similarly, we ob-

served elevation in IOP after abdominal insufflation with
CO2 to create pneumoperitoneum in most patients in both
groups. This finding is similar to those in other reports.12,13

The increase in IOP was directly related to MAP in our
patients. The etiology of perioperative visual loss is
thought to be directly influenced by alterations in ocular
perfusion pressure from changes in MAP and to be indi-
rectly related to IOP elevation.

The main finding of this study was that IOP increased with
induction of pneumoperitoneum, but there was a trend
toward a greater increase in IOP with standard Trendelen-
burg tilt compared to a reverse Trendelenburg tilt, which
was associated with a slight reduction in IOP in several
patients. These changes, however, were reversed in pa-
tients when intra-abdominal pressure was not more than
14 mm Hg and operative time was not beyond 90 minutes.
Only 4 (10%) of patients in the study showed an elevation
in IOP beyond the usual diurnal variation of 5 mm Hg, and
none of the pressures reached glaucomatous range on
follow-up. These findings suggests that perhaps a steep
Trendelenburg positioning, as well as prolonged duration
of surgery, are more important factors in attaining more
dangerous elevations of IOP in patients undergoing lap-
aroscopy than the standard pneumoperitoneum induction
for routine cases. Many of the studies highlighting POVL
and markedly elevated IOP changes (reaching glaucoma-
tous range) after laparoscopic surgery had been per-
formed with steep Trendelenburg position or in pro-
longed procedures.12–14,19,21,22,24,25 Mondzelewski et al22

observed a significantly elevated IOP in patients under-
going robot-assisted laparoscopic procedures in steep
Trendelenburg position compared with IOP in those un-
dergoing laparoscopy or open procedures in a horizontal
position, further highlighting the role of positioning over
and above that of pneumoperitoneum in significant IOP
elevations. A recent study performed among patients un-
dergoing laparoscopic colorectal surgery showed greater
IOP elevation in both eyes of patients in Trendelenburg
position during the surgical procedure, but found no sub-
stantial difference between the Trendelenburg and non-
Trendelenburg group when IOP was measured 48 hours
after surgery.14 The surgeons also did not use the steep
positioning, suggesting that, as we found in the current
study, the changes are reversed after pneumoperitoneum
is evacuated if a steep positioning has not been used for a
prolonged surgery. A larger population study to evaluate
the long-term effects of IOP changes after such proce-
dures would be useful for this purpose. Several groups are
currently investigating the role of topical and or systemic
agents in the prevention and management of significant

Figure 5. Changes in plateau airway pressure during laparo-
scopic surgery. Tr: Trendelenburg; rTr: reverse Trendelenburg.

Figure 6. ETCO2 measurements during laparoscopic surgery. Tr:
Trendelenburg; rTr: reverse Trendelenburg.
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intraoperative IOP elevations, with promising results, and
some of these may become clinically relevant in the near
future.25,26 It is pertinent, however, to adopt preventive
measures, such as strict hemodynamic control, avoidance
of prolonged steep Trendelenburg positioning, and re-
duction in total operative time, to prevent or reduce the
chance of POVL.

In conclusion, this study has shown that IOP declines with
induction of anesthesia, increases with induction of pneu-
moperitoneum and may rise further with placement in
Trendelenburg positions during routine laparoscopic pro-
cedures. We found realignment of the IOP after evacua-
tion of pneumoperitoneum with no long-term changes in
IOP or permanent ocular damage. Further studies are
desirable to determine the relationship between steep
Trendelenburg positioning during prolonged procedures
and prolonged IOP changes and to understand the patho-
genesis of ocular damage after laparoscopy.
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