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ABSTRACT | Purpose: Obesity is accepted as a risk factor
for postoperative visual loss due to possible perioperative
elevations in intraocular pressure. This study investigated
whether intraocular pressure changes differed according to
the body mass index of patients undergoing laparoscopic
cholecystectomy. Methods: Thirty obese and 30 non-obese
patients (body mass index cutoff point, 30 kg/m?) undergoing
laparoscopic cholecystectomy were enrolled. Intraocular
pressure was measured at baseline (T1), after induction of
anesthesia (T2), 5 min after initiation of mechanical ventilation
(T3), 5 min after pneumoperitoneum inflation (T4), 5 min after
the patient was placed in the head-up position (T5), 5 min after
deflation with the patient in the supine position (T6), and 5
min after extubation with the patient in the 30 degrees upright
position (T7). Results: The mean intraocular pressure values
of the obese and non-obese groups were similar at T1 (16.60
+ 2.93 and 16.87 + 2.85 mmHg respectively). In both groups,
intraocular pressure decreased following initiation of anesthesia
(T2) (p<0.001, T2 vs T1). Intraocular pressure values at T7
were significantly higher than those at T1 in the obese (20.38
+ 4.11 mmHg, p<0.001) and non-obese (20.93 + 4.37 mmHg,
p<0.01) groups. There were no significant differences between
intraocular pressure values of obese and non-obese patients at
any time point. Conclusions: Obesity is not correlated with
intraocular pressure during short laparoscopic surgeries with
the patient in the head-up position.
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RESUMO | Objetivo: A obesidade é aceita como um fator de risco
para a perda visual pés-operatéria devido a possiveis elevagdes
perioperatérias da pressdo intraocular. Este estudo investigou
se as alteragdes na presséo intraocular diferem de acordo com
o indice de massa corporal dos pacientes submetidos a colecis-
tectomia laparoscépica. Métodos: Trinta pacientes obesos e 30
ndo-obesos (limiar de indice de massa corporal de 30 kg/m?),
submetidos a colecistectomia laparoscépica foram incluidos. A
pressao intraocular foi medida no inicio do estudo (T1), apés
a inducdo anestésica (T2), 5 min apés o inicio da ventilagao
mecanica (T3), 5 min apés a insuflagdo do pneumoperitoneo
(T4), 5 min ap6s o posicionamento vertical da cabega (T5), 5
min apds a deflacdo na posicdo em decibito dorsal (T6) e 5 min
apds a extubagdo com o paciente na posigao vertical de 30 graus
(T7). Resultados: Os valores médios da pressao intraocular dos
grupos obeso e ndo obeso foram semelhantes no T1 (16,60 +
2,93 e 16,87 + 2,85 mmHg, respectivamente). Em ambos os
grupos, a pressao intraocular diminuiu apés o inicio da anestesia
(T2) (p<0,001, T2 vs T1). Os valores da pressdo intraocular
em T7 foram significativamente maiores do que aqueles em
T1 nos grupos obesos (20,38 + 4,11 mmHg, p<0,001) e ndo
obesos (20,93 + 4,37 mmHg, p<0,01). Nao houve diferengas
significativas entre os valores de pressao intraocular de pacientes
obesos e ndo obesos em qualquer momento. Conclusées: A
obesidade nao esta correlacionada com a pressao intraocular
durante cirurgias laparoscépicas curtas com o paciente em
posicdo de cabeca erguida.

Descritores: Laparoscopia; Pressao intraocular/etiologia; Obe-
sidade/complicagdes; Perda visual

INTRODUCTION

Laparoscopic surgeries are encouraged for obese
patients because of the shorter hospital stay, less pos-
toperative pain, and fewer wound complications2.
However, pneumoperitoneum created for laparoscopic
surgery is associated with many physiological changes
that may lead to increased intraocular pressure (I0P)®.
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Furthermore, the increase in intra-abdominal pressure
could accentuate the effects of atelectasis that are already
increased by general anesthesia, especially in obese pa-
tients. The administration of 10 cm H,O PEEP (positive
end-expiratory pressure) in mechanically ventilated pa-
tients was found to reduce the formation of atelectasis in
both obese and normal-weight patients**. On the other
hand, PEEP decreases venous return to the heart, which
increases orbital venous pressure®. Obesity decreases
the drainage of the episcleral veins due to the increased
amount of fatty tissue in the orbital cavity, which rises
the 10P by reduction in aqueous humour outflow.
Concomitant induction of pneumoperitoneum and
administration of PEEP may produce significant changes
in IOP in obese patients. It is well known that increased
IOP can result in ischemic optic neuropathy, the most
common type of postoperative vision loss, in the setting
of nonophthalmic surgery®?.

Previous studies have reported that laparoscopic
surgery performed with intraperitoneal carbon dioxide
insufflation may result in increased 1OP"%'"; however,
there is a lack of data from obese patients. The aim of this
study was to investigate changes in IOP in obese patients
undergoing laparoscopic cholecystectomy at different
time points and body positions throughout the proce-
dure and to explore the accompanying perioperative
factors that influence 10P.

METHODS

The study was performed at Konya Training and Re-
search Hospital, Konya, Turkey. All study documents and
procedures were approved by the institutional review
board of Necmettin Erbakan University, Konya, Turkey,
and were in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all pa-
tients. The study included 60 patients aged between 18
and 65 years with American Society of Anesthesiolo-
gists (ASA) physical status class 1 or 11 and who were
scheduled to undergo laparoscopic cholecystectomy.
Patients were classified as non-obese if their body mass
index (BMI) was <30 kg/m? and as obese if their BMI
was 230 kg/m*'?. The height and weight of each patient
were measured using a standardized height chart and an
electronic scale during a preoperative visit. All patients
underwent baseline ophthalmic examinations to rule
out any ocular pathology. The exclusion criteria inclu-
ded preexisting acute or chronic eye disease; history of
eye surgery; current use of systemic B-blockers, calcium

channel blockers, or steroids; pregnancy; pulmonary
disease; and patient refusal. Patients with preoperative
sitting IOP >21 were also excluded.

All patients received the standardized anesthesia
protocol, which included standard monitoring (electro-
cardiography, noninvasive blood pressure, pulse oxime-
try, and end-tidal CO, [ETCO,]) and continuous intrao-
perative infusion of 5 ml/kg/h 0.9% sodium chloride
solution.

Anesthesia was induced with propofol 1.5-2.5 mg/kg
lean body weight (LBW), fentanyl 2-3 pg/kg LBW, and
rocuronium 0.6-1 mg/kg ideal body weight (IBW).
Anesthesia was maintained with 1.5%-2.5% end-tidal
sevoflurane concentration in an air/oxygen mixture with
a fraction of inspired oxygen (FiO,) of 0.4. Mean arte-
rial pressure (MAP) was maintained within 20% of the
preinduction value by titrating remifentanil infusion
between 0.025 and 0.2 pg/kg/min. Volume-control mode
with a tidal volume of 7 ml/kg IBW and 10 cmH,O PEEP
was used for ventilation of the lungs. The ETCO, level
was maintained between 35 and 40 mmHg by adjusting
the respiratory rate. The reversal of the neuromuscular
blockade was performed by administering neostigmine
50 ug/kg and atropine 10 pg/kg intravenously at the end
of the surgery.

1OP measurements were made with Tono-Pen AVIA
(Reichert, NY, USA) on the left eye for each position after
the instillation of topical anesthesia with proparacaine
hydrochloride 0.5% solution. The probe was located
perpendicular to the corneal plane and along the visual
axis while measurements were taken. The average was
obtained of two repeated IOP measurements that were
within 2 mmHg and that had <5% error as indicated
in the Tono-Pen instruction manual. A repeat measu-
rement was performed if the first two measurements
differed by 3 mmHg or more, with outlier measurements
excluded. The same ophthalmologist performed all IOP
measurements. The ocular perfusion pressure (OPP)
was calculated from the measured MAP and 1OP. The
following equation was used to calculate OPP:

| OPP= 2/3 MAP - IOP |

Pneumoperitoneum was created by intraperitoneal
insufflation of CO, while the patient was in the supine
position. Later, the patient was placed in the reverse
Trendelenburg position (15 degrees from horizontal).
Intraperitoneal pressure was maintained at 12 mmHg
throughout the surgery.
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10P, OPP, MAP, and ETCO, were measured at se-
ven predefined time points. Peak (P peak) and mean
(P mean) airway pressures were recorded at time points
T3 to T6. The time points were the following: T1: Befo-
re induction of anesthesia (with the patient awake and
resting in the supine position). T2: After induction of
anesthesia with the patient in the supine position. T3:
5 min after initiation of mechanical ventilation with the
patient in the supine position. T4: 5 min after insuffla-
tion of the abdomen with CO, with the patient in the
supine position. T5: 5 min after the head and upper
body were elevated at 15 degrees with the abdomen still
insufflated with CO,. T6: 5 min after desufflation of the
abdomen with the patient in the supine position. T7:
5 min after extubation with the head and upper body
elevated by 30 degrees.

Statistical analysis

SPSS software version 21.0 (SPSS, Chicago, IL, USA)
was used for data analysis. The normality of the distri-
bution of continuous variables was determined by the
Kolmogorov-Smirnov test. Descriptive statistics for con-
tinuous variables were expressed as means + SD or me-
dians (25"-75" percentile), where applicable. Meanwhile,
the categorical data were expressed as numbers of cases
and percentages.

Mean differences between groups were compared
by Student’s t-test, while the Mann-Whitney U test was
applied for comparison of data that were not normally
distributed. The categorical data were analyzed using
the continuity-corrected chi-square test.

Analysis of variance (ANOVA) with repeated measu-
res was applied to determine whether differences in [OP
and hemodynamic parameters at different measurement
times were statistically significant. If the p-value from
the Wilks’ lambda test indicated a statistically significant
difference, Bonferroni adjusted multiple comparison
was used to determine which differences between mea-
surements at different times were significantly different.
Whether the differences in airway pressures among
measurement times within groups were statistically
significant was evaluated using the Friedman test. If the
p-value from the Friedman test indicated a statistically
significant difference, the Bonferroni adjusted Wilcoxon
signed rank test was used to determine which diffe-
rences between measurements at different times were
significantly different. A p-value <0.05 was considered
to indicate a statistically significant difference.
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Estimation of sample size

The primary outcome of the study was the difference
in 10P between obese and non-obese patients under-
going laparoscopic cholecystectomy. A total sample
size of 46 (23 patients in each group) was estimated to
detect a difference of at least 3 mmHg in actual change
of intraocular pressure (AIOP) at a standard deviation
of 3 mmHg in each group, with a power of 95% and an
o error of 0.05. We chose a difference of at least 3 mmHg
because the repeatability of Tono-Pen AVIA has been
shown to be about 3 mmHg in approximately 85% of
subjects in the literature"®. Therefore, we decided to
include 30 patients in each group to allow for dropout
cases. Sample size estimation was performed by using
G*Power (Franz Faul, Universitat Kiel, Kiel, Germany),
version 3.0.10.

RESULTS

A total of 60 consecutive subjects in the obese and
non-obese groups were recruited. The patients’ charac-
teristics are shown in table 1. There were no differences
between obese and non-obese patients in mean age, sex
ratio, duration of surgery, and baseline 10P levels. The
mean BMI was 35.0 + 3.5 kg/m? in the obese group and
23.5 + 2.3 kg/m?in the non-obese group. The percenta-
ge of patients with ASA physical status Il was 53.3% in
the obese group and 20% in the non-obese group.

Table 1. Patient characteristics

Non-obese

Variable (n=30) Obese (n=30) p-value
Age (yr) 41.6 + 13.8 45.8 £ 11.5 0.202*
Gender [no. (%)] 0.398¢

Female 19 (63.3) 23 (76.7)

Male 11 (36.7) 7 (23.3)
Weight (kg) 68.0 + 11.7 92.3 + 8.5 -
Height (cm) 169.8 + 10.0 162.6 + 7.2 -
BMI (kg/m?) 235 & 2.3 350 &£ &5 -
ASA [no. (%)] 0.016*

1 24 (80.0) 14 (46.7)

2 6 (20.0) 16 (53.3)
Duration of surgery (min) 40 (38-45.2) 41 (36.7-48.2) 0.870

Values are means + SD or medians (25"-75" percentile). Boldface values represent
statistically significant differences (p<0.05).

BMI= body mass index; ASA= American Society of Anesthesiologists.

*= Student’s t-test, *= chi-square test, ¥= Mann-Whitney U test.



Betul B,, et al.

The changes in IOP in both groups are shown in
figure 1. The induction of anesthesia reduced 10P signi-
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T1= Before the induction of anesthesia (with the patient awake and resting in the
supine position). T2= After the induction of anesthesia with the patient in the
supine position. T3= 5 min after the initiation of mechanical ventilation with the
patient in the supine position. T4= 5 min after insufflation of the abdomen with CO,
with the patient in the supine position. T5= 5 min after the head and upper body
were elevated at 15 degrees with the abdomen still insufflated with CO,. T6= 5
min after desufflation of the abdomen with the patient in the supine position. T7=
5 min after extubation with the head and upper body elevated by 30 degrees.

Figure 1. Perioperative intraocular pressure (IOP) levels. Data are pre-
sentedas means, and error bars denote the standard deviation. *p<0.001
vs. T1, 1 p<0.01 vs. T1, ¥ p<0.001 vs. T2 for within-group comparisons.
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T1= Before the induction of anesthesia (with the patient awake and resting in
the supine position). T2: After the induction of anesthesia with the patient in
the supine position. T3= 5 min after initiation of mechanical ventilation with the
patient in the supine position. T4= 5 min after insufflation of the abdomen with
CO, with the patient in the supine position. T5= 5 min after the head and upper
body were elevated at 15 degrees with the abdomen still insufflated with CO,,. T6=
5 min after desufflation of the abdomen with the patient in the supine position.
T7=5min after extubation with the head and upper body elevated by 30 degrees.
Figure 2. Perioperative ocular perfusion pressure levels. Data are
presented as means, and error bars denote the standard deviation.
*p<0.05 versus T1,  p<0.05 versus T5, ¥ p<0.05 versus T7, € p<0.05
versus T3 for intragroup comparisons. @ p<0.05 versus nonobese
at each time point.

ficantly in both groups (p<0.001). In both groups, 1OP
increased significantly after the initiation of mechanical
ventilation (T3 vs. T2, p<0.001). In both groups, 10P 5
min after extubation with the patient in the 30 degrees
upright position was significantly higher than at baseline
(T7 vs. T1, p<0.001 in the obese group and p<0.01 in
the non-obese group).

Figure 2 shows the average changes in OPP in obese
and non-obese patients. OPP significantly differed be-
tween the two groups at the head-up and deflation time
points.

MAP was maintained within 20% of the baseline
value during surgery in both groups. MAP was higher
in obese than in non-obese patients at the head-up and
deflation time points (Table 2).

In both groups, P peak and P mean levels were higher
at 5 min after pneumoperitoneum insufflation and at the
head-up position than at 5 min after initiation of mecha-
nical ventilation (T3 vs. T2 and T4 vs. T2, p<0.001 and
p<0.001, respectively). P peak and P mean levels were
higher in the obese group than in the non-obese group
at all time points (Table 3).

Table 2. Changesin mean arterial pressure (MAP) and end-tidal CO,(ETCO,)

Time Non-obese
Variable point (n=30) Obese (n=30) *p-value
MAP (mmHg)
T1 98.03 + 8.05 101.83 £12.60 0.170
T2 83.17 £ 13.72  85.13 £ 16.14  0.613
T3 94.80 + 14.07 93.83 + 16.09 0.805
T4 90.30 + 16.43 92,97 £ 16.66  0.535
T5 90.33 £ 15.70  99.87 £ 12.26  0.011
T6 81.23 £ 13.26  88.03 + 8.32  0.021
T7 106.40 + 13.71 108.43 £ 9.21 0.503
ETCO, (mmHg)
T1* 3590+ 0.76 3587+ 0.86 0.874
T2 3547 + 097 3593+ 1.17  0.099
T3 35.80 =+ 1.58 35.70 = 1.24 0.786
T4 35.77 + 1.43 35.13 + 0.35 0.025
T5 36.20+ 1.73 3557+ 1.04 0.092
T6 3750+ 194 3697+ 1.75 0.269
T7 37.17 =+ 1.58 36.80 = 1.10 0.301

Values are means * SD or medians (25"-75" percentile). Boldface values represent
statistically significant differences (p<0.05).

T1= Before induction of anesthesia (with the patient awake and resting in the supine
position). T2= After induction of anesthesia with the patient in the supine position.
T3= 5 min after initiation of mechanical ventilation with the patient in the supine
position. T4= 5 min after insufflation of the abdomen with CO, with the patient in
the supine position. T5= 5 min after the head and upper body were elevated at 15
degrees with the abdomen still insufflated with CO,. T6= 5 min after desufflation of
the abdomen with the patient in the supine position. T7= 5 min after extubation with
the head and upper body elevated by 30 degrees.

*= student’s t-test; #= T, ETCO, values were measured with nasal cannula.
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DISCUSSION

In the present study, we investigated whether 10P
continued to be normal irrespective of the effect of
obesity during laparoscopic cholecystectomy while the
patient was in the head-up position. Although P peak
and P mean values were higher in obese patients than in
non-obese patients, there were no significant differen-
ces in IOP measurements between obese and non-obese
patients. In both obese and non-obese patients, IOP was
increased after extubation compared with basal levels.

Previous studies reported a positive correlation be-
tween BMI and 1OP. In contrast, there was no difference
between baseline 10P levels in the obese and nonobese
groups in our study. The discrepancy between previous
studies and the present study seems to be due to diffe-
rences in the characteristics of the study populations.
Whereas Lam et al." and Dogan et al."" conducted their
studies in obese patients with BMI >40 kg/m?, the mean
BMI of the obese group in the present study was 35.0 +
3.5 kg/m2. In addition, the mean age of our patients (41.6
and 45.8 years in the non-obese and obese groups, res-
pectively) was less than those reported in the Gutenberg
Health Study"® (mean age, 54.7 years) and the Beaver
Dam Eye Study"” (age range, 40-86 years).

Table 3. Airway pressure measurements according to patient group and
follow-up time

e Non-obese
Variable point (n=30) Obese (n=30) ¥p-value
P peak
T3 20 (19-21)*b 23 (21-25)*0 <0.001
T4 22 (21-24.2) 26.5 (23.7-28.2)* <0.001
T5 22 (20.7-25)>4 26 (24-29)° <0.001
T6 21 (19.7-21.2)d 23 (20-25)4 0.008
p-value <0.001 <0.001
P mean
T3 12.5 (12-13)*b 14 (12-14)° 0.039
T4 13 (13-14)¢ 14 (13-15) 0.004
T5 13 (12.7-14)>4 14 (14-15)>4 <0.001
T6 13 (12-13)ed 14 (13-14.2)¢ 0.013
p-value <0.001 <0.001

Values are means + SD or medians (25"-75" percentile). Boldface values represent
statistically significant differences (p<0.05).

T3= 5 min after initiation of mechanical ventilation with the patient in the supine
position. T4= 5 min after insufflation of the abdomen with CO, with the patient in
the supine position. T5= 5 min after the head and upper body were elevated at 15
degrees with the abdomen still insufflated with CO,. T6= 5 min after desufflation of
the abdomen with the patient in the supine position. T7= 5 min after extubation with
the head and upper body elevated by 30 degrees.

T3 vs. T4 (p<0.05), *T3 vs. T5 (p<0.05), T4 vs. T6 (p<0.05), ¢T5 vs. T6 (p<0.05).
P peak= peak airway pressure; P mean= mean airway pressure.

*Mann-Whitney U test.
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The existing literature indicates that laparoscopic
surgery performed with the patient in the reverse Tren-
delenburg position does not cause a rise in IOP. Hwang
et al."® reported a decrease in IOP among patients
undergoing laparoscopic cholecystectomy in head-up
position compared with patients undergoing laparosco-
pic surgeries other than cholecystectomy in the Trende-
lenburg position.. Moreover, Karabayirli et al."” found
that the IOP remained within the normal range during
laparoscopic cholecystectomy with or without the ad-
ministration of 10 cm H,0 PEEP. However, in all these
studies, the study subjects had normal BMI. Obesity is
accepted as one of the major risk factors for postopera-
tive visual loss®. Obese patients frequently present with
several medical comor-bidities. Evidence suggests that
vascular diseases, such as atherosclerosis, vasospastic
disease, and diabetes, are related to the dysfunctional
autoregulation of ocular blood flow, likely contributing
to glaucomatous optic neuropathy®”. Even transient
increases in [OP may lead to worsening of ocular perfu-
sion pressure and progression of glaucoma. On the other
hand, based on the results of the present study, we can
only assume that laparoscopy performed with the pa-
tient in the head-up position in obese patients without
glaucoma or other ocular diseases may be accepted as
a safe procedure.

In a review by Pinkney et al.®, the authors compared
IOP changes with patient positioning in laparoscopic
surgery and reported that the surgical position plays a
role in the increase of IOP in a time dependent manner
Similarly, the results of Awad and Yoo et al."%?" de-
monstrated that 10P increased in patients undergoing
robot-assisted laparoscopic radical prostatectomy.
Hwang et al."® also found that the 1OP of patients un-
dergoing laparoscopic gynecologic surgery significantly
increased when desflurane was used. Changes in the
vascular flow in patients in dependent body positions,
such as increased episcleral venous pressure, which
increases resistance to conventional outflow, or cho-
roidal vascular congestion, which increases resistance to
uveoscleral outflow, could be the most convenient ex-
planation for this rise in 10P. In our study, the mean
10P in both the obese and non-obese groups was under
the reference point of the normal eye (20 mmHg) during
pneumoperitoneum with the patient in the reverse
Trendelenburg position®?. Use of the reverse Trende-
lenburg position probably prevents the deceleration of
venous blood flow and the resulting high IOP. After the
induction of anesthesia, the IOP decreased abruptly and
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continued to be in the normal range in both the obese
and the non-obese group.

Inhalational anesthetic gases and induction agents
(except for ketamine) reduce IOP during nonophthal-
mic surgery. The fall in IOP is unrelated to the effect of
the gases and induction agents on blood pressure and
central venous pressure and is more likely to result from
a direct action on central control mechanisms®?. The
establishment of anesthesia before pneumoperitoneum
resulted in a significant decrease in IOP from preopera-
tive values, regardless of patient group.

The duration of pneumoperitoneum, MAP, ETCO,,
PEEP, and peak airway pressure are other proven causes
that contribute to increased 10P®242%. The administra-
tion of pneumoperitoneum and PEEP leads to a rise in
intrathoracic pressure and an associated increase in cen-
tral venous pressure®”. Since episcleral venous pressure
is correlated with central venous pressure, drainage of
the aqueous humor via the episcleral veins decreases as
central venous pressure increases during the creation of
pneumoperitoneum and administration of PEEP. We hy-
pothesized that the increased amount of intraorbital fat
in obese patients may play a role in the compression of
the episcleral veins and augment the effects of pneumo-
peritoneum and PEEP?”. Our results, however, showed
that obesity was not correlated with IOP during laparos-
copic cholecystectomy with the patient in the head-up
position. Intravenous hypnotic agents and inhalational
anesthetics would mask the stimulatory effects of pneu-
moperitoneum and PEEP on 10P. Additionally, a short
operation time and the use of the head-up position may
hinder any increases in IOP and its deleterious effects.

MAP was maintained within 20% of the preoperative
value in the current study. Changes in blood pressure
within this range are poorly transmitted to the eye®?.
Although blood pressure significantly increased in obese
patients with the establishment of the head-up position
and deflation, IOP was similar in obese and nonobese
patients. Overall, our study results show that blood
pressure changes within the aforementioned limits do
not result in changes in IOP and thus changes in ocular
hypoperfusion.

Another proven correlation is that between ETCO,
and IOP®?. In our study, ETCO, was maintained relative-
ly constant by adjusting minute ventilation. We found no
significant relationship between ETCO, and 10P. Mecha-
nical ventilation at high P peak is also known to result
in high 1OP via increasing intrapulmonary pressure®.
Although the P mean and P peak of obese patients were

high, IOP values were not affected by these high airway
pressures, because of the head-up position and short
operation time that prevent the effects of pneumoperi-
toneum and PEEP on IOP.

This study has several limitations. First, the dura-
tion of surgery was relatively short. Studies on patients
undergoing spine surgery in the prone position have
found a relationship between longer operation times
and high IOP. The longer period of insufflation may have
resulted in a significant increase in IOP in obese patients.
Second, this study was carried out with the patients in
the head-up position. Studies on patients in other surgi-
cal positions, especially the Trendelenburg position, are
needed to explore the effects of surgical position in obese
patients. Third, the results of the current study are only
valid for relatively healthy patients. Hence, the findings
of this study cannot be directly extrapolated to patients
with ocular hypertension. Finally, mean BMI was 35.0 +
3.5 kg/m? in the obese group. Studies including morbidly
obes e and super-obese patients with BMIl 240 kg/m?
may yield different results for IOP changes during lapa-
roscopic surgery.

In conclusion, laparoscopic surgery on obese pa-
tients in the head-up position did not cause an increase
in 10P. The increase in IOP after extubation was within
the normal diurnal range in both nonobese and obese
patients. Further studies are required to prove the sa-
fety of laparoscopy with the patient in the head-down
position, longer durations of surgery, and laparoscopy in
patients with preexisting eye disease.
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