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Elevated intraocular pressure (IOP) and venous con-
gestion may produce a low ocular perfusion state 
that can lead to postoperative visual loss (POVL). The 
literature cites the importance of early IOP reduction 
to prevent optic nerve damage and visual loss. This 
study examined dorzolamide hydrochloride and timo-
lol maleate (Cosopt) eyedrops on reducing elevated 
IOP during laparoscopic surgery with the patient in 
steep Trendelenburg position. A quasi-experimental 
study design was used. Subjects involving robotic uro-
logic and gynecologic procedures at 3 separate medi-
cal centers were included. The medication was admin-
istered topically to both eyes at time points when IOP 
approached 40 mm Hg. The IOP was measured at 
30-minute intervals compared with a supine, anesthe-
tized baseline and final postprocedure supine mea-

surements. A total of 194 patients were recruited, and 
63 patients received dorzolamide-timolol treatment 
when IOP levels reached 38 to 40 mm Hg. Repeated-
measures analysis of variance showed that IOP values 
dropped significantly after drug intervention at 60, 90, 
and 120 minutes (P < .001). Effect sizes of pharmaco-
logic intervention on IOP reduction were strong (par-
tial η2 of 0.60 to 0.66). Treatment with dorzolamide-
timolol eyedrops significantly reduces elevated IOP of 
patients who undergo lengthy laparoscopic surgery in 
the steep Trendelenburg position.
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T
his study was undertaken following an adverse 
event at a regional medical center in New 
England. The anesthesia team became con-
cerned about changes in ocular perfusion and 
periophthalmic and intraocular pressure (IOP) 

during laparoscopic abdominal surgery performed with 
the patient in the steep Trendelenburg (ST) position. 
The complication identified—postoperative visual loss 
(POVL) due to posterior ischemic optic neuropathy—is 
a rare but life-changing event. The case prompting this 
study was a laparoscopic lower abdominal procedure in 
the supine position, defined by a greater than 30° tilt 
below horizontal with the head in lowest position. In 
today’s surgical environment, the ST position assists the 
surgeon’s visualization by displacing the bowel cephalad 
and away from the surgical field. However, in this posi-
tion, facial engorgement and edema can be substantial. 
Progressive facial and periorbital edema, together with 
elevated IOP during these procedures, led to a hypothesis 
that, under anesthesia in the ST position, cerebrovascular 
and ophthalmic circulatory autoregulation do not pre-
vent increases in IOP. Increased periorbital swelling and 
venous congestion could contribute to possible perioph-
thalmic hypoperfusion. Perfusion of the eye, retina, and 
anterior and posterior aspects of the optic nerves could 
be compromised.

Literature Review
Lee and colleagues1 hypothesized that hypotensive isch-
emic optic neuropathy may be caused by a “compart-
ment syndrome of the optic nerve,” suggesting that 
“high venous pressure and interstitial tissue edema may 
compromise blood flow.” A compartment syndrome 
is a condition in which increased pressure in a closed 
tissue compartment crosses a critical perfusion threshold 
beyond which blood flow to tissues in the compartment 
is compromised. By analogy, the orbit is a confined, 
relatively enclosed space, as is described by Dunker and 
colleagues.2 The posterior optic nerve passes through 
the optic canal, a bony tunnel leading to the brain, and 
they suggest that swelling in this inelastic space causes 
compression and can exacerbate ischemia, which can 
perpetuate a cycle of injury. In the potentially confined 
space of the orbit, ocular perfusion pressure (OPP) is 
defined as the mean arterial pressure (MAP) minus the 
IOP when IOP exceeds jugular venous pressure.3

The importance in decreasing the IOP itself should be 
noted. Current research in rodent models of intraocular 
hypertension cites alterations in ganglion cell–related 
electroretinogram (ERG) potentials as a result of even 
brief acute increases in IOP (30 to 40 minutes at > 50 
mm Hg). Peak IOP was seen to be the principle deter-
minant of functional loss in these studies.3 Additionally, 
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increased periorbital swelling and venous congestion 
secondary to trabecular meshwork dysregulated pres-
sure-dependent outflow may produce a low flow state 
in the eye, via this compartment syndrome mechanism.4 
Langham5 describes the negative feedback mechanism 
initiated by the autoregulatory effector arm of homeo-
stasis in the systemic vascular system. Instability of this 
response mechanism is exemplified in the eye with in-
creased and abnormal IOP values, illustrated in patients 
with open-angle glaucoma and ST positioning. In the 
general circulation, the central blood pressure sensor arm 
includes the baroreceptors and chemoreceptors in the 
walls of certain arteries. One theory is that a deregula-
tion resulting in a decrease in ocular perfusion allows for 
a low-flow, hypoxic state that may in fact lead to POVL. 

Gilbert6 reviewed the literature in 2008 and concluded 
that any interruption to blood flow autoregulation can 
lead to POVL. Murgatroyd and Bembridge7 reported that 
IOP must remain in normal ranges to maintain optimum 
anatomical conditions for refraction and, thus, vision. 
When IOP is significantly elevated by conditions such 
as glaucoma or sustained ST, it may be important to 
maintain stable ocular perfusion by elevating MAP or 
decreasing IOP. Harris et al8 studied human autoregula-
tion in 10 healthy subjects. Retinal flow was measured by 
Doppler velocimetry. Individual retinal flow in response 
to increased IOP markedly varied. An IOP of 47 mm Hg 
in 1 subject reduced flow to one-third of normal, sug-
gesting that human autoregulation may fail if IOP ap-
proaches within 40 to 45 mm Hg (critical threshold) of 
the MAP. It was suggested that individual response to an 
autoregulatory plateau varied4 according to age, history 
of atherosclerosis, arterial hypotension, and individual 
anatomical variation. These variations may explain why 
ophthalmic compartment syndrome, unlike intracranial 
or tissue compartment syndrome is not uniformly ob-
served below specific OPPs.

The intent of this study was to develop an intervention 
plan. For these reasons, intraoperative interventions that 
might lower IOP were investigated. The purpose was to 
test the hypothesis and to illustrate the impact of dorzol-
amide hydrochloride-timolol maleate (Cosopt) interven-
tion on IOP during lower abdominal laparoscopic pro-
cedures. This brand is a combination topical medication 
used to reduce elevated IOP. Dorzolamide hydrochloride 
is a carbonic anhydrase II inhibitor, and timolol maleate 
is a topical β-adrenergic receptor blocking agent. The 
medication reduces IOP by decreasing the production of 
aqueous humor by inhibition of carbonic anhydrase II in 
the ciliary processes and by direct action on β2 adrener-
gic receptors in the ciliary processes.9 

For these reasons, perioperative interventions that 
might lower IOP intraoperatively were investigated. A 
study by Grover and colleagues10 reviewed the use of 
β-adrenergic blocker eyedrops in patients under general 

anesthesia. This study demonstrated that timolol pro-
tected against increased IOP in patients following tracheal 
intubation. The recommendation was that topical 0.5% 
timolol (1 drop in each eye) be administered prophylacti-
cally 30 minutes before intubation. According to Shemesh 
et al,11 large-scale clinical studies have demonstrated the 
importance of early IOP reduction to prevent optic nerve 
damage and visual loss. They evaluated the efficacy in 
IOP reduction when increasing Cosopt dosage from 2 to 
3 times a day, showing a statistically significant decrease 
in IOP of 25.9% over a 4-week period. Sappington et al12 
cite that the autoregulatory process does not respond to 
increases in IOP by decreasing production of aqueous 
humor. They studied IOP-induced mechanical strain on 
retinal ganglion cells. In retinal ganglion cell cultures, 
exposure to hydrostatic pressure activates mechanosensi-
tive transient receptor potential vanilloid type 1 (TRPV1) 
resulting in a calcium influx, membrane depolarization, 
and eventual cell death.12 This local occurrence involving 
the impairment of the autoregulatory process has been 
studied by Kaiser and associates.13 Factors affecting this 
process may be endogenous such as hyperlipidemia or 
exogenous such as drugs. Vasospasm is most noted in the 
ciliary or choroidal vessels or directly in the ONH. A drop 
in blood pressure or an increase in IOP can challenge the 
autoregulatory process, and the system may decompen-
sate, compromising the blood supply for a limited time. 
The need to block the production of aqueous humor so as 
to decrease fluid in and behind the orbit and potentially 
decrease the IOP is evident in the literature.9-11

Weber and colleagues14 cite 2 incidents of POVL involv-
ing the ST position during laparoscopic and robotic lapa-
roscopic procedures. The need for ST positioning during 
lower abdominal robotic and laparoscopic procedures has 
dramatically increased over the past decade; more than 
853 US hospitals were using the da Vinci systems as of 
2010, and internationally the numbers doubled from 200 
to 400.15 It should be noted, there is a lack of reporting 
until closure of the court case in POVL claims. Thus, the 
true incidence of POVL involving robotic procedures may 
not be known since this is a fairly new technology. The 
learning curves of surgical caregivers extend duration of 
ST positioning and thus may increase the incidence of 
POVL, because duration of time is a factor.14,16,17 Pinkney 
and colleagues18 reviewed the relationship of patient 
positioning and IOP across all surgical specialties and 
concluded that the rise in IOP was time dependent and 
patients were very likely to be at risk of POVL events. Both 
prone and ST position cases were included. The intent of 
this study was to develop an intervention plan that would 
normalize the IOP during surgical procedures. 

Materials and Methods
• Study Design and Setting. A quasi-experimental study 
design was used. The fixed-drug Cosopt was admin-
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istered topically to both eyes at any time point when 
patients’ IOP reached or exceeded 40 mm Hg; otherwise, 
the patients received standard anesthesia care if their IOP 
remained under 40 mm Hg.

All patients involved in prolonged ST cases at 3 metro-
politan hospitals in the northeastern United States were 
eligible for the study. Procedures included were robotic 
laparoscopic prostatectomy and pelvic gynecologic pro-
cedures performed with the patient in ST position for 
a minimum of 120 minutes of surgical time. Full insti-
tutional review board approvals were obtained from the 
3 participating medical centers. Informed consent was 
obtained from each participant in the holding area before 
surgery, for measuring IOP with interventions of Cosopt 
when IOP reached 40 mm Hg. We measured each sub-
ject’s IOP at 30-minute intervals throughout the surgery 
in comparison with a supine, anesthetized baseline and 
final postprocedure supine measurements.

• Instruments and Measures. Data were collected for 
demographics, MAP, and tonometry.

• Demographics. Data collection was initiated and 
documented on a data collection sheet in the holding 
area before surgery. Age, sex, height, weight, body mass 
index (BMI), ASA physical status (classes 1-5), surgical 
procedure, medically indicated tests, fluid maintenance, 
and vital signs were documented.

• Mean Arterial Pressure. The MAP was measured via 
an arterial catheter or noninvasive blood pressure cuff 
dependent on ASA status and the expected duration and 
type of case. Arterial line placement, when used, usually 
occurred in the operating room during induction. The 
MAP was measured after calibrating the transducer at 
heart level (midaxillary line) when the patients were 
supine. For measurements in the ST position, pressures 
were measured with the transducer zeroed to the level 
of the carotid artery to reflect cerebral arterial pressure. 
The OPP equaled carotid arterial pressure or mean blood 
pressure minus IOP in all positions.19 Calculation of the 
OPP was MAP minus IOP; however, OPP was not con-
sidered as a dependent variable because carotid arterial 
pressure was elevated to maintain a target level of 80 mm 
Hg. Thus, the only dependent variable was IOP.

• Tonometer. An applanation tonometer was used for 
IOP monitoring (Reichert Tono-Pen XL). This applana-
tion tonometer is validated and accepted as a reliable IOP 
monitor in both awake and anesthetized patients, as cited 
in the ophthalmic literature.20,21 One study compared the 
Tono-Pen XL with 2 other applanation devices. This IOP 
measurement technique was found to effectively track 
IOP, and this device was determined to be the most accu-
rate instrument for IOP measurement.22 Measurements 
were obtained after lubrication with sterile balanced salt 
solution (BSS) eyedrops.

• Procedures. Training in IOP monitoring was pro-
vided before the surgical procedures.

• Training. A limited pool of 5 anesthesia caregivers 
were credentialed to monitor IOP under anesthesia in 
laparoscopic urologic and gynecologic procedures in ST 
positioning at each medical center. Credentialed indi-
viduals took a video course, and technique was observed 
in volunteers. Calibration was performed according to 
the manufacturer’s instructions (Reichert Tono-Pen XL 
manual) and took place before each patient’s data collec-
tion. The principal investigator (PI) then observed each 
of the 5 research assistants in their observations of 10 
subjects to determine interrater reliability individually 
and an additional 10 subjects collectively as a group. 
The PI rating and the calibrated reading displayed in the 
tonometer window were the determinants of the correct 
measure. The Trochim23 interrater reliability correlation 
method was used for 60 observations.

• Perioperative Procedures. A sterile cover was used on 
the head of the tonometer for each patient in preparation 
for monitoring. Physiologic operating room monitors 
included a 5-lead electrocardiogram, a noninvasive blood 
pressure cuff, and a pulse oximeter. Inspired and exhaled 
gases were monitored by side-stream infrared gas analysis 
(Dräger/Fabius GS).

The anesthesia protocol was standardized for all 
patients. Midazolam, 1 to 2 mg, was given in the pre-
operative holding room. Anesthesia induction consisted 
of administration of fentanyl (1-2 μg/kg), propofol (2-3 
mg/kg), and rocuronium (0.07 mg/kg) or vecuronium 
(0.01-0.015 mg/kg) to facilitate endotracheal intubation. 
Muscle relaxant was used as needed throughout the case. 
Insufflation pressure was maintained at 14  to 15 mm Hg 
throughout the procedure for all cases. General anesthe-
sia was used in all patients with a combination of volatile 
agent and narcotic. Inhalation anesthetics used were 
sevoflurane or desflurane with 100% oxygen. Bispectral 
index monitoring was used to assess the depth of analge-
sia to balance the level of inhalational and narcotic agents 
according to need. Volume ventilation was adjusted to 
keep end-tidal carbon dioxide in the range of 30 to 39 
mm Hg throughout the intraoperative period.

Baseline IOP was determined by applanation tonom-
etry after induction of anesthesia with the patient in the 
supine position. Balanced salt solution eyedrops were 
applied before each reading, and ocular tonometry was 
repeated every 30 minutes for the length of the surgery 
while the patient was in the ST position. At any time 
point when the IOP measurement approached 40 mm Hg, 
1 drop of Cosopt was administered to each eye. Between 
measurements, the eyes were taped to prevent drying. 
Protective foam was placed over the face to prevent 
injury by items used in the surgical field. A protractor 
at the bedside determined the degree of ST positioning, 
which ranged from 32° to 40°. Fluid administration was 
adjusted by need. In general, fluid administration was 
limited to 200 mL/h unless blood loss, hemoconcentra-
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tion, metabolic acidemia, or hypotension was noted.16 
Arterial or venous blood was drawn to assess acid-base 
status at periodic intervals during the procedures if care-
givers questioned blood loss or respiratory status. When 
the patient was returned to the supine position, a final 
IOP measurement was obtained before emergence from 
anesthesia. The MAP was obtained for determination of 
the OPP at the time of the IOP reading. The Cosopt group 
was continually monitored in the same manner following 
administration. There was no variation in the anesthetic 
treatment, although we notified the surgeon about the 
need for intervention based on the elevated IOP.

• Statistical Analysis. The data were analyzed using 
SPSS software version 20 (IBM SPSS). Descriptive statis-
tics, including means, standard deviations (SDs), and fre-
quencies were used to describe the demographic data and 
IOP patterns over time. Primary research questions were 
addressed with a repeated-measures analysis of variance 
(RM-ANOVA) preceded by testing for sphericity. When 
evidence of nonsphericity was found, the Greenhouse-
Geisser method was used for correction. Following 
RM-ANOVA, a between-group contrast was conducted 
at each study time point to determine when group differ-
ences were significant. The Bonferroni method was used 
to adjust for multiple comparisons across these post hoc 
tests. On checking for homogeneity, a logarithmic cor-
rection was used to correct for evidence of heterogeneity.

Results
A total of 194 patients—84 (43%) males and 110 females 

(57%)—were recruited in the study, with mean age of 
55 ± 12 years old and a mean BMI of 30.70 ± 7.48 kg/m2 
(Table 1). The average time spent in the ST position was 
2.20 ± 0.56 hours. Sixty-three patients received Cosopt 
treatment during the surgery when their IOP levels 
reached 35 to 40 mm Hg: at 30 minutes (n = 1), at 60 
minutes (n = 20), at 90 minutes (n = 21), at 120 minutes 
(n = 13), at 150 minutes (n = 7), and at 180 minutes (n = 
1). More male patients (54%) received Cosopt treatment 
than in the standard treatment group (38%), a significant 
different (P < .05). 

Blood loss averaged 160 ± 146 mL (range, 50-850 
mL) in the total sample. The mean crystalloid infusion 
was 2,059 ± 621 mL (lactated Ringer’s solution), with 
an initial fluid load of approximately 10 mL/kg and 300 
mL/h on average thereafter. The patients in the Cosopt 
group had more blood loss (228 ± 184 mL vs 129 ± 113 
mL, P < .01) and received more fluid (2,249 ± 602 mL 
vs 1,979 ± 615 mL, P < .05) than did the patients in the 
standard care group. The mean intraoperative hematocrit 
values were the same in both groups (39.83% ± 4.49%). 
Sevoflurane was used in 61%, and desflurane in 39% of 
subjects; 100% oxygen delivery was used in all subjects. 
Use of narcotics, muscle relaxants, and propofol were 
all within milligram per kilogram dose anesthesia guide-
lines, as discussed in the Procedures section. End-tidal 
sevoflurane and desflurane, end-tidal carbon dioxide, 
and peak inspiratory pressure values were not signifi-
cantly different between the 2 groups (see Table 1).

• Mean Arterial Pressure and Ocular Perfusion 

Table 1.  Demographic Characteristics, Health, and Anesthesia Procedure Status
Abbreviations: CO2, carbon dioxide; EBL, estimated blood loss; PIP, peak inspiratory pressure. 
a Cosopt: dorzolamide and timolol.
b There were significant differences between the 2 groups in gender (χ2 = 4.33, P < .05), EBL (t = 3.22, P < .01), and fluids (t = 2.31, P < .05).

 Standard group Cosopta group  Total sample 
Characteristic (n = 131) (n = 63) (N = 194)

 No. (%) No. (%) No. (%)
Genderb

M 50 (38.17) 34 (53.97) 84 (43.30)

F 81 (61.83) 29 (46.03) 110 (56.70)

Use sevoflurane 85 (64.89) 34 (53.97) 119 (61.34)

Use desflurane 46 (35.11) 29 (46.03) 75 (38.66)

 Mean ± SD Mean ± SD Mean ± SD

Age (y) 54.87 ± 11.50 56.44 ± 11.68 55.37 ± 11.55

BMI (kg/m2) 30.73 ± 7.82 30.63 ± 6.78 30.70 ± 7.48

CO2  35.29 ± 5.27 35.57 ± 4.81 35.38 ± 5.12

PIP (mm Hg) 31.92 ± 6.02 33.07 ± 5.39 32.27 ± 5.84

EBL (cc)b 128.52 ± 112.96 227.57 ± 184.33 159.80 ± 146.25

Fluids (cc)b 1,979.03 ± 614.51 2,248.72 ± 601.70 2,058.71 ± 620.87

ASA (classes 1-5) 2.40 ± 0.55 2.40 ± 0.53 2.40 ± 0.54

Hematocrit (%) 39.73 ± 4.28 40.06 ± 4.94 39.83 ± 4.49
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Pressure. The MAP pressure was maintained at an 
optimal 80 mm Hg during the surgery, and there were 
no significant differences between 2 groups, as seen in 
Table 2. Patients’ OPP levels were significantly lower in 
the Cosopt group than in the standard care group at 60 
minutes (55.87 ± 15.39 vs 64.03 ± 13.17 mm Hg, P < 
.001) and 90 minutes of surgery (54.65 ± 13.26 vs 59.42 
± 14.75 mm Hg, P < .05).11

• Intraocular Pressure. There was no significant 
difference in mean baseline IOP between the Cosopt 
group (13.05 ± 4.20 mm Hg) and non-Cosopt group 
(12.27 ± 4.85 mm Hg) before the surgery. Descriptive 
analyses showed the pattern that IOP values decreased 
after treatment in patients who received Cosopt at 60, 
90, 120, and 150 minutes of the surgery, and the IOP 
levels were within the safe threshold during the rest of 
the surgery (Tables 2 and 3; Figure). The RM-ANOVA 
was conducted to compare the IOP levels before, during, 
and after Cosopt administration in each of the Cosopt 
subgroups. A comparison was made of IOP levels at 30, 
60, and 90 minutes in the subgroup given Cosopt at 60 
minutes (n = 20); IOP at 60, 90, and 120 minutes in the 
subgroup given Cosopt at 90 minutes (n = 21); IOP at 
90, 120, and 150 minutes in the subgroup given Cosopt 
at 120 minutes (n = 13); and IOP at 120, 150, and 180 
minutes in the subgroup given Cosopt at 150 minutes (n 
= 7). The RM-ANOVA showed that IOP levels dropped 
significantly after Cosopt was given at 60 minutes (F(2, 

38) = 19.03, P < .001, partial η2 = 0.60), 90 minutes (F(2, 
40) = 18.01, P < .001, partial η2 = 0.65), and 120 minutes 
(F(2, 24) = 8.92, P < .01, partial η2 = 0.66; see Table 3 
and Figure). Effect sizes of the Cosopt intervention on 
reducing IOP were strong. 

In addition, patients’ BMI was significantly correlated 
with IOP levels at baseline, 30 minutes, 60 minutes, 90 
minutes, and at the final time points when the surgery 
was finished (r = 0.15 to 0.21, P < .01 to P < .05; Table 
4). The IOP levels were further compared between the 
145 patients with BMI of 35 kg/m2 and lower, and the 
33 patients with BMI higher than 35 kg/m2 (16 patients 
missing BMI data). Results showed that patients with 
higher BMI had significantly higher levels of IOP than 
did patients with lower BMI at baseline, 30 minutes, and 
at final time points (P < .05; see Table 4). Patients’ age 
was also positively correlated with IOP levels at 60, 90, 
and 120 minutes of surgery (r = 0.15-0.19, P < .05).12

Discussion
From data analysis of 3 separate medical centers with 
similar patient populations and surgical procedures, 
treatment with Cosopt significantly decreased IOP from 
critical threshold and maintained IOP within safe levels 
throughout the surgical timeframe. In the non-Cosopt 
group, IOP continued to increase. Treatment at any time 
point during the procedure with the patient in the ST 
position arrested the IOP escalating trend. There was a 

Table 2.  Intraocular Pressure and Mean Arterial Pressure During Surgery
Abbreviation: IOP, intraocular pressure; MAP, mean arterial pressure.
a Cosopt: dorzolamide and timolol.

 Standard group Cosopta group  Total sample 
 (n = 131) (n = 63) (N = 194)

Pressure No. Mean ± SD No. Mean ± SD No. Mean ± SD

IOP (mm Hg)

    At flat 131 12.27 ± 4.849 63 13.05 ± 4.198 194 12.53 ± 4.651

    30 min 131 22.06 ± 7.278 63 25.63 ± 7.421 194 23.22 ± 7.496

    60 min 129 25.60 ± 7.240 63 34.95 ± 9.227 192 28.67 ± 9.062

    90 min 119 27.17 ± 7.821 63 35.22 ± 8.063 182 29.96 ± 8.77

    120 min 93 28.16 ± 7.307 60 32.92 ± 8.751 153 30.03 ± 8.214

    150 min 42 27.40 ± 9.173 43 32.09 ± 6.509 85 29.78 ± 8.235

    180 min 15 29.60 ± 9.538 20 30.15 ± 7.336 35 29.91 ± 8.223

    Final 131 19.30 ± 6.762 63 21.25 ± 6.069 194 19.93 ± 6.593

MAP (mm Hg)

    At flat  83.76 ± 15.93  86.76 ± 21.27  84.73 ± 17.84

    30 min  91.57 ± 12.96  94.24 ± 15.70  92.44 ± 13.92

    60 min  89.13 ± 11.96  90.73 ± 12.70  89.66 ± 12.20

    90 min  87.65 ± 12.62  89.49 ± 12.35  88.29 ± 12.52

    120 min  85.55 ± 10.64  89.12 ± 10.95  86.95 ± 10.86

    Final  85.20 ± 13.70  84.73 ± 11.57  85.05 ± 13.02
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strong treatment effect. Both BMI- and age-correlated 
results showed that patients with higher BMI (> 35 kg/
m2) had significantly higher levels of IOP than did pa-
tients with lower BMI at baseline and at final time points. 
Patients’ age (> 62 years) was also positively correlated 
with higher IOP levels at 30-, 60-, and 90-minute time 
points. Thereafter, duration of time and Cosopt interven-
tion affected trends so that statistical significance varied 
with Cosopt and non-Cosopt groups. These same covari-
ates were noted in the previous studies by Molloy.16,24,25 
Additionally, the patients in the Cosopt group had more 
blood loss (228 ± 184 mL vs 129 ± 113 mL, P < .01) and 
received more fluid (2,249 ± 602 mL vs 1,979 ± 615 mL, P 
< .05) than did the patients in the non-Cosopt group. The 
amounts were not excessive, but it should be noted that 
the American Society of Anesthesiologists (ASA) POVL 
Registry review of 94 subjects cited increased blood loss 
and hemodilution to be prominent in their subjects with 
POVL.1 Additionally, It should be noted that by the third 

hour, the IOP trending began to level off and by 180 
minutes a few subjects’ IOP levels began to rise again. 
Because Cosopt can be administered a second time, we 
would suggest that a second dose might be administered 
if IOP approaches 40 mm Hg. We conclude that, when 
IOP increases above 40 mm Hg, this drug combination 
effectively lowers IOP in the operating room. That being 
said, most anesthesia personnel are not measuring IOP 
during laparoscopic surgeries with the patient in the ST 
position, or as a routine standard of care. 

The observation scale that was developed by Molloy/
Bridgeport Anesthesia Associates,13 known as the Molloy/
Bridgeport Observation Scale or MBOS, is a scale of 
measure correlating ocular visual signs to IOP levels.24 
Observation of eyelid edema forewarns the practitioner 
that IOP is rising since there was a mean correlation of 
2.5 times the baseline IOP when noted. Conjunctival 
edema known as chemosis was shown to be a valuable 
predictor of greater than 40 mm Hg IOP (area under the 

Table 3.  Intraocular Pressure (mm Hg) in Each Cosopta Group (mean ± SD)
Abbreviation: IOP, intraocular pressure.
a Cosopt: dorzolamide and timolol.

 Cosopt given Cosopt given Cosopt given Cosopt given 
 at 60 min at 90 min at 120 min at 150 min 
 (n = 20) (n = 21) (n = 13) (n = 7)

Initial 13.55 ± 4.81 13.52 ± 4.06 12.31 ± 3.64 11.71 ± 4.50

30 min 29.45 ± 6.56 25.67 ± 7.75 22.31 ± 6.22 20.14 ± 3.53

60 min 42.60 ± 8.76 34.00 ± 7.34 29.77 ± 5.52 26.29 ± 4.50

90 min 30.75 ± 7.53 41.43 ± 6.31 36.54 ± 5.12 27.71 ± 4.19

120 min 28.59 ± 7.89 31.00 ± 7.65 41.54 ± 7.13 32.43 ± 7.00

150 min 29.70 ± 4.74 30.83 ± 7.08 31.77 ± 6.39 37.71 ± 5.74

180 min 34.00   34.20 ± 6.76 26.86 ± 5.46 27.67 ± 7.34

Final 21.85 ± 5.57 22.05 ± 6.08 21.08 ± 6.60 18.57 ± 7.50

Time of IOP 
measurement
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Figure.  Intraocular Pressure in Standard Group Not Receiving Dorzolamide-Timolol (No Cosopt Given) and 
Groups Given Cosopt at 60, 90, 120, and 150 Minutes 
*P < 0.001 with repeated-measures analysis of covariance using time as repeated factor and body mass index as covariate.
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curve, 0.79 ± SD 0.718), the critical threshold at which 
point an intervention should be trialed. The mean cor-
relation of chemosis to IOP was 3.4 times the baseline 
IOP value. In most cases, this nears 40 mm Hg because 
the normal IOP is 10 to 15 mm Hg. Because chemosis 
has reliably predicted IOP elevation above 35 mm Hg, we 
recommend treatment whenever chemosis is observed.

• Alternative Interventions. Porciatti and Nagaraju26 
cited a benefit in reverse Trendelenburg positioning 
(head-up tilt) and illustrated a decrease in IOP and an 
improvement in retinal ganglion cell function with this 
intervention. Linder et al27 also proposed that this eleva-
tion of the head above the level of the heart might reverse 
the effects of the gravity-induced, orthostatic venous 
pressure gradient resulting in a decreased IOP. A flat 
supine rest stop has been tested in one study by Molloy 
and Watson25 at the 60-minute time point of ST posi-
tioning. This intervention entails undocking the surgical 
robot and redocking 7 to 10 minutes later during robotic 
cases and removing instrumentation during laparoscopic, 
reverse Trendelenburg position of the operating room 
bed and return to the ST position thereafter. The data 
analysis showed a decrease in IOP within 30 minutes 
of the flat supine intervention. By the second hour, the 
mean IOP for the intervention group was 18.4 mm Hg, 
whereas the ST-positioned group was 31.6 mm Hg. The 
findings support that a flat supine intervention mini-
mizes the impact of lengthy ST-positioned procedures 
on IOP and OPP. There was seen a direct correlation 
between time in this position and rising IOP, and the 
supine flat position caused a decrease in IOP, which re-
mained constant for an additional 1 to 2 hours of return 
to the ST position.14 Johnstone and Grant28 studied this 
phenomenon and determined that with increased IOP 
there was a dysregulation of the outflow involving the 
trabecular meshwork drainage system, as Rhee et al4 
had studied, but there was also a collapse and occlusion 

of the lumen of the Schlemm canal. These pressure-
responsive aqueous outflow changes prevented reflux 
of blood into the anterior chamber. Orthostatic changes 
increased these effects. As previously discussed, a com-
partment syndrome mechanism with increased IOP and 
impaired outflow can compress the pial vessels in the 
posterior segment.1,2 Thus, ocular perfusion is impaired 
and ischemia and death of optic nerve cells both in the 
anterior and posterior segments can be explained, poten-
tially resulting in a POVL event. Elevation of the head 
can alter this phenomenon and allow drainage. Surgeons, 
however, might be resistant to modifying the patient’s 
surgical position once he or she is in place, and prolonga-
tion of surgical time is a concern.

• Practice Implications. A recommended protocol 
evolved seeing the benefit of both interventions. Studies 
by Shemesh et al11 cite that a second and even a third 
dose may be administered per day and was shown to 
lower IOP 25.9% with cumulative doses over a dura-
tion of time. Thus, our recommendation is to begin with 
Cosopt intervention at IOP levels nearing 40 mm Hg 
when tonometry measurement is obtained or when che-
mosis is visualized while anesthesia caregivers are using 
the Molloy/Bridgeport Observation Scale as their guide. A 
time-out takes place at the 4-hour timeframe determining 
projected surgical completion. It should be noted that 
the ASA registry provided a mean surgical time of 5.5 
hours in reviewed cases of POVL.1 A flat supine inter-
vention should be introduced at that 4-hour time point 
if the ST or prone position is needed for an additional 
hour or more. The procedure can be completed with 
an added dose of Cosopt when needed based on guide-
lines. Underlying disease factors contributing to POVL 
incidents were diabetes, vascular disease, and glaucoma 
history.1 Thus, study findings support the recommenda-
tions that all patients with an advanced age and increased 
BMI with presence of disease should be monitored using 

Table 4.  Correlations of Intraocular Pressure and Body Mass Index
Abbreviation: IOP, intraocular pressure; BMI, body mass index.
a P < .01. 
b P < .05.

 Correlations of IOP in patients with IOP in patients with 
 IOP and BMI BMI ≤ 35 kg/m2 BMI > 35 kg/m2 Independent 
 (N = 178) (n = 145) (n = 33) t test

 r P Mean SD Mean SD t P
At flat 0.23a < .01 12.19 4.48 14.09 5.07 2.14b < .05

30 min 0.19b < .05 22.68 7.36 25.67 7.38 2.11b < .05

60 min 0.15b < .05 28.10 9.52 31.38 6.48 1.85 .07

90 min 0.21a < .01 29.22 9.06 32.73 7.55 1.98 .05

120 min 0.06 > .05 29.70 8.34 29.43 5.52 0.19 > .05

150 min 0.17 > .05 29.25 8.02 33.27 6.80 1.57 > .05

180 min 0.08 > .05 30.19 7.48 34.67 3.51 1.01 > .05

Final 0.18b < .05 19.46 6.49 22.33 6.53 2.30b < .05

Time  
of IOP  
measurement
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this recommended protocol. When a patient presents 
with a history of glaucoma or high IOP, that patient’s 
standard eyedrop is administered before entering the op-
erating room as a preventive measure.

• Limitations and Strengths. A nonrandomized study 
design may be a limitation, although 3 facilities with sep-
arate surgical, anesthesia, and patient populations were 
trained and recruited in tonometry measurement and 
treatment interventions. Potential bias was accounted 
for by including the 2 additional sites’ data in the final 
analysis and increased the validity of the initial study site 
findings. A review of the literature revealed no study in 
which Cosopt was administered as a means for decreas-
ing IOP in patients with increased IOP while in an ST or 
prone position. As far as we know, this is the first such 
perioperative clinical trial.

• Present and Future Studies. The prevention of rising 
IOP is the focus of our present and ongoing study: a 
preventive double-blind randomized study in which vial 
A or B is administered following the induction of anes-
thesia. One vial contains Cosopt, and the other contains 
BSS. The anesthesia research assistant is blinded to the 
contents, and tonometry is carried out every 30 minutes 
thereafter to determine effects of preventive intervention 
with Cosopt. Preliminary analysis in 62 patients’ results 
show a significant reduction in IOP of patients for a 
2-hour duration compared with the BSS group. At the 
150- and 180-minute time points, statistical significance 
fell off secondary to a low sample size, and recruitment 
and consent for this study continues. A consideration 
is that the outflow dysregulation and collapse of the 
Schlemm canal occurs at or near the 2-hour time point of 
ST position. Data collection on longer procedures and in-
clusion of a 16-patient greater sample size will determine 
the true benefit of preventive Cosopt administration.

Conclusion
Cosopt drops significantly reduce elevated IOP of pa-
tients who undergo lengthy laparoscopic, robotic surgery 
in the ST position. Treatment at any time point during 
the ST-positioned procedure arrested the escalating IOP 
trend. All anesthesia caregivers in support of normalizing 
IOP should address recommended guidelines. Protocols 
should be instituted during procedures for which pro-
longed ST or prone positions are indicated in pursuit of 
providing an optimum level of ophthalmic safety for this 
patient population.17
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