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Changes in intraocular pressures associated with inhalational and mixed
anesthetic agents currently used in ophthalmic surgery

Sirisha Senthil, Mamata Nakka, Umashankar Rout', Hasnat Ali?>, Nikhil Choudhari, Swathi Badakere,

Chandrasekhar Garudadri

Purpose: The aim of this study was to measure changes in intraocular pressures (IOPs) associated with
inhalational and mixed anesthetic agents currently used for general anesthesia (GA) in ophthalmic surgery.
Methods: In a cross-sectional study, 48 eyes from 48 consecutive subjects that underwent ophthalmic
surgery under GA were included. Mixed anesthetics were used in 26 eyes and sevoflurane in 22 eyes.
IOPs of the nonsurgery eyes were recorded at T1 (5 min before induction of anesthesia), T2 (5 min
after intubation), and T3 (at the conclusion of surgery before extudation) using ICare PRO and Perkins
tonometers. Linear mixed-effects models were used to compare differences in IOPs at various time points.
Outcome measures were changes in IOP after induction of GA, intubation, and just before extubation
and comparisons of decreases in IOPs induced by sevoflurane and mixed anesthetics. Results: Mean
preanesthesia IOP for patients in this study (mean age + standard deviation = 26.9 + 18.3 years; range:
5-70 years) was 17.9 + 4.9 (range: 10-30) mm Hg. There was a significant decrease in the mean IOP (standard
error (SE) (in mm Hg) at T2 (Perkins: —4.65 (0.57); ICare PRO: -5.16 (0.56) and T3 (Perkins: -5.63; ICare
PRO: -5.36) as compared to the IOP at T1 (P < 0.001). The decreases in IOPs at T2 and T3 were similar in
both anesthetic groups (T2:P = 0.60; T3: P = 0.33). Conclusion: Significant decreases in IOPs after GA were
observed and the differences were not significantly different between sevoflurane and mixed anesthetic
agents. For management decisions in pediatric glaucoma, the IOP measurements under GA are crucial, the
underestimation of IOP as noted with currently used anesthetic agents has to be accounted for and decisions
are taken appropriately.
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Intraocular pressure (IOP) is the most important parameter
that is evaluated and treated in glaucoma.™ Accurate IOP
measurement is essential for the appropriate management of
glaucoma in both adults and children. IOP measurements may
be affected by several ocular and nonocular factors,>*! which
need to be considered before management decisions concerning
abnormal IOPs are taken. Obtaining reliable IOP measurements
in young and uncooperative children is challenging and often
requires sedation or anesthesia. Several agents used during the
various stages of general anesthesia (GA) such as pre-anesthetic
medications, inducing agents, and drugs used for maintenance
and reversal have been shown to affect IOP measurements.*?]
Apart from the anesthetic agents themselves, other factors
like the type of airway,*'? tonometer, and method of IOP
assessment,!'>1°! can also influence IOP measurements.

Sevoflurane (sevoflurane, USP) is the most commonly
used halogenated inhalational anesthetic agent in ophthalmic
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practice, as it causes faster induction, fewer systemic
complications, minimal airway irritation, and is associated with
faster recovery times!"?!]; it is especially popular as a GA for
short procedures in children.

Since several classes of drugs are used during induction
and maintenance of GA, many of which can affect IOP, it is
difficult to quantify the influences of each of these drugs on
IOP. However, attempts to do so have been carried out in a
few studies which used fixed anesthetic drug regimes in small
cohorts of patients and compared the effects of individual
anesthetic agents on IOPs.'”1 While fixed anesthetic drug
regimens are ideal for research purposes, they cannot be
practically applied in current day-to-day practices. This is
because anesthetists usually use various drug cocktails for
premedication and inducing anesthesia based on the patients’
systemic status and safety, duration of surgery, and one’s own
experience.
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As of now, no studies have quantified the effects of mixed
anesthetic agents on IOP measurements and compared them
with Sevoflurane, which is the commonest inhalational
anesthetic agent used. In this study, we have evaluated the
changes in IOPs associated with different types of anesthetics
used for GA during ophthalmic surgery.

Methods

In this cross-sectional study, conducted at our institute
between January 2017 and August 2017, we evaluated the
effects of different anesthetic agents on IOP at various
time points and measured using two types of tonometers
commonly used in children, the Perkins and rebound (ICare
PRO) tonometers. Institutional review board approval was
obtained (LEC-11-16-111) and the study adhered to all the
tenets of the Declaration of Helsinki. Informed consent was
taken from all patients; in the case of children, parental consent
was obtained.

Inclusion criteria

Normal healthy individual without any systemicillness (known
as ASA 1 as per American Society of anesthesiologists),
individual with mild systemic illness under control with
treatment (known as ASA 2) were included. Patients
undergoing ophthalmic surgery under general anesthesia (ASA
gradei, ii), and who were cooperative for IOP recording under
topical anesthesia preoperatively, were included in the study.

Exclusion criteria

Patients allergic to anesthetic agents (as noted from prior
history during preanesthetic check-up), and those with liver
or kidney diseases, past history of vitreoretinal surgeries,
refractive surgeries or any other intraocular surgeries known
to effect IOP or its measurement, history of trauma, and eyes
with corneal pathology that can influence IOP were excluded.

Procedures

In all cases, GA was induced via inhaled anesthetics. In
children (sevoflurane group), anesthesia was induced with
sevoflurane (8% for 30-60 s) along with nitrous oxide and
oxygen (in a 1:1 mixture), and maintained with 2%-4%
sevoflurane and nitrous oxide and oxygen (in a 1:1 mixture).
In older children and adults (mixed anesthetics group),
anesthesia was induced with a mix of propofol (2.0 mg/kg)
or thiopentone sodium (4 mg/kg), fentanyl (2 pg/kg), and 2%
sevoflurane (with nitrous oxide and oxygen in a 1:1 mixture);
anesthesia was maintained with 2% sevoflurane and nitrous
oxide and oxygen (in a 1:1 mixture). The muscle relaxant used
was atracurium (0.5 mg/kg for induction and 0.1 mg/kg/30 min
for maintenance). Oxygen saturation (SpO,) levels of >98%, and
end-tidal carbon dioxide partial pressures of 35-45 mm Hg
were maintained throughout all surgeries. Use of endotracheal
intubation or laryngeal mask airway was decided on by the
anesthetist based on the duration of the procedure and age of
the patient. Surgical procedures with expected surgical times
of <2 h were included in this study.

The IOP of the eye not undergoing surgery (nonsurgical
eye) was recorded at three time points with the patient in
supine position by the same ophthalmologist. These time points
were: 1) baseline IOP measured 5-10 min before induction of
anesthesia (T1) in the preoperative room; 2) after induction of
anesthesia and within 5 min after intubation (T2); and 3) at

the conclusion of surgery just before extubation (T3). The IOP
was recorded first using an ICare PRO (handheld rebound
tonometer that can be used in prone and supine position,
ICare PRO; ICare Finland Oy, Helsinki, Finland), followed
by a hand-held Perkins tonometer (Perkins; Clement-Clarke,
Haag-Streit, UK). The Perkins IOP was recorded after instilling
topical anesthetic drops and fluorescein staining. For measures
of the Perkins IOP, an average of two readings were taken. The
ICare PRO gives a digital display which is an average of five
measurements, reliable ICare PRO readings as indicated by a
green display were taken. The heart rates and blood pressures
of patients were also recorded at all three time points. Central
corneal thickness (CCT, Model Tomey SP 3000) measurements
were also recorded in all eyes one day after the surgeries.

Statistical analysis

The calculated sample size was 48 subjects to detect a difference
in IOP of >2 mm Hg with a power of 100% with an alpha error
of 5%. Based on the normalities of the recorded continuous
variables, descriptive statistics of either mean + standard
deviation (SD) or median and interquartile range (IQR) are
reported for this study. A multiple comparison of means
by Tukey contrast was used to compare the changes in IOP
values at various time points pre- and post-anesthesia. A linear
mixed-effects model was used to estimate between- and
within-subject variability. Mixed-effects models do not assume
independence among observations, and hence can be used in
the presence of correlated observations within a unit or cluster,
unlike traditional ANOVA models. An unpaired ¢ test was
used to compare mean IOPs between several pairs of groups:
Perkins vs. ICare PRO, pediatric vs. adult patients, endotracheal
intubation vs. laryngeal mask airway. In the results, a value
of P < 0.05 was considered statistically significant. Statistical
analyses were performed using R (version 3.3.2).

Results

Demographic and clinical characters

Between Jan 2017 and Aug 2017, 48 eyes of 48 patients aged
between 5 and 70 years, all undergoing ophthalmic surgery
under GA were enrolled in this study. There were 22 male
and 26 female patients, 20 right eyes and 28 left eyes. Patients
aged <16 years (n = 21) made up 44% of the sample. Only
18 patients (37.5%) in our study exhibited glaucoma and
were on antiglaucoma medications. The mean pre-anesthesia
IOP was 17.95 + 4.9 mm Hg (range: 10-30 mm Hg). The
type of airway management during anesthesia was either
endotracheal intubation (in 41 subjects [85%]) or laryngeal mask
airway (seven subjects [15%]). The general, ocular, systemic,
and anesthesia parameters for all patients are shown in Table 1.
Mean IOP values obtained at different time points using Perkins
and ICare PRO tonometers are shown in Table 1. The mean
heart rates, systolic, and diastolic blood pressures at various
time points, and the end-tidal sevoflurane concentrations
during anesthesia are given in Table 1. Surgical procedures
consisted of 26 intraocular and 22 extraocular procedures, the
mean durations of the surgeries were 42.5 + 22.64 min (range:
5-95 min).

Reductions in IOP after induction of anesthesia

Table 2 and Figs. 1a and 2a show the mean differences and
reductions in IOP values, respectively, at the three time
points as measured with Perkins and ICare PRO tonometers.
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Table 1: General, ocular, systemic, and anesthesia parameters in the study cohort (n=48)

Parameter Number of observations Mean Standard Deviation Minimum Maximum
Age 48 26.94 18.33 5 70
CCT 48 550.31 47.65 470 687
Number of AGM 48 1.06 1.63 0 4
Duration of surgery (minutes) 48 425 22.64 5 95
Perkin_T1 48 17.95 4.9 10 30
Perkin_T2 48 13.29 4 8 28
Perkin_T3 48 12.31 4.33 5 32
ICare PRO_TH1 48 19.45 4.9 7.7 31.9
ICare PRO_T2 48 14.3 3.91 6.8 26.3
ICare PRO_T3 48 14.09 3.66 6.6 23.5
HR at_T1 48 87.93 16.37 57 126
HR at_T2 48 82.25 15.97 53 126
HR at_T3 44 80.09 17.06 52 116
BP_Systolic_T1 48 113.48 17.82 87 157
BP_Diastolc_T1 48 69.1 11.47 50 98
BP_Systolic_T2 48 107.98 11.87 88 139
BP_Diastolic_T2 48 65.56 9.22 44 90
BP_Systolic_T3 36 104.72 16.05 80 160
BP_Diastolic_T3 36 66.17 13.4 46 94
End tidal sevoflurane concentration in % 41 1.55 1.31 0.2 8
End tidal CO, concentration in mm Hg 22 35.68 4.36 26 46

CCT: central corneal thickness, CO,: carbon dioxide, HR: heart rate, BP: blood pressure, AGM: antiglaucoma medications, T1: IOP measurement before
anesthesia, T2: IOP measurement after anesthesia and intubation, T3: IOP measurement at the conclusion of surgery, before extubating

Table 2: Differences in IOP measurements at various
time points in the study cohort. Multiple comparisons of
means using linear mixed-effects models with Tukey’s
contrast; P values reported with Bonferroni’s correction

Mean Std. 95% CI P
difference error
LCL UCL
Perkins tonometer
T2-T1 -4.66 0.58 -6.13 -3.18 0.00

T3-T1 -5.64 0.58 -7.11 -4.16 <0.001**

T3-T2 -0.98 0.58 -2.46 0.50 0.55
ICare PRO tonometer

T2-T1 -5.16 0.56 -6.58 -3.74 <0.001**

T3-T1 -5.36 0.56 -6.79 -3.94 <0.001**

T3-T2 -0.20 0.56 -1.63 1.22 1.00

*Indicates P<0.05; **Indicates P<0.01. LCL: Lower confidence limits;
UCL: Upper confidence limits

There were significant reductions in IOP values from T1 to
T2 (P < 0.01) and T1 to T3 (P < 0.01) when measured with
either Perkins or ICare PRO tonometers. The reductions in
mean IOP values measured with Perkins and ICare PRO at T2
were -4.65 mm Hg and -5.16 mm Hg, respectively, and at T3
were -5.63 mm Hg and -5.36 mm Hg, respectively.

Effect of anesthetic regime on IOP

There were 22 eyes in the sevoflurane group (sevoflurane
was used both for induction and maintenance) and 26 eyes in
the mixed anesthetics group (where propofol or thiopentone
sodium, fentanyl, and sevoflurane were used for induction

and maintenance of GA). The mean baseline IOP at T1 in
both groups were similar (P = 0.78 for Perkins tonometer
measurements and P = 0.51 for ICare PRO tonometer
measurements). As shown in Table 3, and Figs. 1b and 2b,
the decreases in IOP values after induction of anesthesia, at
T2 (P = 0.85 for Perkins tonometer measurements and P = 0.35
for ICare PRO tonometer measurements) and T3 (P = 0.42
for Perkins tonometer measurements and P = 0.20 for ICare
PRO tonometer measurements), were also not statistically
significant.

Effect of endotracheal intubation and laryngeal mask airway
on IOP

Although mean differences in IOP values measured using the
Perkins tonometer were greater in cases where laryngeal mask
airways were used (T2 =-6 mm Hg and T3 =-6.4 mm Hg), as
compared to those which used endotracheal intubation (T2
=—4.4 mm Hg and T3 = -5.5 mm Hg), these differences were
not statistically significant (P = 0.35 for T2 and P = 0.66 for T3).
Similarly, mean differences in IOP values measured using the
ICare PRO tonometer were greater for cases using laryngeal
mask airways (T2 = 7.3 mm Hg and T3 = -9.3 mm Hg) than
those using endotracheal intubation (T2 = 4.8 mm Hg and
T3 = -6.8 mm Hg) though these differences were also not
statistically significant (P = 0.13 for T2 and P = 0.24 for T3).

Effect of age on IOP

Our study had 27 adults and 21 children. The effect of age on
IOP was compared at T1, T2, and T3, as shown in Figs. 1c and 2c.
The baseline IOP at T1 as measured using a Perkins tonometer
was not significantly different between the adult and pediatric
patients (P =0.42); similarly, decreases in IOPs after anesthesia
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at T2 were not statistically different (P = 0.15) between the
two groups. However, the decreases in IOP levels at T3 were
significantly more in adults than those in children (P < 0.02),
when IOPs were measured using the Perkins tonometer [Fig. 1c].
A similar result was obtained when the ICare PRO tonometer
was used to measure IOPs [Fig. 2c]. Baseline IOPs at T1 were
similar between adults and children (P = 0.26), as were the
decreases in IOPs at T2 (P = 0.45). However, decreases in IOPs
at T3 were significantly more in adults as compared to those
in children (P < 0.01).

Decreases in IOP values in glaucomatous and nonglauco-
matous eyes

The differences in IOP values for baseline (T1), T2, and
T3 time points in glaucomatous (n=18) and nonglaucomatous
eyes (n =30) were also compared. Differences between the two
groups in the baseline IOPs at T1, when measured using the
Perkins tonometer, were nonsignificant (P = 0.26), as were those
for T2 (P =0.12); IOP values at T3, however, were significantly
different between the two groups with greater decrease in IOP

noted in nonglaucomatous eyes (P < 0.03). For measurements
made with the ICare PRO tonometer, differences in T1 and T2
between the two groups were not statistically significant (P =0.1
and P = 1.0, respectively). However, unlike the measurements
made with the Perkins tonometer, differences in T3 were also
found to be statistically nonsignificant (P = 1.0).

Changes in heart rate and blood pressure

Heart rates of patients were found to be significantly lower
than baseline measures (T1) by averages of 5.6 beats/min and
8.0 beats/min at T2 (P < 0.03) and T3 (P < 0.003), respectively.
However, although this difference was statistically
significant, it was not clinically significant. The decreases in
systolic blood pressures at T3 (when compared to those of
T1) were statistically significant (P < 0.01), although these
decreases were not significant at T2 (P = 0). Decreases in
diastolic blood pressures were not clinically or statistically
significant at T3 or T2 (P = 0.78 and P = 0, respectively).
However, we did not find any significant association (p-value
ranged from 0.27-0.92) between systolic blood pressure and

E m Perkin tonometer
20 20 20
—_— Mixed Adult
—-———- Sevo Ped

16

IOP In mmHg

14
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18 4

16

14

10 10 10
T T T T T T T T T
Time1 Time2 Time3 ~ Time1 Time2 Time3 Time1 Time2 Time3
Mean 17.95 13.29 12.31 Mixed 18.43 13.49 1135 Adult 17.44 12.56 11141
Sevo 17.73 1341 12.86 Ped 186 14.24 13.86
p-value 0.78 0.35 0.423 pvalue 0.42 0.15 0.02

Figure 1: IOP measurements obtained using a Perkins tonometer. (a) Mean IOPs at different time points (T1, T2, and T3); (b) differences in
IOPs at the 3 time points in the sevoflurane and mixed anesthetics groups; (c) variations in IOPs noted at the 3 time points in adults and children

E m ICare PRO tonometer
20 20
Mixed
Sevo
18 - ‘°~15, 18
» T,
o 2,
£ &
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£
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~ —_— o
14 14 -
12 12 12
10 10 10 -
T T T T T T T T T
Time1 Time2 Time3 ~ Time1 Time2 Time3 Time1 Time2 Time3
Mean 19.45 143 14.09 Mixed 19.88 14.79 13.48 Adult 18.75 13.92 12.97
Sevo 18.95 13.72 14.82 Ped 2036 14.78 1553
p-value 0.51 0.35 0.20 pvalue 0.26 0.45 0.01

Figure 2: IOP measurements obtained using the ICare PRO tonometer. (a) Mean IOPs at different time points (T1, T2, and T3); (b) Differences in
IOPs at the 3 time points in the sevoflurane and mixed anesthetics groups; (c) variations in IOPs noted at the 3 time points in adults and children
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Table 3: Differences in intraocular pressures (IOPs) in patients under general anesthesia using sevoflurane or mixed

anesthetic drugs between the baseline time point T1 (pre-anesthesia) and time points T2 (after induction) and T3 (at the
conclusion of surgery) as measured with Perkins and ICare PRO tonometers. Test used: multiple comparison of means
using linear mixed-effects models with Tukey’s contrast; P values reported with Bonferroni’s correction

Anesthetic Difference in Perkin tonometer ICare PRO tonometer
time points
Mean Std. 95% ClI P Mean Std. 95% CI P
Difference Error Difference Error
LCL ucCL LCL UCL

Sevoflurane T2-T1 -4.32 0.97 -6.60 -2.04 <0.01 -5.23 0.89 -7.31 -3.16 <0.01**

T3-T1 -4.86 0.97 -7.14 -2.58 <0.01 -4.13 0.89 -6.21 -2.06 <0.01**

T3-T2 -0.55 0.97 -2.82 1.73 1.00 1.10 0.89 -0.98 3.18 0.64
Mixed T2-T1 -4.94 0.74 -6.67 -3.21 <0.01 -5.10 0.72 -6.79 -3.40 <0.01**
anesthetics T3-T1 -6.29 0.74 -8.02 -4.56 <0.01 -6.40 0.72 -8.10 -4.71 <0.01**

T3-T2 -1.35 0.74 -3.07 0.38 0.20 -1.31 0.72 -3.00 0.38 0.21

*Indicates P<0.05; **Indicates P<0.01

IOP or diastolic blood pressure on IOP measurements at the
three time points.

A linear mixed-effects model with interactions was used
to evaluate the effects of various parameters on IOP values.
With both, Perkins and ICare PRO tonometers, CCT was found
to have a significant positive effect (P < 0.01) on IOP values;
i.e., patients with higher CCT values had slightly higher IOP
values. However, the effect size was constant (ranged between
0.03 and 0.04) at every time point. Hence, the IOPs were not
adjusted for the CCT.

The mean end-tidal sevoflurane concentration in this
study cohort was 1.55 # 1.31%, and the mean end-tidal CO,
concentration was 35.68 + 4.36 mm Hg as shown in Table 1.

Discussion

In this nonrandomized, cross-sectional study, we evaluated the
effects of commonly used inhalational anesthetics in decreasing
IOP. During GA, several agents are used for induction and
maintenance of anesthesia, muscle relaxation, analgesia, and
sedation depending on the patient’s systemic parameters and
the type and duration of surgery. It is well known that many
inhalational anesthetics reduce IOP.[*?'? We conducted this
study with drugs used for GA in regular clinical practice, rather
than with a fixed anesthetic drug regimen as is mostly done for
research purposes. We categorized patients into two cohorts based
on anesthetic regimes commonly used in clinical practice; these
were: 1) the sevoflurane group (where only sevoflurane along
with nitrous oxide and oxygen are used to induce and maintain
anesthesia) and 2) the mixed anesthetics group (where propofol
or thiopentone sodium, fentanyl, and sevoflurane (with nitrous
oxide and oxygen) are used to induce anesthesia, and sevoflurane
with nitrous oxide and oxygen is used to maintain it). Although
it would have been ideal to have had a cohort of uniform age in
this study (specifically children, as they would have been the
representative population to which this study’s results would
have applied), our study included both adults and children.
This is because it is not practical to conduct such a study on very
young children due to the very real challenges of acquiring reliable
measures of IOP values using a Perkins tonometer (which is the
gold standard in measuring IOPs) when the patient is awake.

In this study, IOP values recorded via both Perkins and ICare
PRO tonometers showed a significant decrease (by 4-6 mm Hg)

after induction of anesthesia, intubation, and at the end of the
surgery. While making diagnostic and therapeutic decisions,
especially for children, it is important to be cognizant of
this underestimation in IOP values during GA. We noted
progressive reductions in IOPs (at T2 and T3) in both groups;
though the differences in these reductions were not statistically
significant between the two groups, these differences may be
clinically significant. What we can infer from our data, is that
IOP needs to be checked as soon as possible after induction of
anesthesia to obtain IOP measurements closest to the true IOP.
In children, while IOP is an important parameter that influences
medical decisions, the effect of other parameters, such as
corneal diameter, myopic shift in refraction, and structural
progression, must also be considered.

Similar to our results, Park et al. (2013)1"8 showed IOP
reductions of 5-6 mm Hg as measured by Tonopen, in
patients anesthetized with either sevoflurane or desflurane.
Schafer et al. (2002)!"" compared IOP measurements in patients
anesthetized with a combination of anesthetics such as propofol
with remifentanil or sevoflurane with remifentanil; IOPs were
measured using Draeger’s tonometer and the study reported
greater IOP reductions in the group treated with propofol
and remifentanil than the one treated with sevoflurane and
remifentanil. However, the study lacked details on the degree
of IOP reduction in the two groups. Gofman et al. (2017)2!
compared IOP values in patients anesthetized with propofol
administered by targeted control infusion, with those
anesthetized with sevoflurane in the increasing vs. decreasing
concentration (0.5%, 2%, and 5%). The authors showed that
there were no significant changes in IOPs before and after
induction of anesthesia, and that there were no differences in
IOP values between the two groups of patients treated with
the different anesthetics. The results of this study, however, are
contradictory to those of other studies that have shown that
both propofol and sevoflurane decrease IOP.l' ¢!

Endotracheal intubation has been shown to increase IOP via
hemodynamic changes,"*!" and by stimulating the sympathetic
nervous system, which leads to higher resistance in aqueous
outflow at the level of the trabecular meshwork.[01123-2]
Laryngeal airway mask induces lesser hemodynamic changes
compared to endotracheal intubation.”! Although our primary
aim was not to compare variations in IOP between the two
types of airway maintenance (endotracheal tube or laryngeal
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mask airway) used during GA, we had enough data to do so;
this comparison is important for determining if IOPs recorded
under GA with these two methods can be used interchangeably.
In this study, although the mean reduction in IOP was slightly
more for patients on whom laryngeal mask airways were used
as compared to those on whom endotracheal intubation was
used, the difference was not statistically significant, owing to
small sample size. Similar to our study, Eltzschig et al. (2017)1"!
reported mean IOPs decreased by 3-4 mm Hg in endotracheal
intubation and laryngeal mask airway groups with no
differences noted between the two groups.

Our data, which includes almost equal numbers of adults
and children, indicates that the IOPs at T1 and T2 in these
two cohorts were similar; however, at T3, the decrease in IOP
was much higher in the adult group. One-third of the patients
included in this study suffered from glaucoma; however, since
these patients were on antiglaucoma medication, the baseline
IOPs between glaucoma patients were not very different from
those of patients without glaucoma. A greater decrease in IOP
at T3 was noted in adults compared to children, majority of
adults were nonglaucomatous; and significantly larger number
of children had glaucoma (15/21 vs. 3/27, P < 0.0001) in our
study. Airway manipulation during GA causes rise in IOP due
to increase in BP and increase in blood flow to the eye, increased
sympathetic tone with higher resistance to aqueous outflow at
the level of the trabecular meshwork. This increase in IOP is
greater in eyes with glaucoma compared to nonglaucomatous
eyes due to greater outflow resistance in glaucomatous eyes, !
which can explain the difference noted in our study between
glaucomatous and nonglaucomatous eyes.

There is conflicting evidence in the literature on the effect
of posture on IOP measurements.?3! It is known that the IOP
measurements are affected by position, elevated episcleral
venous pressure is implicated to higher IOP measured in
supine position compared to the sitting position.* All the
IOP measurements in our study were measured in supine
position hence it is unlikely that the IOP differences noted at
various time points in our study would be affected by postural
variations. In the current study with no postural variations in
IIOP measurement, this factor is unlikely to affect the readings.

Several systemic parameters like heart rate and blood
pressure, which may affect IOP, may be altered during GA.
The end-tidal CO, level is another important parameter
that can influence IOP in patients under GA.F>*! Levels of
end-tidal CO, > 45 mm Hg can directly affect blood pressure,
which can indirectly influence IOP. In our study, the
end-tidal CO, levels were found to be maintained at a mean
of 35.68 mm Hg. Since sevoflurane concentration in exhaled
air is directly proportional to the decrease in IOP, maintaining
sevoflurane at this concentration is desirable to prevent an
excessive decrease in IOP decrease.?) In our study, the mean
end-tidal sevoflurane concentration was 1.55%; it is possible
that since these parameters (end-tidal CO, levels and end-tidal
sevoflurane concentrations) were strictly maintained during
surgery, their effects on IOP values were not evident.

The Perkins tonometer is a handheld variant of the
Goldmann applanation tonometer and is the current gold
standard for IOP estimation in the supine position for both
adults and children.** However, Rebound tonometers are
increasingly used for IOP estimation in children and have

shown good agreement with Perkins tonometer estimations
of IOP, although slightly overestimates when IOP values are
higher than 19 mm Hg.["! Hence, we used both tonometers to
measure all IOP readings at various time points. Significant
reductions in IOP were measured by both tonometers at all
time points after anesthesia; however, the IOP measurements
obtained via the ICare PRO tonometer were higher than those
obtained via the Perkins tonometer by an average of 1.4 mm Hg
for all time points (these differences were statistically significant
for time points T1 and T3); this result validates the results of
several other studies.*>!

Our study is different from other studies on this topic, as
the comparisons of IOPs recorded at various time points with
pre-anesthesia IOP values were carried out using linear mixed
effect models. In addition, we believe that our study, which
documents the effects of commonly used anesthetics (that
are preferred in day-to-day practice) on IOP measurements
and uses two tonometers to record IOPs, is more useful in
understanding how different factors can affect IOP measures
in patients under GA, than any other previous work on this
subject. This work not only evaluates the effect of GA on IOP
measurement, but also quantifies the reductions in IOP values
at various time points after anesthesia. By not restricting this
study to a single anesthetic agent, we were also able to gain
some insights on how IOP is affected by the protocols followed
in day-to-day practice; this makes our results applicable to a
larger pool of patients.

The mainlimitation of this study is the involvement of multiple
anesthetists and ophthalmologists (two ophthalmologists were
involved in acquiring IOP measurements for this study),
although all the IOP readings for a patient were taken by a
single observer. The other limitations in this study are the
very small sample sizes for the laryngeal mask airways cohort.

Conclusion

In conclusion, this work is a cross-sectional study comparing
pre-anesthesia IOP measurements with IOP measurements
obtained after induction of GA with inhalational anesthetics.
We found that IOPs were significantly underestimated when
patients are under GA. Since IOP is underestimated under
GA, the “actual IOP” should be ~4-6 mm Hg higher than the
IOP measured in patients under GA; this difference has to be
accounted for while making medical management decisions
based on IOP values in children with glaucoma. While
reporting IOPs in surgical studies, the “cut-offs” for IOP
controls under GA and awake conditions should be different.
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