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Abstract
Background: Despite recent innovations in cataract surgery, pupillary diameter is one of the most important affecting factors in outcome of this
surgery. As cataract surgery is performed ideally when the pupil is sufficiently dilated, anesthesia may contribute significantly in success or
failure of this operation. This study was performed to evaluate the effect of nitrous oxide on pupillary diameter in cataract surgery under general
anesthesia.
Methods: Forty patients with cataract, scheduled for operation under general anesthesia, were randomly allocated into two groups. After in-
duction of anesthesia, anesthesia was maintained with isoflurane and nitrous oxide e oxygen (60%-40%) in group 1 versus oxygen 100% in
group 2. Pupillary diameter, heart rate and blood pressure were monitored and recorded, before induction of anesthesia, just before tracheal
intubation, and one and 5 min after laryngoscopy and tracheal intubation.
Results: Statistical analysis of the results using ManneWhitney test showed no significant difference in pupillary diameter between two the
groups.
Conclusion: According to the results of this study, nitrous oxide has no effect on pupillary diameter of patients under general anesthesia, so it
could be safety used, in this regard, in ophthalmic operations.
Copyright © 2017, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The use of modern techniques in cataract surgery in recent
years has become increasingly popular. Given that cataract
surgery is one of the most common of ophthalmic surgeries,
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achieving new ways to increase efficiency and reduce the risk
of complications is desirable.1,2

Despite recent advances in techniques of ophthalmic
operation, pupillary size is still one of the important and
factors affecting determining final results.3 Since constricted
pupils can impose adverse effects, specifically on cataract
surgery, pupillary dilatation has a vital role in its success and
outcome.4,5

The effects of anesthetics on pupillary diameter are vari-
able. Desflurane and sevoflurane increase but alfentanil and
nalbuphine decrease pupillary size during surgery under gen-
eral anesthesia.6,7
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Table 1

Characteristics of patients undergoing cataract surgery under general anes-

thesia using nitrous oxide according to age and sex.

Group Age mean (y) Male Female

Nitrous oxide 64.2 13 7

Without nitrous oxide 64.3 12 8
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Nitrous oxide is one of the oldest and most widely used
anesthetics. Its application during anesthesia is common
worldwide.8,9 Nitrous oxide has a linear molecule (N^NeO)
and is a colorless, odorless, and non-flammable gas at standard
temperature and pressure. It has no irritant effect on the human
respiratory system. This gas is 1.5 times heavier than air and
naturally exists in the atmosphere at a concentration of
0.5 ppm. Nitrous oxide is produced normally by heating
ammonium nitrate up to 270 �C with substances such as nitric
oxide, nitrogen dioxide, chlorine gas, carbon monoxide and
nitrogen. Purification of nitrous oxide is a difficult
process.9e12

Nitrous oxide is one of the weakest anesthetic gases, with
minimum alveolar concentration (MAC) of 104%. It means
that even with the maximum permitted prescription (70%
concentration), it cannot be used as a sole anesthetic. There-
fore, it should be used in combination with other anesthetics,
inhaled or intravenous, to induce or maintain anesthesia.

Generally, nitrous oxide is known as a weak anesthetic but
strong analgesic and facilitates reduction of the required dose
of other patent anesthetic drugs.9,12,13

Nitrous oxide has a low blood solubility (blood/gas parti-
tion coefficient of 0.47) with rapid increase of its relative
pressure in blood after administration.9

A limited number of studies have evaluated the effect of
this gas on human pupillary diameter, with controversial re-
sults.4,14,15 In this research, the effect of nitrous oxide on
pupillary diameter in cataract surgery under general anesthesia
was investigated.

2. Methods

This study was designed as a prospective, interventional,
double blind clinical trial. Considering the standard deviation,
appreciable change in pupillary diameter was determined to be
1 mm to achieve 95% confidence interval with 80% test power.

Forty patients with cataract, 50e80 years old, American
Society of Anesthesiologists Physical Status (ASAPS) 1 or 2
were enrolled in the study after their consent was obtained.
They were randomly allocated in two groups, 20 patients per
group, on the basis of the rightmost odd or even number of
their file number.

Exclusion criteria were: patients with obesity (BMI > 30),
blood pressure above 160/90 mmHg, glaucoma, pseudo
exfoliation pupillary adhesions, optical trauma, clear corneal
opacity (leucoma), diabetes and endotracheal intubation last-
ing more than 30 s.

All patients received the same method to induce dilation of
pupils half an hour prior to induction of anesthesia, with 4e5
drops of homatropine and phenylephrine 5%, every 5 min, for
three times. Pressure on the panctum and lacrimal sac was
applied for 15 s after application of each drop. Then, patients
were taken to the operating room and standard monitoring
(non-invasive blood pressure, electrocardiogram, pulse oxy-
metry and capnography) were applied. Premedication,
0.03 mg/kg intravenous midazolam and 2 m/kg of fentanyl,
was given to all patients, then 5 mg/kg pentothal and 0.6 mg/
kg atracurium were administered respectively for induction of
anesthesia and muscle relaxation. This was followed by
endotracheal intubation 3 min later. Anesthesia was main-
tained with isoflurane plus 40% oxygen and 60% nitrous oxide
in the first group and 100% oxygen in the second group with
preservation of normocapnia and normoxia.

Pupillary diameter was measured by pupillometer (Colvard
Pupillometer, OASIS, United States) at four time points:
before anesthesia induction, before endotracheal intubation,
and one and five minutes after intubation. The blood pressure
and heart rate were recorded at each time. Collected data were
analyzed by SPSS 16 statistical software. Demographic find-
ings were investigated and compared by ManneWhitney test.

3. Results

Patients' demographic characteristics are shown in Table 1.
As can be seen, there were no significant differences between
the mean age and sex of the patients (Table 1). As Table 2
indicates, the average blood pressures at all time points were
compared between the two groups and showed no statistically
significant difference (P > 0.05) (Table 2).

In Table 3, comparison of the average heart rate between
both groups is shown and indicates no statistically significant
difference (Table 3).

Table 4 demonstrates the comparison of the mean pupillary
diameter of groups 1 and 2 at four studied time points. Sta-
tistical analysis revealed no significant difference (P > 0.05).

Table 5 shows changes in mean pupillary diameter from the
1st to 3rd and 4th time points (respectively one and 5 min after
endotracheal intubation). No statistically significant differ-
ences were noted (P > 0.05).

ManneWhitney test was used to compare the results.
All patients had a favorable condition after surgery. No case

of vomiting or cardiovascular or respiratory complication was
observed, and all of them achieved a favorable level of con-
sciousness within 15 min after the surgery.

4. Discussion
“Because human pupillary size is under control of the
sympathetic and parasympathetic systems, therefore, drugs
that affect the autonomic nervous system have the ability to
affect the pupillary diameter”.4

Many studies indicate that nitrous oxide activates the
sympathetic nervous system.4,16e18 Fukunaga, using direct
recording of visceral nerve activity in cats anesthetized with
9% halothane, found that after adding 70% nitrous oxide to the
inhaled gas, the sympathetic activity increased 13%. Ebert



Table 2

A comparison of mean arterial blood pressure in patients undergoing cataract

surgery under general anesthesia with or without nitrous oxide at four studied

time points.

Studied time points Group 1 (anesthesia

with nitrous oxide)

Group 2 (anesthesia

without nitrous oxide)

P

Before anesthesia 107.8 ± 8.1 106.1 ± 10.5 0.64

Before tracheal

intubation

94 ± 20.1 95.3 ± 24.3 0.98

One minute after

tracheal intubation

111.2 ± 16.5 108.1 ± 19.3 0.73

Five minutes after

tracheal intubation

95.4 ± 18.3 97.4 ± 17.9 0.71

Table 3

A comparison of the average heart rate of patients undergoing cataract surgery

under general anesthesia with or without nitrous oxide at four studied time

points.

Studied time points Group 1 (anesthesia

with nitrous oxide)

Group 2 (anesthesia

without nitrous oxide)

P

Before anesthesia 78.3 ± 10.7 73.6 ± 7.9 0.18

Before tracheal

intubation

75.5 ± 10.8 77.4 ± 8.9 0.39

One minute after

tracheal intubation

82.5 ± 8.6 81.5 ± 13.7 0.77

Five minutes after

tracheal intubation

73.3 ± 8.8 77.1 ± 13.3 0.35

Table 4

A comparison of pupillary diameter in patients undergoing cataract surgery

under general anesthesia with or without nitrous oxide at four studied time

points.

Studied time points Group 1 (anesthesia

with nitrous oxide)

Group 2 (anesthesia

without nitrous oxide)

P

Before anesthesia 6.7 ± 0.92 6.1 ± 1.21 0.1

Before tracheal

intubation

6.3 ± 1.03 5.85 ± 1.18 0.2

One minute after

tracheal intubation

6.4 ± 1.09 5.7 ± 1.30 0.08

Five minutes after

tracheal intubation

6.4 ± 0.99 5.75 ± 1.33 0.08

Table 5

A comparison of changes in pupillary diameter in patients undergoing cataract

surgery under general anesthesia with or without nitrous oxide between time

point 1 and time points 3 and 4.

Phase Group 1 (anesthesia

with nitrous oxide)

Group 2 (anesthesia

without nitrous oxide)

P

1 and 3 0.80 ± 0.3 0.59 ± 0.4 0.67

1 and 4 0.80 ± 0.3 0.48 ± 0.35 0.88
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reported that 40% nitrous oxide resulted in an increase of
sympathetic activity in skeletal muscle nerves in healthy
volunteers. Sellgren et al. reported similar results. Increased
sympathetic activity following nitrous oxide administration is
probably the cause of relative cardiovascular stability when
“NO2” is used along with other anesthetic drugs with
suppressive effects on the sympathetic system. However, the
mechanism of increase of sympathetic activity by nitrous
oxide is unknown.18

As mentioned earlier, not many studies have been con-
ducted on the possible effects of nitrous oxide on the size of
human pupil.4 Smith and colleagues, showed that adding
nitrous oxide to halothane-oxygen in humans, increased pu-
pillary diameter,18 not matching our result. In another study on
the role of fentanyl, clonidine and nitrous oxide on dilated
pupils due to of anesthesia with desflurane, it was found that
fentanyl and clonidine decrease mydriasis and nitrous oxide
increase the mydriasis during anesthesia.14 Another study
evaluated the effect of nitrous oxide on dogs' pupillary
diameter. Twenty dogs were anesthetized in each of two
groups with 10 mg/kg of propofol. Then, to maintain anes-
thesia in one group desflurane with 100% oxygen and in the
other group, desflurane plus 70% of nitrous oxide and 30%
oxygen was used. Finally, they found that pupillary diameter
in nitrous oxide group, unlike the other group was not
significantly decreased.4 In contrast, in a study evaluating
pupillary diameter upon painful stimulation, nitrous oxide
reduced pupillary dilation in response to painful stimulation.16

In addition, several other studies noted that nitrous oxide
causes suppression of pupillary reflection to light and led to a
little reduction in pupillary diameter, perhaps the effect of this
drug on the opioid receptors.15,19,20

The results of the present study also indicate a slight and
intangible decrease in the pupillary diameter following the use
of nitrous oxide and in fact nitrous oxide results in the
maintenance of pupillary diameter in a suitable range for
cataract surgery. According to the fact that the main role of
nitrous oxide in anesthesia is to reduce the opioid dose and by
considering the fixed role of opioids in reduction of pupillary
diameter, it seems that addiction of nitrous oxide may results
in better condition for cataract surgery rather the opioids
alone. Although, there is a need for more research in this field.

We didn't interfere with routine application of pre-op
ophthalmic drops because we were to evaluate the effect of
N2O in real situation. Although our results indicate mild
reduction in pupillary diameter but it should be considered as a
disturbing factor.

In conclusion, nitrous oxide could safely be used in general
anesthesia for ophthalmologic operations regarding is negli-
gible effect on pupillary diameter.

The present study may have some important clinical im-
plications such as:

1) In any situation when there is limitation or contraindica-
tion to consumption of ophthalmic drops (e.g. closed angle
glaucoma, eye trauma, corneal transplant) one should
know if NO2 have any effect on pupillary diameter.

2) Generalizing our result, if there is any change in pupillary
diameter in surgeries under general anesthesia and one is
going to find out the causes, it may be helpful to know
whether NO2 is a contributor or not.

3) With ever-growing number of ophthalmologic examina-
tions under anesthesia (EUA) and the need to return to
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daily activities as soon as possible, consumption of
mydriatic drugs is limited, and so the effect of NO2 on
pupillary diameter is very important and should be
delineated.
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