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Abstract

Background: Several general and local anesthetic techniques have been employed to try and prevent increase in intraocular
pressure during surgery. Interest in general anesthesia for intraocular surgery is relatively recent. Many surgeons now prefer
full anesthesia and indeed the increasing scope of ophthalmic surgery demands it. This study was therefore undertaken to
know the changes in intraocular pressure, during various steps of general anesthesia using thiopentone sodium or ketamine for
induction and suxamethonium (succinylcholine) for neuromuscular blockade. Material and Methods: Sixty patients between the
age group of 1-75 years were selected for this study. These patients were divided into two groups -I and II. The patients in
groups were given general anesthesia and were operated for either ophthalmic or non - ophthalmic indications. A detailed
general examination (including measurement of blood pressure) and systemic examination was done to rule out any systemic
disorder which would directly or indirectly affect the measurement of intraocular pressure during the course of the study.
Routine blood and urine investigations were done. Results: The mean fall in intraocular pressure after induction as compared to
mean baseline intraocular pressure was 2.48+1.32 in group - I. The mean rise in intraocular pressure after induction as compared
to mean baseline intraocular pressure was 2.67+2.08 in group-II. This difference in the intraocular pressure after induction in
group -I was statistically highly significant as compared to group -II (p<0.01). Conclusions: Thiopentone sodium can be safely
used as an inducing agent in any intraocular surgery done under general anesthesia. Ketamine, as far as possible, should be

restricted to extraocular ophthalmic surgeries.
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Introduction

The maintenance of intraocular pressure, along
with analgesia and akinesia, is very important
during an intraocular surgery. Any increase in the
intraocular pressure while the globe is open, may
cause expulsion of vitreous and subsequent loss of
vision. Several general and local anesthetic
techniques have been employed to try and prevent
increase in intraocular pressure during surgery.
Whether the patient is operated under general or
local anesthesia, the desirability of a soft globe for
anterior segment surgery is generally an accepted
surgical principal. A reduced intraocular pressure

with a concave vitreous face can help the procedure
to be carried out smoothly. Preoperative intraocular
pressure reduction is thought to minimize the risk
of vitreous loss and expulsive haemorrhage during
cataract surgery. To obtain a soft eye preoperatively
is quite difficult in patients being operated under
general anesthesia, whereas in local anesthesia, there
is a major advantage of obtaining this with the help
of various methods [1].

Interest in general anesthesia for intraocular
surgery is relatively recent. Many surgeons now
prefer full anesthesia and indeed the increasing
scope of ophthalmic surgery demands it. A large
series of intraocular operations carried out under
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general anesthesia suggest that the surgical results
are neither better nor worst than those done under
local, but there may be an irreversible gain, firstly
in that the patients are spared a trying ordeal and
secondly that patients previously refuse surgery
because their cooperation was in doubt, are now
having sight restored by operations performed
under general anesthesia.

General anesthesia may vary from a technique
which utilizes anesthesia, muscle paralysis and
ventilation with intubation on one hand to reliance
on spontaneous breathing and a laryngeal mask on
the other [2].

Most of the agents commonly used for induction
in general anesthesia reduce intraocular pressure [3].
Thiopentone sodium, for example, significantly
reduces intraocular pressure [3-7]. Ketamine, a useful
inducing agent for paesiatric ophthalmic examination
and short procedures on the other hand, causes a
rise in intraocular pressure [3,6,7]. Syxamethonum,
a muscle relaxant, used before intubation also causes
a rise in the intraocular pressure [3,6,7].

Some investigators have reported that ketamine,
but not propofol, provides additional effects on
decreasing the incidence of EA in pediatric patients
[8], and ketamine induction provides less EA when
compared to thiopental induction for desflurane
anesthesia for a tonsillectomy and adenoidectomy
without delayed recovery[9]. However, another
report showed that the EA after sevoflurane
anesthesia was significantly reduced by propofol
induction, as compared with thiopental sodium [10].

However, general anesthesia may produce
problems in many elderly patients and especially
in those with concomitant systemic disease. Further,
straining, coughing and vomiting associated with
it may cause serious increase in intraocular pressure
which may be disastrous [11]. Local anesthesia, on
the other hand, has become increasingly popular
for a variety of surgical procedures. The trend
towards local anesthesia in preference to general
anesthesia in eye surgery increases apace for several
reasons, not least of which is the move towards day
care surgery [12].

There are advantages and disadvantages of both
the local anesthetic techniques. Since all these
procedure appear to work well in experienced
hands, most surgeons, however, continue to use the
techniques they know best.

It is seen that though both these techniques of
local anesthesia provide a good amount of akinesia
and anesthesia, they produce a rise in the intraocular
pressure, after their injection, which might be

hazardous after opening the globe [13]. This study
was therefore undertaken to know the changes in
intraocular pressure, during various steps of general
anesthesia using thiopentone sodium or ketamine for
induction and suxamethonium (succinylcholine) for
neuromuscular blockade.

Objectives

To study the changes in intraocular pressure
during various steps of general anesthesia using
thiopentone sodium or ketamine for induction and
succinylcholine for neuromuscular blockade.

Materials and Methods

Sixty patients between the age group of 1-75 years
were selected for this study. These patients were
divided into two groups -1 and II. The patients in groups
were given general anesthesia and were operated for
either ophthalmic or non - ophthalmic indications.

Group - I contained 30 patients who were given
Inj. Thiopentone sodium intravenously for
induction of anesthesia. Group - II contained 30
patients who were given Inj. Ketamine intravenously
for induction of anesthesia. In both the groups,
succinylcholine (suxamethonium) was used for
neuromuscular blockade before intubation.

A detailed history was taken which included
history of any systemic disorders like diabetes
mellitus, hypertension, bronchial asthma, ischaemic
heart disease etc.

A detailed general examination (including
measurement of blood pressure) and systemic
examination was done to rule out any systemic
disorder which would directly or indirectly affect
the measurement of intraocular pressure during the
course of the study. Routine blood and urine
investigations were done.

All the patients were started on systemic and local
antiobiotics preoperatively and were given Inj.
Atropine 0.6 mg intramuscularly half prior to
surgery. Lignocaine sensitivity test was done in
patients who were to be operated under local
anesthesia. Written consent was taken for surgery,
anesthesia and for relevant examination.

Materials

And all the materials necessary for induction of
anesthesia and intubation.
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General Anesthesia

Inj. Thiopentone sodium

Inj. Ketamine
Inj. Succinylcholine
Syringes

500 mg or 1 gm vial

50 mg/cc 10 cc vial
50 mg/cc 10 cc vial
2cc

Schiotz Tonometer [14,15]

In this study the intraocular pressure was
measured with the help of Schiotz tonometer.

This is a prototype of indentation instruments.
With the help of this instrument, the deformation
or indentation of the globe in response to a standard
weight applied to the cornea is measured.

The instrument consists of a metal plunger that
slides through a hole in a concave metal foot plate.
The plunger supports a hammer device that is
connected to a needle that crosses a scale. The
plunger, hammer and needle weigh 5.5 gm. This
can be increased to 7.5 gm, 10 gm or 15 gm by
addition of appropriate weights. The more the
plunger indents the cornea, higher is he scale
reading and lower is the intraocular pressure. Each
scale unit represents a 0.05 mm protrusion of the
plunger.

Measurement of Intraocular Pressure [14,15]

Following method and guidelines were followed
for measuring intraocular pressure in both the
groups.

* The patient was given appropriate anesthesia
depending on the group of anesthesia under
study.

* A drop of topical anesthetic (4% xylocaine) was
instilled in eye after explaining the nature of the
test to the patient.

» Patient’s lids were retracted without placing any
tension on the globe.

* The tonometer was placed directly over the eye
and when the patient relaxed, the tonometer was
lowered gently on to the cornea.

* The intraocular pressure measurement was
repeated until three consecutive readings were
within 0.5 scale units.

* The average scale reading was converted to
intraocular pressure in millimeters of Mercury
using a conversion chart.

* After each use, the tonometer plunger and foot
plate were cleaned with spirit followed by
normal saline and then wiped dry lint free
material.

Pre - Medication

Inj. Pentazocine 0.3 mg/ kg and Inj. Glycopyrolate
0.004 mg/ kg was given intramuscularly 30 minutes
prior to induction.

Induction

* After taking the patient on the operation table,
intraocular pressure was measured after putting
1-2 drops of 4% xylocaine in the eye.

* Prior to and during the procedure, special care
was taken to avoid any pressure on the patients
eye and to prevent any respiratory disturbances
e.g. coughing, straining, laryngospasm etc.
since these disturbances produce a rise in
intraocular pressure due to rise in venous
pressure.

* Pre - oxygenation was done with 100% oxygen
for 3 minutes.

* In group A-I, induction was done with
thiopentone sodium 5 mg/ kg intravenously and
succinylcholine 2 mg/kg intravenously was
given to obtain muscular paralysis.

* Ingroup A-II, induction was done with ketamine
2 mg/kg intaravenously and succinylcholine 2
mg/kg was used to facilitate endotracheal
intubation.

* Intubation was done after adequate muscle
relaxation.

* Anesthesia was maintained with O,-NO,-
halothane combination.

» Patient was reversed with neostigmine 0.04 -0.06
mg/kg and Inj. Glycopyrolate 0.008 mg/kg
intravenously and extubation was done.

Recording of Intraocular Pressure

Intraocular pressure was measured at following
stages:

1. Before induction

2. After the patient was induced with thiopentone
sodium i.e. before giving succinylcholine

3. Immediately after tracheal intubation.

4. After the patient was extubated.
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Statistical Analysis

Descriptive statistics such as mean, SD and
percentage was used. Comparison between two

In group -1, there were 17 cases (56.7%) which
belonged to age group 21-30 years followed by 5
cases (16.7%) in the group 0-10 years and 4 cases

groups was done by using t-test. A p-value less than ~ (13.3%) in the age group 41-50 years.
0.05 were considered as significant. Statistical

In group - II, there were 10 cases (33.3%) which
analysis was performed by using software SPSS v16.0

belonged to 21-30 years followed by 7 cases (23.3%)
each in the age group 11-20 years and 31-40 years.

Results In the present study, it was seen that the mean
pre-induction intraocular pressure was 13.84+2.75
and the mean post - induction intraocular pressure
was 11.35+2.52. After applying the student ‘t’ test
the difference between these 2 values was found to

be statistically highly significant (p<0.01).

Group - I consisted of 30 cases in which there
were 11 males (36.7%) and 19 females (63.3%).
Group - II also consisted of 30 cases in which there
were 9 males (30%) and 21 females (70%).

There were more females in group A because most
of the cases selected in this group were being operated
for either obstetrical or gynecological indications.

The mean fall in intraocular pressure after
induction as compared to mean baseline intraocular
pressure was 2.48+1.32.

Table 1: Sex-wise distribution

Sex Group -1 Group - 11
Thiopentone sodium + succinylcholine Ketamine + succinylcholine
No. of Cases Percentage No. of Cases Percentage
Males 11 36.7 9 30.0
Females 19 63.3 21 70.0
Total 30 100.00 25 100.00
Table 2: Age-wise distribution
Age (years) Group -1 Group - II

Thiopentone Sodium + Succinylcholine Ketamine + Succinylcholine

No. of Cases Percentage No. of Cases Percentage
0-10 05 l6.7 - -
11-20 02 6.7 7 23.3
21-30 17 56.7 10 33.3
31-40 01 3.3 7 23.3
41-50 04 133 03 10.00
Above 51 01 33 03 10.00
Total 30 100.00 30 100

Table 3: Mean intraocular pressure in group-I (thiopentone sodium + succinylcholine)

Intraocular Pressure (IOP) Recording in mmHg (n=30)
Pre - Induction Post - Induction Post - Intubation Post - Extubation

Mean + SD 1384275 11.35+2.52 16.50 £2.10 12.56 +£2.06
Range 8.5-189 8.5-18.9 12.2-20.6 71-18.9
Mean change in IOP as compared to
mean baseline IOP - 248 +1.32 2.68 +1.60 1.74£1.46

Table 4: Mean intraocular pressure in group-II (ketamine + succinylcholine)

Intraocular Pressure (IOP) Recording in mmhg (N=30)
Pre - Induction Post - Induction Post - Intubation  Post - Extubation

Mean #* SD 12.17 +£2.08 14.84 +1.94 17.18 £1.02 1214 £1.72
Range 94-159 10.2-17.3 15.9-19.0 94-149
Mean change inIOPas - 2.67 +£2.08 516121 0.008 £ 0.65

compared to mean baseline IOP
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Table 5: Comparison of intraocualr pressure (mmhg) between groups

Steps of Anesthesia Group-I Group-li S.E. t - value P- value
Mean = SD Mean = SD
Pre - Induction 13.84+£2.75 12.17£2.08 - - -
Post - Induction 11.35+2.52 14.84+£1.94 0.64 545 <0.01
Post - Intubation 16.50 £2.10 1718 £1.02 0.47 144 >0.05
Post - Extubation 12.56 £2.06 12.14£1.72 0.54 0.78 >0.05

In the present study, it was seen that the mean
pre-induction intraocular pressure was 12.17+2.08
and the mean post - induction intraocular pressure
was 14.84+1.94. The difference between these 2
values was found to be statistically highly significant
(p<0.01).

The mean rise in intraocular pressure after
induction as compared to mean baseline intraocular
pressure was 2.67+2.08.

From the above table it was seen that there was a
fall in intraocular pressure after induction in group-
I (13.84+2.75 to 11.35+2.52) whereas in group- II
there was a rise in intraocular pressure after
induction (12.1742.08 to 14.84+1.94).

This difference in the intraocular pressure after
induction in group-I was statistically highly
significant as compared to group -II (p<0.01)

Discussion

Intraocular pressure after induction with
thiopentone (group -I):

Thiopentone is an ultrashortacting thiobarbiturate
which even today is the most common intravenous
inducing agent. While studying the changes in
intraocular pressure due to thiopentone, we noted
a fall in intraocular pressure.

In the present study, it was seen that the mean
pre - induction intraocular pressure was 13.84+2.75
mmHg and mean post - induction intraocular
pressure was 11.35+2.52 mmHg. After applying the
student ‘t’ test the difference between these two
values was found to be statistically highly significant
(p<0.01). The mean fall in intraocular pressure after
induction as compared to mean baseline intraocular
pressure was 2.48+1.32 mmHg. The fall in
intraocular pressure ranged from 0.8-5.1 mmHg, the
maximum fall being 5.1 mmHg.

Stone H H has studied the effects of barbiturates
and paraldehyde on aqueous humour dynamics in
rabbits [16]. In this study he found a marked fall in
intraocular pressure caused by these two drugs.
Similar findings were also seen by Kornbleuth [4].

Many general anesthetic agents have been shown
to reduce intraocular pressure. The exact
mechanism is not known but may be related to the
relaxation of the extraocular muscles and the
depression of ocular centres in diencephalon,
midbrain and hypothalamus. This was suggested
by Von Sallman et al. [17]. This was supported by
Kornbleuth et al [4], who also believed that
increased facility for outflow drainage might also
be an associated cause.

Sathe ND [18] has studied the fall in intraocular
pressure after thiopentone induction in 30 patients
between 18-60 years of age. In this study he found a
fall in intraocular pressure which varied from 2-17
mmHg immediately after the sleep dose of
thiopentone. In this case premedication was given;
the drugs used were Inj. Atropine 0.6 mg and Inj.
Pethidine 50 mg intramuscularly. In the present
study, we also found a fall in intraocular pressure
which varied between 0.8-5.1 mmHg. The increased
fall in intraocular pressure in ND Sathe’s study
could be due to additional intraocular pressure
lowering effect of pethidine.

Another study was carried out by Joshi C and
Bruce DL [19]. They measured intraocular pressure
in 18 patients and found a consistent fall in
intraocular pressure after the sleep dose of pentothal
(3 mg/kg). They found that the fall in intraocular
pressure was statistically significant thus correlating
well with the findings of the present study.

Col. Banerjee Sc et al. [20] studied the effects of
general anesthesia on intraocular pressure. In this
series they studied the effects of pentothal on
intraocular pressure on 100 patients. The intraocular
pressure reading was taken 3 minutes after the
induction of anesthesia. They found a fall in
intraocular pressure which ranged from 1-12
mmHg. The increased fall in this study might have
been due to use of premedication agents like inj.
Atropine and inj. Morphine.

Verma RS [21] studied 15 cases who were induced
thiopentone. Premedication consisted of diazepam
10 mg intramuscular given 30-45 minutes before
operation. Atropine 0.6 mg was given simultaneously
with thiopentone. He found a significant reduction
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in intraocular pressure after induction. Reductions
ranged from 4.5-13 mmHg. Again the increased fall
in his study might be due to the additive intraocular
pressure lowering effect of the premedication
agents. These findings were comparable with the
findings of the present study.

Intraocular Pressure after Ketamine (group -1I)

Ketamine was introduced by Corsen G and
Domino EF [22]. It is related to phencyclidine and
causes a dissociative type of anesthesia which is
characterized by catalepsy, light sedation, amnesia
and marked analgesia.

In the present study, it was seen that the mean
pre - induction intraocular pressure was 12.17 +2.08
mmHg and the mean post - induction intraocular
pressure was 14.84+1.94 after applying the student
‘t’ test the difference between the two values was
found to be statistically highly significant (p<0.01).
The mean rise after induction as compared to the
mean baseline intraocular pressure was 2.67+2.08
mmHg, range being 0- 5.7 mmHg.

The factors which raise intraocular pressure
under ketamine anesthesia may be systemic
hypertension, hypercarbia and the use of suxamethonium
as reviewed by Adams and Barnett [23].

Corssen G and Hoy JE [24] used this anesthetic n
46 patients in the age group 6 months to 77 years.
They observed that the intravenous administration
of 2-3 mg/kg of ketamine led to an increase of 2-7
mmHg in the intraocular pressure. There was no
correlation between these changes, patients age or
change in systemic blood pressure.

Yoshikawa K and Murai Y [25] studied 18 patients
aged between 4-7 years of age and observed an
increase of 18 % in intraocular pressure as compared
to the baseline values 5 minutes after the injection
of ketamine and this value rose to 37% after 15
minutes. Ketamine was administered intramuscularly
in a dose of 4-5 mg/kg.

Dave B etal. [26] studied 60 patients of both sexes
undergoing different surgical procedures. They
found rise in intraocular pressure ranging from 2-6
mmHg in 36 out of 60 patients. No fall in intraocular
pressure was noted in any patient.

Thus the findings of the present study were in
close correlation with the studied conducted by
Corssen G and Hoy JE [24], Yoshikawa R and Murai
Y [25] and Dave B et al. [26].

Whatever the cause of rise in intraocular pressure
after ketamine induction, Adams [27] suggestion
seems a valuable one. He says that ketamine is not

contraindicated for ophthalmic examination solely
on account of its effects on intraocular pressure
provided the difference from baseline is remembered.
He suggests that it would be wise to examine the
child under the same agent if truly comparable
readings are to be obtained. Ketamine, he says, is
unlikely to be a satisfactory agent for major
ophthalmic surgery.

Intraocular Pressure after Intubation

Succinylcholine is one of the most widely used
muscle relaxants in anesthetic practice today. In the
present study also we sued succinylcholine to
facilitate intubation after induction with either
thiopentone or ketamine and we found a definite
rise in intraocular pressure after injection of
succinylcholine for intubation.

In the present study, in group -I the mean post -
intubation intraocular pressure was 16.50+2.10
mmHg and the mean pre - induction intraocular
pressure was 13.84+2.75 mmHg, after applying the
student ‘t’ test it was found that this rise from
baseline intraocular pressure was statistically
highly significant (p<0.01). The mean rise in
intraocular pressure after intubation as compared
to the baseline value was 2.68+1.60 mmHg range
being 0-7.1 mmHg,.

In group - II, the mean pre - induction
intraocular pressure was 12.17+2.08 mmHg and the
mean post - intubation intraocular pressure was
17.18+1.02 mmHg, After applying the student ‘t’
test it was found that the difference in these two
values is statistically highly significant (p<0.01).
The mean rise in intraocular pressure after
intubation as compared to the baseline was
5.16+1.21 mmHg, range being 1.4-7.1 mmHg.

De Roeth A and Schwartz H [28] suggested
that the transient rise in intraocular pressure may
be caused by a peak depolarizing effect of
succinylcholine.

Dillon JB et al. [29] have shown contracture of
extraocular muscles in invitro study following
succinylcholine injection. This, along with rise in
internal jugular venous pressure and apnea due to
succinylcholine, raised intraocular pressure.

Wynands JE and Crowell DE [30] showed even
bigger and prolonged rise in intraocular pressure
following succinylcholine and postulated that
succinylcholine caused a rise in cerebrospinal fluid
pressure due to increased cerebral blood flow and
vascular dilatation. They have shown that intubation
causes a further rise in intraocular pressure which
is due to stimulation of sympathetic system causing
tachycardia and hypertension.
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Crythorne NWB et al. [31] used tonometry to
measure intraocular pressure and found that
following succinylcholine there was an average
increase of 7.5 mmHg.

Taylor TH et al. [32] studied selected 50 adult
patients presenting for ophthalmic surgery and
anesthetised them by a simple technique in which
succinylcholine was used to facilitate endotacheal
intubation. They found that when intraocular
pressure was measured within 1 minute of injection
of succinylcholine, a rise in intraocular pressure was
found in 20 of 29 patients. Maximum rise was 12
mmHg. The rise was transient and came down
within 6 minutes before beginning the surgery.

Pandey K et al. [33] studied the intraocular
hypertension action of succinylcholine. They found
that the rise in intraocular pressure manifests in 1
minute. Endotracheal intubation following
succinylcholine exaggerated the intraocular
hypertension. Mean intraocular pressure before
intubation was 17.96 mmHg which rose to a mean
intraocular pressure of 21.17 mmHg after intubation.

Upadhyaya MR et al. [34] evaluated the efficacy
of topical timolol to prevent the intraocular pressure
response of succinylcholine and endotracheal
intubation. In control group, in which timolol was
not used, the intraocular pressure increased
significantly and continued to remain above basal
level even after 5 minutes (from basal value of 14.96
mmHg to 20.13 mmHg).

The results found in the present study were in
close correlation to those conducted by Wynands
JE and Crowell DE [30], Taylor TH et al. [32], Pandey
K et al. [33] and Upadhyaya MR et al. [34]

Intraocular Pressure after Extubation

In the present study, it was seen that in group -I
the intraocular pressure after extubation was
12.56+2.06 mmHg and in group -1l it was 12.14+1.72
mmHg. As all the cases in this study were extubated
under deep levels of anesthesia so as to avoid any
strenuous efforts like coughing, the mean
intraocular pressure after extubation did not show
any rise.

Comparison of Mean Intraocular Pressure Values
between Groups

In the present study, it was seen that there was a
fall in intraocular pressure in group -I after
induction with thiopentone i.e. from a mean pre -
induction intraocular pressure of 13.84+2.75 mmHg
to 11.35+2.52 mmHg.

However there was a rise in intraocular pressure
in group-II after induction with ketamine i.e. from
a mean pre - induction intraocular pressure of
12.17+2.08 mmHg to 14.84+1.94 mmHg.

After applying the student ‘t’ test it was found
that the difference in intraocular pressure after
induction in group A-1 was statistically highly
significant as compared to the intraocular pressure
after induction in group A-II (p<0.01).

The rise in intraocular pressure after intubation
in both the groups was almost same and the
difference in these values was not statistically
significant (p>0.05). This similar rise in intraocular
pressure after intubation in both the groups may be
because of succinylcholine which was used in both
the groups to facilitate intubation.

The intraocular pressure after extubation was
similar in both groups and was found to be
statistically insignificant (p>0.05). This was because
in both the groups the patients were extubated
under deep levels of anesthesia so as to avoid any
strenuous effort.

Murphy DF [35] reviewed that with the exception
of ketamine all the agents commonly used for
induction of anesthesia, especially thiopentone and
pentobarbital, decrease intraocular pressure.

Shaffer - Becker [36] reviewed that intraocular
pressure reduced in proportion to the depth of
anesthesia after induction with thiopental. They also
reviewed that ketamine anesthesia increased
intraocular pressure.

Thus, based on the observations cited in the
present study, it can be said that thiopentone sodium
significantly reduced intraocular pressure after
induction whereas ketamine caused a significant rise
in intraocular pressure after induction.

Conclusion

* Thiopentone sodium can be safely used as an
inducing agent in any intraocular surgery done
under general anesthesia.

» Ketamine, as far as possible, should be restricted
to extraocular ophthalmic surgeries.
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