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ABSTRACT

Background and Aim: The glucocorticoid dexamethasone in a bolus dose of 8-10 mg followed by quarterly dose of 4 mg is
commonly used during intracranial surgery so as to reduce oedema and vascular permeability. However, the detrimental
hyperglycaemic effects of dexamethasone may override its potentially beneficial effects. The present prospective, randomised
study aimed at comparing the degree and magnitude of hyperglycaemia induced by prophylactic administration of
dexamethasone in patients undergoing elective craniotomy.

Materials and Methods: Sixty American Society of Anaesthesiologist (ASA) grade-I and II patients were randomly assigned
to three groups of 20 patients each. Group-I received dexamethasone during surgery for the first time. Group-II received
dexamethasone in addition to receiving it pre-operatively, whereas Group-II1 (control group) patients were administered
normal saline as placebo. Baseline blood glucose (BG) was measured in all the three groups before induction of anaesthesia
and thereafter after every hour for 4 h and then two-hourly. Besides intra- and intergroup comparison of BG, peak BG
concentration was also recorded for each patient. Statistical analysis was carried out with analysis of variance (ANOVA)
and Student’s t-test and value of P < 0.05 was considered statistically significant.

Results: Baseline BG reading were higher and statistically significant in Group-II as compared with Group-I and Group-III
(P < 0.05). However, peak BG levels were significantly higher in Group-I than in Group-IT and IIT (P < 0.05). Similarly,
the magnitude of change in peak BG was significantly higher in Group-I as compared to Group-II and III (P < 0.05).

Conclusion: Peri-operative administration of dexamethasone during neurosurgical procedures can cause significant increase
in BG concentration especially in patients who receive dexamethasone intra-operatively only.
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advancements in neurosurgical techniques and advent of
newer anaesthetic drugs and equipment. Corticosteroids have
been in use in neurosurgical practice for the past so many
decades. Dexamethasone, a glucocorticoid, has been used
extensively in the management of neurosurgical tumours. One
of the most debatable issues concerning use of corticosteroids
in this subset of population involves the benefit-to-risk
ratio. The successful use of high-dose corticosteroids in
neurological tumours was first described in October 1959,
to a patient with a large recurrent glioblastoma. This
therapeutic intervention resulted in complete resolution of the
neurological deficit, which later propelled the introduction of
dexamethasone as a treatment modality for tumour-related
cerebral enema./!! Dexamethasone has since become the

Introduction

Once thought to be totally incurable, neurosurgical tumours
have been dealt with good success nowadays as a result of
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standard pharmacological agent for treatment of cerebral
enema associated with intracranial tumours.® The usual
therapeutic regimen involves a bolus dose administration of
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8-10 mg intravenously (IV) followed by 4 mg every six-hourly.
This dosage often produces a significant improvement in
intracranial dynamics, improving neurological function and
reducing symptoms such as confusion and headache.?*

Dexamethasone reduces tumour-associated oedema and
vascular permeability. It has also been shown to reduce cerebral
blood flow and blood volume and increase the fractional
extraction of oxygen throughout the brain.” This leads to a
reduction in intracranial pressure, ameliorating accompanying
symptoms and prolonging useful neurologic function and
life span in tumour patients.® Neurological improvement
associated with dexamethasone can be dramatic, but the
recent literature has highlighted its potential for negative
physiological sequelae, which may have clinical relevance
to its use in patients with brain tumours.”® However, when
dexamethasone is administered to neurosurgical patients
for treatment of tumour-associated cerebral oedema, it
may exacerbate brain injury in part as a result of increase
in blood glucose (BG) concentrations. Dexamethasone has
been shown to produce a significant rise in BG concentration
in neurosurgical patients following even a single dose of
10 mg with no previous history of diabetes mellitus.*3!
Hyperglycaemia in peri-operative patients has been identified
as arisk factor for morbidity and mortality and in recent years
there has been much research and debate on the association
between glycaemic control and outcome after major surgery."
It has been shown to worsen neurological injury during both
focal and global cerebral ischemia in both animal studies
and in patients following stroke or cardiac arrest.!*'? The
present study was conducted to study the hyperglycaemic
response to intra-operative dexamethasone administration
in patients undergoing elective craniotomy and to compare it
with those patients who may or may not be on preoperative
dexamethasone, as well as to identify those patients who were
at risk of hyperglycaemia during craniotomy and required
treatment.

Materials and Methods

After taking the Institute’s Ethics Committee approval, 60
non-diabetic patients belonging to American Society of
Anaesthesiologist (ASA) physical status I or II, of either sex, in
the age range of 18-64 years scheduled for elective craniotomy
were selected for this study. Patients with history of diabetes
mellitus, pituitary or adrenal disease and patients on any
medication affecting BG concentrations with the exception
of dexamethasone were excluded from the study. Patients
were randomly allocated to three groups of 20 patients each:
Group-I: Patients not on dexamethasone before surgery but
receiving it during surgery and continued after surgery;
Group-II: Patients already receiving dexamethasone before
surgery and continuing it during and after surgery; and
Group-III: patients not receiving any dexamethasone but
receiving saline as placebo.

No patient was given any premedication. All patients received
a standardised general aesthetic technique and induction of
anaesthesia was done with propofol 2 mg per kg body weight
and morphine sulphate 100 ug per kg body weight. Muscle
relaxation and tracheal intubation were facilitated with
intubating dose of vecuronium bromide. Anaesthesia was
maintained with 66% nitrous oxide in oxygen supplemented
with halothane 0.5%-1% as an inhalational agent. Arterial
and central venous catheterisation was done for continuous
measurement of arterial and central venous pressures.

All patients taking dexamethasone preoperatively received
dexamethasone 8 mg intravenously (IV) at induction of
anaesthesia and continued it postoperatively as per protocol.
All other patients received either dexamethasone or placebo
intra-operatively at the same time. The decision to administer
dexamethasone to patients not receiving it before surgery
was taken on the basis of computerised tomographic (CT)
documentation of brain enema or if significant enema was
anticipated postoperatively.

BG analysis was performed with an Accucheck BG meter, which
was calibrated daily. Finger prick capillary blood was used for
estimation of BG. Baseline BG concentration was obtained just
before induction of anaesthesia. Thereafter BG concentration
was measured for 12 h, initially hourly for 4 h followed by
two-hourly estimations.

Intra- and intergroup comparisons of BG concentration were
made at each time interval and peak BG concentration was
recorded for each patient to study the difference in baseline
(pre-induction) BG concentration, differences in peak BG
concentration, time course of BG concentration changes,
correlation between the duration of surgery and peak
BG concentration. The data thus obtained were analysed
statistically using analysis of variance (ANOVA) and Student’s
t-test. A value of P < 0.05 was considered statistically
significant.

Results

Atotal of 60 patients who underwent neurosurgical procedures
were enrolled for the study and were randomly divided into
three groups [Table 1]. The demographic profiles of the patients
in all groups were comparable with regard to age, weight,
height, body mass index and gender distribution. Distribution
as per ASA status was similar in both groups and mean
duration of surgery and anaesthesia was comparable in both
groups and statistically non-significant (P > 0.05).

Various indications for neurosurgical procedures are
enumerated in Table 2. A total of 60 patients had undergone
elective craniotomy. Twenty patients each from Group-I
and II had undergone surgery for intracranial mass
lesions, whereas Group-III patients underwent surgery for
intracranial aneurysm. Group-III patients were administered
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Table 1: Demographic profile of all the groups

Parameters Group | Group I Group Il P value Remarks
Age (year) 52.0+8.5 51.6+7.7 50.3+9.5 0.801 NS
Weight (kg) 61.6+6.6 60.2+5.6 59.4%4.7 0.466 NS
Height (cm) 162.8+5.6 160.5+5.4 159.7+6.2 0.229 NS
Body mass index (kg/m?) 23.3%2.0 23.4%1.7 23.3%1.4 0.981 NS
Gender
Males 13 (65%) 8 (40%) 10 (50%) 0.287 NS
Females 7 (35%) 12 (60%) 10 (50%)
Duration of surgery (min) 316.3+69.6 311.5+66.7 315.3+38.7 0.966 NS
Duration of anaesthesia (min) 349.3%72.9 341.8+64.9 344.0%41.0 0.924 NS

NS — Not significant

normal saline as placebo before induction of anaesthesia
[Table 2].

Baseline BG level in Group-I as well as in Group-III was
significantly lower than in Group-II (P < 0.05) and the overall
difference (ANOVA) was also significant (P < 0.05) [Table 3,
Figure 1]. BG level after 1 h was significantly higher in
Group-II than in Group-III (P < 0.05). But there was no significant
difference between Group-I and Group-II, Group-I and Group-III,
and the overall difference was also not significant (P > 0.05).
After 2 h interval, BG concentration was significantly higher in
Group-I than in Group-III (P < 0.05). But there was no significant
difference between Group-I and Group-II and Group-II and
Group-III, and the overall difference was also not significant
(P > 0.05). At 3 h interval, BG concentration was significantly
higher in Group-I than in Group-III and Group-II than Group-III,
and the overall difference was also significant (P < 0.05). BG
level after 4 h was significantly higher in Group-I than Group-III
and Group-II than Group-III, and the overall difference was also
significant (P < 0.05). BG level after 6 h was significantly higher
in Group-I than Group-II, Group-I than Group-IIl and Group-II
than Group-III, and the overall difference was also significant
(P < 0.05). After an 8-h interval, BG level was significantly higher
in Group-I than Group-II, Group-I than Group-IlI and Group-II
than Group-III, and the overall difference was also significant
(P < 0.05). BG level after 10 h was significantly higher in Group-I
than Group-II, Group-I than Group-III and Group-II than Group-II,
and the overall difference was also significant (P < 0.05). At 12-h
interval, BG concentration was significantly higher in Group-I
than Group-II, Group-I than Group-III and Group-II than Group-III,
and the overall difference was also significant (P < 0.05).

Change from baseline to peak BG concentration was
significantly higher in Group-I than Group-II and III, and was
statistically significant (P < 0.05). [Table 4] This change was
also higher in Group-II than Group-III and on statistical analysis
the value was significant (P < 0.05).

Discussion
Corticosteroids are presently used in routine practice in

patients undergoing neurosurgical tumours as treatment for
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Table 2: Various indications for craniotomy in the
three groups

Diagnosis Group | Group Il Group Il
No. % No. % No. %

Intracranial mass lesions 20 100.0 20  100.0 o 0.0

Intracranial aneurysm o 0.0 o 0.0 20  100.0

tumour-related cerebral oedema.? Use of dexamethasone in
large doses leads to significant increase in BG concentration
following even a single dose of 10 mg dexamethasone and
it may exacerbate brain injury as a result of hyperglycaemia
even in patients without a history of diabetes mellitus.*#*!

It was observed in our study that baseline BG concentration
was higher in Group-II (101.3 * 6.6 mg/dl) as compared
with Group-III (90.9 + 8.4 mg/dl) and Group-I (92 + 8.2). We
also observed that a single dose of dexamethasone (8 mg IV)
given intra-operatively only (Group-I) produced a significant
increase in BG concentrations. During subsequent time
intervals, although a statistically significant increase in BG
concentration was observed in all three groups, however, the
magnitude of change was larger in Group-I, with a statistically
significant larger peak BG concentration (167.7 * 19.5) and
a greater change from baseline to peak BG concentration
(75.3 £ 17.8) than the other two groups. Patients in this group
also reached the peak BG level at an average of 6-8 h after
commencement of surgery. BG concentration also increased
over time in those who received placebo, but the magnitude
of change was less than that observed in those receiving
dexamethasone.

Our results correlate with the study of Jeffrey et al.™® who
observed that a single dose of dexamethasone (10 mg IV)
produced significant changes in the BG concentration. In
addition, the glucose concentration was still increasing at the
end of 240-min study period. They also reported increase in
BG concentrations over time in those who received placebo
with lesser change in the magnitude than observed in those
receiving dexamethasone. Our observations are also consistent
with Michael and Pirjo™™ who observed that patients who

100
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Table 3: Comparison of BG concentration (mg/dl) between the three groups at different time intervals

(mean=SD)

Time interval Group | Group I Group i P value (overall) Remarks
Baseline (pre-induction) 92.4%8.2 101.3+6.6 90.9+8.4 0.000 (Sig)
1h 117.3%17.1 119.0+11.9 109.1%+9.9 0.052 (NS)
2h 128.4%21.2 125.9+9.7 117.5+8.7 0.05 (NS)
3h 141.1%24.7 133.7¢8.9 120.7%7.7 0.001 (Sig)
4h 147.1%25.9 138.4+11.4 123.4%7.7 0.000 (Sig)
6h 154.1+27.0 141.7+11.9 122.9%9.9 0.000 (Sig)
8h 157.9+24.3 146.3+13.4 122.9+11.8 0.000 (Sig)
10h 153.0+21.2 136.0+15.4 120.7+12.6 0.000 (Sig)
12h 145.2+17.1 131.4+13.2 116.9+8.1 0.000 (Sig)

SD —Standard deviation; BG - Blood glucose; Sig - significant

Table 4: Baseline and peak BG concentration (mg/dl) in the three groups (mean=SD)

Variable Group | Group Il Group Il Pvalue (overall)  Remarks
Baseline blood glucose concentration (mg/dl) 92.4%8.2 101.3+6.6 90.98.4 0.000 (Sig)
Peak blood glucose concentration (mg/dl) 167.7+19.5 151.2+12.2 128.3+11.2 0.000 (Sig)
Change from baseline to peak blood glucose

concentration (mg/dl) 75.3+17.8 49.9%+12.7 37.4%3.0 0.000 (Sig)

SD —Standard deviation; BG - Blood glucose; Sig - significant

180 s asn || aon ||
160 154.1 157.9
145.2
2 140
% 138.4 1417
£ 119, f 133.7 131.4
= Sl S — ——
§ 120 S s 1207 194 1220 T
7] of . . 116.9
o
S 100 109.1
m
90.9
80
60
baseline  1hr 2hrs 3hrs 4hrs 6hrs 8hrs  10hrs  12hrs
blood
sugar
Time interval (hours)

Figure 1: Comparison of BG concentration (mg/dl) between the three
groups at different intervals of time

were not taking dexamethasone before surgery but received
it intra-operatively and postoperatively had the largest
peak BG concentrations from baseline (pre-induction) values
when compared with the other two groups. It is interesting
that in our study Group-I had larger BG concentrations than
Group-II, even though both groups received the same dose of
dexamethasone during the study. This was also observed by
Michael and Pirjo™ who attributed it to the development of
some tolerance to hyperglycaemic effect of dexamethasone
with its chronic use. Another possibility is that the adrenal
response to stress is suppressed in patients already taking
dexamethasone thereby obtunding the response of surgical
stress to endogenous steroids.

Previously it was recommended that BG concentrations
greater than 200 mg/dl should be avoided; however,

increasing evidence is now supporting lower goal glucose
concentrations. Wass and Lanier!™ in their comprehensive
review also recommended that in patients without a history
of glucose intolerance, target glucose concentrations under
150 mg/dl seem a reasonable goal. In the advent of data
supporting strict glycaemic control, one should attempt to
identify factors that lead to hyperglycaemia, especially when
caring for patients at increased risk of cerebral ischemia. It is
clear from our investigation that a single 8-mg intravenous
dose of dexamethasone, administered intra-operatively,
increases the likelihood significant increase in the BG
concentration, possibly requiring treatment.

In conclusion, peri-operative administration of dexamethasone
to neurosurgical patients causes significant increase in BG
concentration. The hyperglycaemic response is found to be
more in patients who receive dexamethasone intra-operatively
only. In view of the above findings, it is recommended
that all neurosurgical patients should have regular blood
sugar monitoring when taking dexamethasone and receive
treatment if necessary.
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