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ABSTRACT

Background: Intraoperative hyperglycemia caused by neuroendocrine response due to surgical
stress can be detrimental in neurosurgery patients. Type of inhalational agent used can affect this
response.This study aimed to evaluate intraoperative glucose levels in paediatric patients
undergoing elective ventriculoperitoneal shunt under sevoflurane or desflurane as maintenanace
anesthesia agent. Methods: We enrolled 40 pediatric patients of 1 months to 2 years of ASAl and
Il status and were randomised into 2 groups of 20 each who received either desflurane or
sevoflurane as maintenace anesthesia agent. Baseline and hourly plasma glucose levels were
recorded intraoperatively. Results: In sevoflurane group, the mean blood sugar (mg/dL) increased
from 93.34 (9.33) at the baseline to a maximum of 98.92 (9.01) at the 90 minutes. This was
statistically significant (P < 0.001). In the desflurane group, the mean blood glucose (mg/dL)
increased from 89.34 (9.85) at the baseline to a maximum of 92.37 (9.92) at the 60 minutes and
then decreased to 91.04 (10.62) at the 90 minutes. This change was not statistically significant (P
=0.144). No complications were reported intraoperatively. Conclusion: Both inhalational agents
showed rise in blood glucose levels however rise was more consistent with sevoflurane. Although
these changes were statistically significant but were within normal clinical range.
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INTRODUCTION

Surgical procedures are associated with neurohumoral, metabolic and immunological responses
which are modified according to severity of injury>2duration of surgery3, intraoperative blood
loss*>, perioperative pain®’and type of anaesthesia and choice of drugs®’- Adequate prevention
of this stress response will prevent hyperglycemia which may be detrimental in patients of
neurosurgery. In thses patient it may elicit neuronal injury through anerobic glucose metabolism.
Further, higher blood glucose levels perioperatively increases incidence of surgical site infection,
blood stream infection, nosocomial infections, increase need for ventilatory support and renal
failure®.Hence adequate control of stress response and subsequent hyperglycemic response is
mandatory in neurosurgical patients. Hence it is mandatory to find anesthetic technique which
can modulate this neurohumoral and endocrine response. While many anesthetic technique
including use of various inhaltional agents have been studied in adults, role of sevoflurane and
desflurane in preventing such response have not been studied.

Hence we aimed to study the effect of desflurane and sevoflurane anesthesia on blood glucose
level of pediatric patients undergoing ventriculoperitoneal shunt surgery.

METHODS

It was a prospective,randomised double blind study enrolling104 adult female patients, in the age
group of 1 months to 2 vyears of ASA physical status grade | and Il undergoing
electiveventriculoperitoneal shunt surgery. Study was conducted in tertiary care institute after
obtaining institutional ethics committee approval during period of September 2022 to December
2024. This study was conducted in accordance with Good Clinical Practice and in a manner to
conform to the Helsinki Declaration of 1975, as revised in 2013 concerning human rights. Well-
being and safety of patients were maintained during study.

Patients were randomly allocated in two groups of 20 patients each. A predetermined, computer
generated random allocation plan were utilised wherein 10 blocks of size 4 each will be used for
equal assignment of subjects in to two comparison groups. Parents refusing to give consent,
patients undergoing emergencyventriculoperitoneal shunt surgery, having diabetes, disorders of
glucose metabolism, thyroid dysfunction, renal or hepatic disease, on treatment with steroids,
beta blockers, insulin, having bleeding diathesis were excluded. Patients were evaluated
preoperatively including detailed airway examination and investigated according to institutional
protocol.Study protocol was explained to parents and written informed consent was obtained.
On day of surgery, NPO status and consent was checked. An iv line was secured and NS was
started. Patients were attached with standard monitors including ECG, SPO;, NIBP, ETCO,,
temperature probe and baseline parameters were recorded. Baseline blood glucose was
determined with pin prick method by using capillary blood under aseptic precautions from the
fingertip of the arm free of intravenous access using the Gluco Spark Glucometer. All patients
were premedicated with injection glycopyrrolate (4 mcg/kg) and fentanyl (1-2 mcg/kg) IV. After 3
minutes of preoxygenation, patient was induced with injection propofol (2-3)mg/kg + injection
Atracurium (0.5mg/kg) and airway was secured with a flexometallic tracheal tube of appropriate
size. According to randomization, anaesthesia was maintained using either sevoflurane or
desflurane and 100% oxygen and to achieve a minimum alveolar concentration of 0.5 to 1. End-
tidal carbon dioxide was maintained between 30 mmHg and 35 mmHg. Temperature was
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maintained between 36°C and 37.2°C Non-glucose-containing fluid (normal saline (0.9%)] was
used in the intraoperative period.

Vital parameters [mean arterial blood pressure and heart rate] were continuously recorded and
maintained around the baseline value.The glucose level was measured every 15 minutes using
capillary blood after initiation of inhalational agent until stoppage of inhalational agent.
Hypoglycaemia was defined as an intraoperative blood sugar level of less than 70 mg/dL and was
treated with intravenous glucose. Hyperglycaemia was defined as a blood glucose level of more
than 200 mg/dL and was treated with an appropriate dose of regular insulin infusion to maintain
blood glucose levels within the range of 140-180 mg/dlI.

At the end of the procedure, neuromuscular blockade was reversed with
glycopyrrolate(8mcg/kg)+ neostigmine(0.05mg/kg) and the trachea was extubated once patient
was fully awake.

The data was entered using Microsoft excel sheet and was analysed using Statistical Package for
Social Sciences (SPSS) version 22.0 software (IBM Corp. Released 2011. IBM SPSS Statistics for
Windows, Version 20.0. Armonk, NY: IBM Corp.). Categorical data was presented in form of
frequency and proportion. As test of significance for qualitative data inform of frequency and
proportion. Chi-square test was used as test of significance for qualitative data.Hourly change in
blood glucose was compared by ANOVA (repeated measures). Continuous data was analysed
using mean and standard deviation and Mann-Whitney U test A probability of P < 0.05 was
considered statistically significant.

RESULTS

We included 40 patients in the study and baseline characteristics of two groups were comparable
in two groups as shown in table 1. The baseline hemodynamics of two groups such as heart rate,
systolic blood pressure, diastolic blood pressure, mean arterial pressure, saturation, respiratory
rate were recorded and compared. It found that there was no significant difference in
preoperative vitals in both groups with p >0.05. Further intraoperative vitals of two groups were
also comparable.

Table 1: Comparison of Demographic parameters in Two Groups

Parameter Group | (MeantSD) | Group li(MeanSD) P value
SE(n=20) DE(n=20)

Age (months) 18.46 £ 6.60 20.07 £7.12 0.359

GenderMale(%):female(%) | 11(55%):9(45%) 8(40%):12(60%) 0.342

Duration of surgery(hours) | 1.03+0.13 0.97+0.18 0.934

Duration of | 1.25 +0.18 1.20+0.15 0.929

anesthesia(hours)

P value<0.05 is significant.
SD=Standard Deviation, SE=Sevoflurane, DE=Desflurane n=no of patients

Baseline blood glucose values were comparable in both groups(Table 2). In the sevoflurane group
I, the mean blood sugar (mg/dL) increased from 93.34 (9.33) at the baseline to a maximum of
98.92 (9.01) at the 90 minutes time point. This change was statistically significant (P < 0.001). In
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the desflurane group Il, the mean blood glucose (mg/dL) increased from 89.34 (9.85) at the
baseline to a maximum of 92.37 (9.92) at the 60 minutes time point and then decreased to 91.04
(10.62) at the 90 minutes time point. This change was not statistically significant (P = 0.144)

Table 2:Comparison of the two groups for blood glucose (mg/dL).

Time period Group | (MeanSD) Grouplli(MeanzSD) P value
SE(n=20) DE(n=20)
Baseline 93.3449.33 89.3449.85 0.121
Postinduction 98.31+9.83 89.37+£10.0 0.001
15minutes 98.60+9.43 90.34+9.57 0.001
30 minutes 97.82+8.78 91.29+9.67 0.006
45 minutes 97.24+8.40 92.11+9.47 0.035
60 minutes 98.0619.26 92.3719.92 0.026
75 minutes 98.1919.01 92.00+9.97 0.024
90 minutes 98.90+8.95 91.04+10.62 0.010

SD=Standard Deviation, SE=Sevoflurane, DE=Desflurane n=no of patients.P value<0.05 is

significant.

Table 3: Incidence of hypoglycemia/hyperglycemia in two groups

Complication Group | (MeantSD) Groupll(MeanzSD) P value
SE(n=20) DE(n=20)

Hypoglycemia 0 0 1.00

Hyperglycemia |0 0 1.00

SD=Standard Deviation, SE=Sevoflurane, DE=Desflurane n=no of patients.P value<0.05 is
significant

The alterations in blood glucose levels within any of the groups did not have clinical significance,
and there were no instances of hypoglycaemia or hyperglycaemia observed in eithergroup(Table
3).

DISCUSSION

Surgical stress is likely to cause neurohumoral and metabolic alterations in body resulting in
release of stress hormones. This is likely to cause glucose metabolism impairment which is
modified further depending on the anaesthesia regimen used. This rise in glucose level can be
detrimental as it induces inflammation and disturbances in microcirculation resulting in various
hazardous effects systemically and on brain. In patients undergoing neurosurgery, this alteration
in blood sugar level may result in neuronal damage due to lactic acidosis during surgery which is
usually associated with ischemia®.Apart from neuronal damage, hyperglycaemia can cause
various systemic detrimental effects osmotic diuresis, hypotension, hypovolemia,
immunosuppression and increased surgical site infections.

When balanced general anaesthesia is given, this surgical stress response caused can be
prevented by achieving adequate depth. This can be achieved using various inhalational agents
including desflurane and sevoflurane. Volatile anaesthesia agents helps to prevent surgical stress
response by maintaining balanced anaesthesia and reduces stress hormones including cortisol,
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ACTH, catecholamines and growth hormones. This helps to reduce alteration in glucose
metabolism and prevents insulin resistance caused by stress hormones®t,

However, few inhalational agents including sevoflurane and isoflurane also reduces insulin
secretion and impairs glucose tolerance as shown in few studies!?!3, Variable effects have been
found on glucose metabolism during inhalational anaesthesia. Various animal studies including
canine studies by Stella P et al. found insulin resistance caused by sevoflurane and isoflurane!®.
Similar effects on glucose metabolism was demonstrated by study conducted by Tanaka et al.
where they found impaired glucose tolerance in with both sevoflurane as well as
isoflurane®3.Study conducted by Marana E et al. however found desflurane to be superior
compared to sevoflurane when stress response was measured using cortisol and ACTH levels*>.
Limited studies are available comparing hyperglycaemic response in paediatric patient
undergoing elective neurosurgery using desflurane and sevoflurane anaesthesia.

We evaluated hyperglycaemic response caused by surgical stress in paediatric patients
undergoing elective ventriculoperitoneal shunt under sevoflurane and desflurane anaesthesia.
In present study, sevoflurane group showed increasedmean blood sugar from 93.34 (9.33) at the
baseline to a maximum of 98.92 (9.01) at the 90 minutes time point. This change was statistically
significant (P < 0.001). In the desflurane group, the mean blood glucose (mg/dL) increased from
89.34 (9.85) at the baseline to a maximum of 92.37 (9.92) at the 60 minutes time point and then
decreased to 91.04 (10.62) at the 90 minutes time point. This change was not statistically
significant (P = 0.144). However, these changes sugar were not reflected clinically and none of
them required treatment for hypo or hyperglycaemia.

In a study conducted by Kaushal et al., gradual rise in blood sugar level was noted in sevoflurane
group from baseline at all times while desflurane demonstrated initial rise followed by decline.
However these changes although were statistically significant but were within normal range?®.
Halder et al. compared sevoflurane, desflurane and propofol in patients of neurosurgery. They
found inhalational agents causing more rise in blood sugar levels compared to propofol group.
Further this rise was more in desflurane group than in sevoflurane group. Rise in blood sugar
levels were within normal range without requiring any treatment?’. This could be attributable to
inherent property of desflurane stimulating sympathetic nervous system and leading to release
of catecholamines which in turn increases glucose output from liver, decreases insulin secretion
from pancreas and causes insulin resistance.

Our study has certain limitations. Our sample size was small and large multicentric studies need
to be conducted to know effects of these inhalational agents.Most surgeries lasted for an hour to
one and half hour, hence only few reading were obtained intraoperatively. Blood sugar levels were
not measured in recovery period which might have been influenced by longer duration of
treatment. Plasma catecholamines and hormonal levels were not measured and hyperglycaemia
was considered as surrogate marker of stress response of surgery. Further, study was conducted
in normoglycemic patients and not in patients with altered glucose metabolism or diabetes and
hence this data cannot be extrapolated on those patients. These patients need to be studied
separately. We also used opioids for intraoperative pain control which also interferes with surgical
stress response. These patients were not followed up in postoperative period as well as on long
term and hence assessment of delayed outcome with anaesthesia regimen could not be assessed.
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CONCLUSION

Our study demonstrated rise in blood glucose levels of normoglycemic paediatric patients
undergoing elective ventriculoperitoneal shunt. Both inhalational agent showed rise in blood
glucose levels although rise was more consistent with sevoflurane group. Although these changes
were found to be statistically significant but were within normal clinical range. Large multicentric
studies need to be conducted to know effects of these inhalational agents in patients with
dysregulated glucose metabolism to know its clinical significance.
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