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Abstract

Background: Surgical and anesthetic stress lead to a transient perioperative hyperglycemia thru sympathetic
activation, increased counter-regulatory hormone release, hepatic glucose production and insulin resistance.
Dexmedetomidine is a selective a2-adrenergic agonist which decreases sympathetic activity and may alter the
metabolic stress response. However, its effect on perioperative glucose homeostasis is poorly delineated.
Objective: To assess the impact of perioperative intravenous dexmedetomidine infusion on blood glucose levels
in non-diabetic patients undergoing laparoscopic cholecystectomy under general anesthesia.

Materials and Methods: This randomized double-blind placebo-controlled study was conducted on 60 patients
aged 18-60 years belonging to American Society of Anesthesiologists physical status I-II and body mass index
20-30kg/m 2 scheduled to undergo elective laparoscopic cholecystectomy. Patients were randomized 1:1 to
either dexmedetomidine (Group D, n=30) or normal saline (Group S, n=30). Group D received
dexmedetomidine 0.6 pg/kg/h 10 min before induction and 0.5 pg/kg/h after induction. Capillary blood glucose
was measured at baseline (T0), 1 hour intraoperatively (T1), 2 hours after extubation (T2) and at 4 and 6 hours
postoperatively (T4 and T6). Inter-group comparisons were performed with unpaired t test and P<0.05 was
considered statistically significant;

Results: Baseline glucose was similar between the two groups (88.20+6.85 vs 87.23+6.70 mg/dL; P=0.583).
Glucose increased progressively in both groups but values were significantly lower with dexmedetomidine at T1
(105.80+5.64 vs 110.80+18.99 mg/dL; P=0.044), T2 (117.50+£10.95 vs 128.80+17.97 mg/dL; P=0.012), T4
(121.17£15.13 vs 129.83+11.76 mg/dL; P=0.035) and T6 (130.83+11.11 vs 140.57+12.29 mg/dL; P=0.009).
Conclusions: In non-diabetic patients undergoing laparoscopic cholecystectomy, perioperative infusion of
dexmedetomidine was associated with a lower perioperative blood glucose increase than saline. These results
suggest a potential role of dexmedetomidine in blunting the metabolic response to surgical stress, but larger
studies including diabetic patients and longer follow up are needed.
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Introduction

Laparoscopic cholecystectomy is widely used for
the surgical treatment of symptomatic gallbladder
disease and has the advantages of minimal invasive
surgery including less postoperative pain and
shorter recovery.

However, both surgical trauma and general
anesthesia induce neuroendocrine and
inflammatory stress responses that could influence
glucose homeostasis. Perioperative hyperglycemia
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is not confined to patients with diabetes. Surgical
stress causes increased sympathetic activity and
secretion of catecholamines, cortisol, glucagon and
other counter-regulatory mediators. This causes
increased hepatic glycogenolysis and
gluconeogenesis and impaired insulin-mediated
glucose utilization.

This response is associated with release of
inflammatory cytokines and transient insulin
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resistance. Poor outcomes from surgery have been
associated  with  disturbances in  glucose
homeostasis during the perioperative period,
especially if the hyperglycemia is severe or
persistent. [1-4] Laparoscopic surgery is associated
with less tissue trauma than open surgery, but still
produces measurable systemic stress responses. A
randomized trial comparing laparoscopic and open
cholecystectomy demonstrated that the minimally
invasive approach does not abolish the systemic
stress response of surgery. [5] Strategies that
dampen sympathetic and neuroendocrine activation
may have metabolic and hemodynamic effects.

Dexmedetomidine is an a 2 adrenergic agonist with
sedative, analgesic and sympatholytic properties. It
is a highly selective It may attenuate the endocrine
response to surgical stress by decreasing
sympathetic outflow and norepinephrine release.
The effect of perioperative dexmedetomidine on
endocrine mediators of the stress response has been
demonstrated by a meta-analysis. [6] Furthermore,
dexmedetomidine has been demonstrated to reduce
peri-operative glucose concentrations in specific
surgical populations in clinical studies. [7-9]

However, the effect of dexmedetomidine on
glucose metabolism is not always consistent. Some
studies have shown lower rates of hyperglycemia
with lower doses, but a higher risk with higher
doses. Differences have been seen dose dependent.
[10] Experimental evidence indicates that o2A-
adrenergic receptor activity may also be involved
in insulin secretion and glucose homeostasis.
[11,12] Therefore, the net metabolic impact of
dexmedetomidine may be dose-, timing-, patient-,
and surgery-specific.

The present study therefore assessed the effect of
perioperative intravenous dexmedetomidine
infusion on  perioperative  blood  glucose
concentrations in non-diabetic patients undergoing
laparoscopic  cholecystectomy under general
anesthesia.

Objective: To determine the effect of intravenous
dexmedetomidine infusion on perioperative blood
glucose levels in patients undergoing laparoscopic
cholecystectomy under general anesthesia.

Materials and Methods

Study Design and Location: This was a
randomized, double-blind, placebo-controlled study
carried out in the Department of Anesthesiology,
Pain and Critical Care, ESIC Medical College and
PGIMSR, Rajajinagar, Bengaluru. The study period
in this thesis is 18 months. The study was approved
by the Institutional Ethics Committee and written
informed consent was obtained from all eligible
participants before their enrollment into the study.
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Participants: Inclusion criteria Patients of either
sex, age 18-60 years posted for elective
laparoscopic  cholecystectomy under general
anesthesia. Other eligibility criteria included ASA
physical status I or II and BMI 20-30 kg/m2.

Patients were excluded if they had diabetes mellitus
or prediabetes, fasting blood glucose >100 mg/dL,
HbAlc >5.7%, known allergy to dexmedetomidine,
recent exposure to steroids, use of medications that
can alter blood glucose, recent chemotherapy or
radiotherapy, immunosuppression, or pregnancy.

All patients were subjected to pre-anesthetic
assessment and routine investigations including
blood glucose and HbAlc estimation. Preoperative
fasting was 6 hours for solids and 2 hours for clear
liquids.

Sample Size Calculation: The sample size was
computed based on previously reported blood
glucose values in a study of perioperative
dexmedetomidine in non-diabetic patients. Based
on 90% power, 5% alpha error and 1:1 allocation
ratio , computed minimum sample size was 24
patients per group. Sample size calculation A
sample size of 30 patients in each group was
calculated to be appropriate to detect a difference
and accounting for dropouts a total of 60 patients
were recruited.

Randomization and Masking: Participants were
randomly allocated to two groups by random
number table generated by computer. Group D
received dexmedetomidine and Group S received
normal saline as control The study drug was
prepared by an anesthesiology resident not
involved in subsequent study procedures. Patients,
anesthesiologists involved in intraoperative
management and investigators responsible for
postoperative data collection were blinded to group
allocation.

Intervention: Group D received intravenous
infusion of dexmedetomidine at a dose of 0.6
pg/kg/h for 10 minutes before induction of
anesthesia and 0.5 pg/kg/h after induction.

Group S patients received normal saline as a
placebo.

Technique of Anesthetic: Standard monitoring
included electrocardiography, non-invasive blood
pressure, pulse oximetry and capnography. After
preoxygenation for 3 min, midazolam 0.02 mg/kg
and fentanyl 2 mg/kg were administered before
induction with propofol 2 mg/kg and vecuronium
0.15 mg/kg. Anesthesia was maintained with
positive-pressure ventilation with 35% oxygen,
65% nitrous oxide and 1-2% sevoflurane.
Laparoscopic cholecystectomy was performed
using a standard technique, with
pneumoperitoneum pressure maintained < 14
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mmHg. Ondansetron, diclofenac and paracetamol
were administered before emergence. The
neuromuscular blockade was reversed with
neostigmine and glycopyrrolate and extubation was
carried out after fulfilling the standard recovery
criteria.

Blood Glucose Testing: Capillary blood glucose
was determined at five predetermined time points
with the same Accu-Chek Active glucometer
(Roche Diagnostics GmbH, Mannheim, Germany):

e TO: baseline, just before administration of the
study drug

e T1: 1 hour during operation

e T2:2 hours post extubation

e T4: 4 hours post operation

e T6: 6 Hours after surgery

Intravenous  fluids  without dextrose  were
administered at a rate of 2 mL/kg/h for 6 hours
postoperatively and no dextrose-containing fluid
was given during the study period. Postoperatively,

patients were kept fasting for 6 hours. The main
analysis compared blood glucose levels in the
dexmedetomidine and saline groups at predefined
time points.

Statistical Analysis: Data were collected using
Microsoft Excel and analyzed by SPSS version
26.0. Quantitative variables were expressed as
mean =+ standard deviation, and categorical
variables as frequencies and percentages. Chi-
square test was used for comparison of proportions
and unpaired t test for comparison between two
groups. Statistical significance was set at P<0.05.

Results

Participant Characteristics: A total of 60 patients
were included, with 30 patients allocated to each
group. The mean age was 40.8+£7.10 years in the
dexmedetomidine group and 39.47+5.96 years in
the saline group, with no statistically significant
difference (P=0.254).

Table 1: Baseline demographic and clinical characteristics

Characteristic Dexmedetomidine group (n=30) Saline group (n=30) P value
Age, years 40.80 + 7.10 39.47 + 5.96 0.254
Female, n (%) 21 (70.0) 17 (56.7) 0.284
Male, n (%) 9 (30.0) 13 (43.3)

BMI, kg/m? 21.773 £1.753 21.750 £ 1.732 0.33
ASA L n (%) 23 (76.7) 25(83.3) 0.519
ASA L n (%) 7(23.3) 516.7)

The distribution of sex, BMI, and ASA physical status was comparable between the groups.

Patients assessed for eligibility
(n = 60)

Eligible participants randomized
(n = 60)

N

Pexmedetomidine group (Group D
Allocated: n = 30
Received dexmedetomidine

Saline group (Group S)
Allocated: n = 30
Received normal saline

|

|

Analyzed
n=30

Analyzed
n=30

Figure 1: Participant flow through the randomized study

Perioperative Blood Glucose: Baseline glucose
concentrations were comparable between groups.

Mean glucose was 88.20+6.85 mg/dL in Group D
and 87.23+6.70 mg/dL in Group S (P=0.583).
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Following induction and surgery, glucose
concentrations increased progressively in both
groups. However, the increase was consistently
greater in the saline group. At T1, glucose was
105.80+5.64 mg/dL in Group D compared with
110.80+18.99 mg/dL in Group S (P=0.044). At T2,
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mean glucose was significantly lower in Group D
than in Group S (117.50+10.95 vs 128.80+17.97
mg/dL; P=0.012). The between-group difference
persisted at T4 (121.17+£15.13 vs 129.83£11.76
mg/dL; P=0.035) and T6 (130.83£11.11 s
140.57+12.29 mg/dL; P=0.009).

Table 2: Perioperative blood glucose concentrations

Time point Dexmedetomidine, mean £+ SD (mg/dL) | Saline, mean = SD (mg/dL) | P value
TO — Baseline 88.20 £ 6.85 87.23 £6.70 0.583
T1 -1 h intraoperative 105.80 + 5.64 110.80 + 18.99 0.044
T2 — 2 h post-extubation | 117.50 + 10.95 128.80 + 17.97 0.012
T4 — 4 h postoperative 121.17 £15.13 129.83 +11.76 0.035
T6 — 6 h postoperative 130.83 £ 11.11 140.57 £12.29 0.009

Figure 2. Perioperative blood glucose trajectory

—$— Dexmedetomidine (n=30)
Saline (n=30)

150 A

140 A

130 A

120 A

110 A

Blood glucose (mg/dL)

100 A

90 A

80 -

TO T1

T2

T4 T6

Perioperative time point

Figure 2: Perioperative blood glucose trajectory

The glucose trajectory demonstrated separation
between the groups beginning at T1, with
progressively higher glucose concentrations in the
saline group through T6. The greatest observed
between-group difference was at T6, when mean
glucose was 9.74 mg/dL lower in the
dexmedetomidine group.

Discussion

The main finding of this randomized double-blind
study was that perioperative dexmedetomidine
infusion was associated with lower blood glucose
concentrations compared with saline in non-
diabetic ~ patients  undergoing  laparoscopic
cholecystectomy. In both groups, glucose levels
increased over time. The saline group had
significantly higher glucose levels from 1 hour
intraoperatively to 6 hours postoperatively.
Baseline glucose concentrations were similar,
supporting the interpretation that the subsequent
divergence was temporally related to the
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perioperative intervention and not to an existing
difference between groups.

The  surgical  stress  response  includes
neuroendocrine and inflammatory  response.
Activation of the sympathetic nervous system and
hypothalamic-pituitary-adrenal — axis leads to
elevated catecholamine and cortisol levels, while
other counter-regulatory hormones increase hepatic
glucose production and decrease peripheral glucose
utilization.

Thus, surgical stress is linked to a transient state of
insulin resistance and hyperglycemia. [1-5] The
present study showed this anticipated increase in
glucose in patients even without DM, with
increasing concentrations during the perioperative
period. The lower glucose concentrations with
dexmedetomidine are Dbiologically plausible.
Dexmedetomidine is a central o2-adrenergic
agonist and induces sympatholysis with reduction
in norepinephrine release and attenuation of the
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neuroendocrine stress response. Meta-analysis of
perioperative dexmedetomidine studies showed
attenuation of endocrine mediators of surgical
stress. [6] Reduced sympathetic activation may
lessen the increase in circulating glucose by
diminishing catecholamine-induced activation of
hepatic glycogenolysis and gluconeogenesis.

The results of previous clinical investigations are
broadly consistent with the present study.
Intraoperative dexmedetomidine infusion in general
anesthesia was related to lower perioperative blood
glucose levels than placebo. [8]

Similarly Mostafa et al reported significantly lower
perioperative  glucose  concentrations ~ with
dexmedetomidine in  non-diabetic  patients
undergoing laparoscopic bariatric surgery. The
difference was present from around 1 hour after
surgery till 6 hours postoperatively. [13] The time
pattern in that study is especially relevant since the
present study also found significant between-group
differences starting during the intraoperative period
and extending thru postoperative monitoring.

Studies of laparoscopic surgery have also suggested
that dexmedetomidine attenuates the metabolic
stress response. Gupta et al reported lower blood
glucose with dexmedetomidine compared with
fentanyl  premedication during laparoscopic
cholecystectomy 6. Singh et al reported serial
glucose changes consistent with attenuation of
metabolic and hemodynamic stress responses
during laparoscopic surgery 7. [16,17] The thesis
also cites a study by Shukla et al, which studied
modulation of neuroendocrine stress response
during laparoscopic cholecystectomy. [18]

However, the metabolic effects of
dexmedetomidine are not necessarily consistent
across all clinical settings. Zhou et al. studied dose-
related effects of dexmedetomidine in non-diabetic
patients undergoing gastrointestinal tumor surgery,
and found that the relationship between
dexmedetomidine  dose  and  perioperative
hyperglycemia may be complex. [10] Experimental
studies with a2A-adrenoceptors further support a
role for this receptor subtype in glucose
homeostasis and insulin secretion. [11,12]
Consequently, the lower glucose concentrations
observed in the present study need to be interpreted
according to the specific dose regimens, patient
population and surgical procedure studied.

The present study employed a loading infusion of
dexmedetomidine (0.6 pg/kg/h over 10 min)
followed by a maintenance infusion (0.5 pg/kg/h
after induction). This regimen was associated with
lower glucose concentrations at all 4 postbaseline
measurements. The absolute difference between
groups was around 5 mg/dL at T1, increased to
11.3 mg/dL at T2 and was around 8.7-9.7 mg/dL at

Kalamdani et al.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

T4 and T6. Although these differences were
statistically significant, their clinical significance
should not be exaggerated, particularly as the
glucose values observed remained below the
specified hyperglycemic ranges usually linked to
major metabolic complications.

A major strength of the study was that enrollment
was limited to non-diabetic patients with relatively
homogeneous baseline characteristics. Age, sex
distribution, BMI and ASA physical status were
similar between groups, making it unlikely that
major  baseline demographic differences
contributed to the observed glucose pattern.

Some potential sources of variation were also
minimized by standardization of anesthesia,
laparoscopic technique, fasting after surgery, and
intravenous fluid administration. The use of the
same point of care glucose device for all
measurements further improved the consistency of
the assessment of glucose.

The present study also has important limitations.
First, the sample size was quite small with only 30
patients in each group, which limited the precision
and generalizability. Second, patients with diabetes
and prediabetes were specifically excluded, so the
findings cannot be extrapolated directly to patients
at greater risk of perioperative dysglycemia. Third,
glucose monitoring was discontinued at 6 hours
postoperatively, so the duration of the observed
effect and its relationship to later postoperative
outcomes are unknown. Fourth, detailed
peroperative  stress hormone  concentrations,
nutritional status and fluid-related parameters,
which are potential determinants of perioperative
glucose metabolism, were not well evaluated.
These limitations are also acknowledged in the
thesis.

A further issue is that in the current study serial
blood glucose concentrations were measured, and
not formal glycemic variability using a predefined
variability metric. Thus, the results should be
described as an attenuation of the perioperative
glucose rise/trajectory and not as definitive
evidence that dexmedetomidine reduces a specific
mathematical measure of glycemic variability.

However, the results still suggest that
dexmedetomidine may attenuate the metabolic
response to laparoscopic cholecystectomy in
otherwise healthy non-diabetic adults. This
potential effect could be of clinical importance
when dexmedetomidine is chosen for its known
sedative, analgesic, and sympatholytic properties.
Further larger trials are needed to see whether
perioperative glucose reduction translates into
meaningful  improvement of  postoperative
outcomes and whether a similar effect is observed
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in patients with diabetes, prediabetes, obesity, or
other conditions with increased metabolic risk.

Conclusion

Perioperative intravenous dexmedetomidine was
associated with significantly lower blood glucose
concentrations than normal saline in non-diabetic
patients undergoing laparoscopic cholecystectomy
under general anesthesia.

Although glucose showed a progressive increase in
both groups, the increase was blunted in patients
receiving dexmedetomidine with  significant
between-group  differences from 1  hour
intraoperatively thru 6 hours postoperatively.

These findings indicate that dexmedetomidine may
attenuate the metabolic response to surgical stress
in this selected population. However, its effect
should be interpreted as a potential property for
modulating stress response rather than a therapeutic
glucose-lowering effect. Larger, appropriately
powered studies in diabetic and high-risk surgical
populations, longer post-operative follow-up, and
clinically relevant outcomes are warranted.
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