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Preemptive Midazolam Can Reduce the Glycemic Stress Response
to Surgery for Type-2 Diabetics Undergoing Simple Eye Surgery
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Abstract

[1] . Fasting blood glucose (FBG) values of <100mg
/dl were considered normal, while values of 100125mg/dl indicate impaired fasting glucose concentration and DM was defined as FBG of ≥ 126mg
/dl [2] .

Background: Estimation of percentage of change of blood
glucose concentration (BGC) at 30- and 60-min after single
dose of intravenous midazolam injection and at end of surgery
in relation to pre-injection concentration.
Aim of Study: Estimation of percentage of changes of
blood glucose concentration (BGC) at 30- and 60-min after
intravenous injection of single dose of midazolam and at end
of surgery in relation to pre-injection BGC.

Diabetes-related microvascular complications
involving nerves, eyes, kidneys and feet significantly impact patients with type-2 diabetes (T2D)
and are associated with increased morbidity and
mortality [3] . Pathogenesis of microvascular complications could be attributed to the oxidative and
nitrosative stress occurred secondary to hyperglycemia and resulted in endothelial and microvascular
dysfunction [4] .

Patients and Methods: 100 type-2 diabetic patients with
fasting BGC of ≥200mg/dl, ASA grade II or III and assigned
for cataract surgery were evaluated clinically and received
midazolam injection in a dose of 0. 0 1-0. 1 mg/kg, up to a total
dose of 2.5mg, over two minutes or until patient was sedated
and achieved Ramsy score 2 or 3. BGC was estimated before
midazolam injection and at 30-min, 60-min after injection
and at end of surgery. Then, patients received peribulbar and
subtenon local anesthetic infiltration was performed.

Perioperative hyperglycemia is associated with
increased morbidity and mortality [5] . Regarding
the intraoperative hyperglycemia, no difference in
postoperative outcomes was detected between
intraoperative blood glucose levels of more or less
than 180mg/dl but intraoperative blood glucose of
250mg/dL was a predictor of 30-day mortality/
morbidity [6] .

Results: All surgeries were conducted uneventfully within
a mean operative time of 62.6±8.8 min. BGC showed progressive increases during surgery reaching a maximum at 60-min
after injection and declined at end of surgery, but with nonsignificant differences between the three estimations and the
pre-injection levels. Median value of percentage of increase
of BGC at 60-min was significantly higher in comparison to
median values of other estimations, with significantly higher
percentage of increase at end of surgery than at 30-min after
injection.

Anesthesia and surgery can aggravate diabetic
patient and increase the incidence of complications
secondary to poor blood glucose control, so decreasing glucose variability during admission for
surgery is essential to reduce re-admission rates
and length of stay of T2D patients [7] . The type
and regimen of anesthesia may affect perioperative
hyperglycemia following major surgical stress [8,9] .
The effect of perioperative anesthetics on the blood
glucose level of diabetic patients will play an
essential role in the postoperative recovery of
patients [7] .

Conclusion: Preemptive administration of midazolam for
diabetic patients could control the surgery-induced hyperglycemic effect and thus could protect patients against postoperative hyperglycemic complications.
Key Words: Midazolam – Type-2 Diabetes mellitus – Surgical
stress – Percentage of change.

Introduction
DIABETES prevalence is increasing all over the
world and is affected by the risk of developing
diabetes mellitus (DM) and survival of diabetics

The benzodiazepine midazolam (MDZ) is commonly used as first-line treatment in patients with
acute seizures and for procedural sedation and
during general anesthesia [10] . Midazolam is a
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benzodiazepine receptor agonist that causes seda[11]
tion through activation of GABA A receptors
that requires predominance of the K + -Cl cotransporter isoform 2 to cause influx of Cl- and subsequent neuronal hyperpolarization [12] . GABAergic
effect of midazolam promotes its sedative, anxiolytic, and anticonvulsant properties and is characterized by the fast onset and short duration of
action than other benzodiazepines [13] . Midazolam
is used for pediatric procedural sedation for provision of minimal sedation, fast onset and rapid
recovery [14] . However, the effects of midazolam
on metabolic and endocrinal surgical stress response
were poorly, so the current placebo-controlled
study tried to evaluate these effects.
Patients and Methods
This prospective comparative study was conducted at Anesthesia Department, Alhada Military
Hospital, Taif, KSA, since June 2019 till Jan 2020.
After approval of the study protocol by the Local
Ethical Committee, all type-2 diabetic patients and
assigned for cataract surgery were eligible for
evaluation.
The inclusion criteria included simple eye operation, age >50 years, type-2 DM, ASA grade II
or III and signed written fully informed consent
to participate in the study. All patients were evaluated for demographic and clinical data for assurance of inclusion and exclusion criteria. All patients
gave blood sample, at time of arrival to the hospital,
for estimation of fasting (FBG) concentration and
patients with FBG level of ≥200mg/dl were included in the study. All enrolled patients received slow
intravenous midazolam injection in a dose of 0.010.1mg/kg, up to a total dose of 2.5mg, over two
minutes or until patient was sedated and achieved
Ramsy score 2 or 3. BGC was re-estimated at 30min, 60-min after midazolam injection and at end
of surgery. After patient was sedated (Ramsy score
of 2-3), peribulbar and subtenon local anesthetic
infiltration was performed.
Study outcome:
The study outcome was the change of blood
glucose concentration after midazolam injection
in relation to baseline preoperative levels and to
corresponding estimations in control patients.
Statistical analysis:
Data are presented as mean, standard deviation
(SD), numbers, percentages, median and interquartile range (IQR). Parametric results were analyzed
using paired t-test for comparisons of estimated
BGC pre- and post-injection and non-parametric
results were analyzed using Chi-square test and

Mann-Whitney test. Statistical analysis was conducted using IBM® SPSS® Statistics (Version 22,
2015; Armonk, USA) for Windows statistical package. p-value <0.05 was considered statistically
significant.
Results
The study included 123 patients; 23 patients
were excluded for not fulfilling the inclusion and
100 patients were included in the study (Fig. 1).
Demographic and clinical data of enrolled patients
were shown in Table (1). All surgeries were conducted uneventfully within a mean operative time
of 62.6±8.8 (range: 55-80) min.
Eligible for
evaluation
(n=123)

Evaluation

Excluded
(not fulfilling
inclusion criteria)
(n=23)

Enrollment
Eligible for
enrolment
(n=100)
Received
study drug
Study patients
(n=100)

Intraoperative
exclusion
(n=0)

Completed
the trial
Study patients
(n=100)
Fig. (1): Consort flow sheet.

Table (1): At admission demographic and clinical data of
patients of both groups.
Findings

Variables
Age (years):
Categories:

<60
60-65
>65

38 (38%)
28 (28%)
34 (34%)
62.3 (4.3)

Males
Females

56 (56%)
44 (44%)

Mean (SD)
Sex:

Body weight (Kg)
Body height (cm)

91.8 (3.2)
169 (3.3)

Body mass index (kg/m 2 ):
Categories:
Overweight (<30)
Obese (30-35)
Very obese (>35)
Mean (SD)

13 (13%)
81 (81%)
6 (6%)
32.2 (1.8)

ASA grade:

ASA-I
ASA-II

39 (39%)
61 (61%)

Laterality:

Right
Left

27 (27%)
73 (73%)

Data are shown as mean, standard deviation (SD),
numbers, percentages.
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Blood glucose levels showed progressive increases during surgery reaching its summit at 60-min
after injection and declined at end of surgery. However, estimated BGC at 30-min and 60-min after
injection and at end of surgery were non-significantly
higher in comparison to preoperative concentration
with non-significantly higher concentration at 60min after injection in comparison to that estimated
at 30-min and at end of surgery. Moreover, BGC
estimated at end of surgery were non-significantly
higher in comparison to that estimated at 30-min
after injection (Table 2, Fig. 2).

Regarding the percentage of increase of BGC
after midazolam injection in comparison to
preoperative levels, median value of increase
of BGC at 60-min after injection was significantly higher in comparison to the median value
of percentage of increase at 30-min after injection and at end of surgery. Moreover, the median
value of percentage of increased BGC at end
of surgery was significantly higher in comparison to that recorded at 30-min after injection
(Table 2, Fig. 3).

Table (2): BGC estimated at 30- & 60-min after midazolam injection and at end of surgery.
Variable Time
Blood glucose level:
Mean (±SD)

Pre-injection

30-min after injection

60-min after injection

End of surgery

223.3 ± 17.5

227.9± 17.3

231.6±20.2

229.6± 17.4

0.105

0.069
0.492

0.087
0.791
0.594

1.78
1.33-2.97

3.65
2.26-5.36

2.9
1.47-3.98

<0.001

<0.001
0.006

p-value:
p1
p2
p3
% of change of blood glucose:
Median
IQR

–
–

p-value:
p2
p3

Data are shown as mean, standard deviation (SD), median; Interquartile range (IQR); p 1: Indicates significance of difference
between BGC estimated at 30- & 60-min after midazolam injection and at end of surgery in comparison to pre-injection
concentration; p2 value indicates significance of difference between BGC estimated at 60-min after midazolam injection and
at end of surgery in comparison to estimates recorded at 30-min after midazolam injection; p3 value indicates significance of
difference between levels estimated at 60-min after midazolam injection versus that estimated at end of surgery; p<0.05 indicates
significant difference; p-value >0.05 indicates non-significant difference.
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Fig. (2): Mean BGC estimated in studied patients at preinjection and 30- & 60-min after injection and at
end of surgery.

30-min
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Fig. (3): Median percentage of increase of BGC after midazolam injection.
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Discussion
The study hypothesis was that single dose of
midazolam could modulate the glycemic stress
response to ocular surgery requiring operative
duration of about 60 minutes. The obtained results
assured that hypothesis where BGC estimated at
30- and 60-minutes after midazolam injection and
at end of surgery were non-significantly higher in
comparison to pre-injection levels. However, the
percentage of change of BGC progressively increased with progress of surgery; a finding indicated
the glycemic stress of surgery, irrespective of type
of surgery. These results point to a possible controlling effect of midazolam on surgical glycemic
stress response.
The obtained results supported that previously
reported non-significant difference between different sedatives used for either pre-medication, induction or as adjuvant during anesthesia as regards
the control of glycemic stress response to anesthesia
and/or surgery [15,16,17] . Moreover, the obtained
results were superior to that obtained by Tilak et
al., [18] who reported non-significant differences
in the percent of increase in BGC between patients
who received midazolam or placebo and concluded
that preoperative administration of midazolam did
not cause attenuation of the hyperglycemic response
compared to the placebo group. In support of the
efficacy of hyperglycemic controlling effect of
midazolam, experimental midazolam injection was
found to prevent hyperglycemia-induced generation
of reactive oxygen species and subsequent vascular
leakage in the retinas [11,19] and lungs of diabetic
mice.
The obtained results had multiple attributions;
firstly, to the sympathetic blocking action of midazolam with subsequent decreased release of adrenaline, which is glucogenic hormone, and so minimization of glucogenic stress response to surgery.
In line with this assumption, Sawaguchi et al., [20]
detected more inhibition of sympathetic nervous
activation induced by electrical stimulations with
intravenous sedation using combination of midazolam and propofol than with propofol alone and
Nishiyama [21] found midazolam pre-medication
inhibited sympathetic activation at induction of
anesthesia. Recently, Kurzová et al., [22] evaluated
the effect of midazolam sedation on sympathetic
activity as judged by changes in electrical skin
impedance and detected highly significant differences between electrical skin impedance with
midazolam sedation versus pretreatment impedance
levels and versus placebo.

Secondly, the reported effect could be attributed
to an agonizing effect of midazolam on GABA
receptors on insulin resistance, which is coincident
with type-2 diabetes mellitus [7] , in support of this
attribution, Li et al., [23] using type-2 DM animal
model found supplementation by GABA-rich yogurt favorably regulated homeostasis model assessment of β -cell function, improved islet cells morphology and lowered total cholesterol in a dosedependent manner. Thereafter, Rezazadeh et al.,
[24] using animal model of type-2 DM found
GABA therapy improved insulin resistance in
diabetic animals by increasing the expression of
GLUT4, the main glucose transporter to the cell,
whereby glucose is metabolized with subsequent
decrease of BGC. Moreover, Rezazadeh et al., [24]
found GABA therapy is indirectly able to reduce
insulin resistance possibly through the increased
gene expressions of insulin receptor substrate 1
and a serine/threonine kinase. Clinically, Luc et
al., [25] found whole-body cryostimulation in dementia patients causes decrease of insulin resistance
through inducing alterations in gut microbiota,
which produce neurotransmitters, such as GABA.
Thirdly, midazolam may increase secretion of
insulin by pancreatic β -cell as documented by
Untereiner et al., [26] who showed that oral GABA
administration to healthy animal model increased
pancreatic β -cell mass leading to enhanced insulin
secretion and glucose tolerance. Also, Tian et al.
[27,28] experimentally found the GABAA-R positive allosteric modulators work in conjunction with
GABA secreted from β -cells to increase β -cell
survival and replication [27] and treatment with
GABAA-R agonists enhanced β -cell replication
and survival in a human islet xenograft model [28] .
Interestingly, the controlling effect of midazolam
on BGC had extended till the end of surgery and
this supported previous works, which reported that
midazolam can control surgery induced hyperglycemia during and till end of surgery [16,17] .
Conclusion:
Preemptive administration of midazolam for
diabetic patients could control the surgery-induced
hyperglycemic effect and thus could protect patients against postoperative hyperglycemic complications.
Limitations:
The study was limited for evaluating the effect
of preemptive midazolam on diabetic patients with
fasting blood glucose of ≥200mg/dl and for shortduration surgeries.
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Recommendations:
Wider scale comparative studies of midazolam
versus other sedatives and for diabetic patients
irrespective of their BGC are mandatory.
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