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Abstract
Introduction: Surgery induces stress response, which can cause elevated blood glucose level. In addition to tissue injury
and inflammation, anxiety can contribute to the stress response. We measured the effect of preoperative midazolam administration on perioperative glucose levels to determine if midazolam administration will have beneficial effects on perioperative glucose levels.
Materials and Methods: Sixty non-diabetic patients between the ages of 18 and 80 were randomized into two groups. One
group received preoperative midazolam and the other group received a placebo. The anesthetic regimen was controlled in
both groups. Blood glucose levels were measures preoperatively and at predetermined intervals during surgery and in the
post anesthesia care unit (PACU). The increases in the blood glucose levels from the preoperative value as well as percentage
of patients with maximum glucose value less than 140mg/dl were compared between the groups.
Results: The patient characteristics and surgical as well as anesthetic factors were similar in both groups. There were no
statistically significant differences in the percent increase in blood glucose levels between the groups. The median (interquartile range) percent increase from preoperative to maximum glucose in the midazolam group was 14.93(29.81) and in
the placebo group was 24.98(27.11) with a P value of 0.56. The percentage of patients with blood glucose levels ≤ 140 was
86.67 in midazolam group vs 100 in the placebo group (P value .12).
Conclusion: Preoperative administration of midazolam did not cause attenuation of the hyperglycemic response compared
to the placebo group.
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Introduction
Blood glucose levels may be elevated in the perioperative period
in response to stress [1-3]. Perioperative hyperglycemia is a risk
factor for increased morbidity after surgery [4, 5]. The severity
and the time period of hyperglycemia associated with harm
have yet to be fully understood, however, it is likely that some
degree of hyperglycemia may cause harm. When insulin/glucose
homeostasis is challenged/stressed with oral glucose tolerance test
a blood glucose value of >140mg/dl is considered as impaired
glucose tolerance [6]. A recent consensus statement recommends

that fasting blood glucose levels in non critically ill patients in
hospital setting should be maintained at< 140mg/dl [7].
Stress can be induced by physical (injury, inflammation) as well
as psychological (anxiety) factors. Preoperative anxiety has been
shown to be associated with a hormonal stress response [8, 9].
It has been demonstrated that administration of midazolam
preoperatively reduces anxiety [10]. A survey by Kain et al., [11]
in 1997 revealed that approximately 75% of anesthesiologists
routinely administer a sedative premedication to surgical patients.
Currently, the majority of patients at our institution either do
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not receive anxiolytic premedication or receive it just before
induction in the OR. The reason for this variation in practice
may be due to the implementation of the time out procedure
which is performed in the OR before the patient receives any
medication. Several studies have looked at the impact of
preoperative anxiety and premedication on outcomes such as
stress response to laryngoscopy and intubation, intraoperative
anesthetic requirements, postoperative nausea and vomiting and
postoperative psychological and pain recovery [12-15].
We hypothesize that preoperative (in the holding area) midazolam
will attenuate the neuroendocrine stress response by reducing
psychological stress in the form of anxiety. This in turn
may decrease the hyperglycemic response and help maintain
perioperative blood glucose levels equal to or less than 140 mg/dl
as this is the recommended value by ADA for hospital inpatients
[7].

Materials and Methods
The study was registered at www.clinicaltrials.gov (NCT01641653).
This prospective, single-blinded (subject only) randomized
controlled trial was approved by the IRB of Rutgers New
Jersey Medical School (formerly the University of Medicine and
Dentistry of New Jersey). Patients scheduled to undergo inguinal
or ventral hernia repair under general anesthesia were screened
for potential enrollment into the study from June 2011 to August
2012. Patients were included into the study after providing
informed consent. Criteria for enrollment included non-pregnant,
English-speaking subjects between 18 and 80 years of age with
no past medical history of diabetes, not currently taking steroid
medication and with a fasting finger stick blood sugar less than 110
mg/dl, measured pre-operatively using the Abbott Freestyle™
portable monitoring device (Abbott Diabetic Care, Abbott Park,
IL 60064). The glucose meters were calibrated according to the
manufactures’ recommendations.
Patients were randomized into two groups using a computergenerated randomization sheet on Microsoft Excel. One group
received midazolam in the holding area and the other group
received placebo. All anesthesia care providers were requested
not to administer midazolam in the operating room. Ten minutes
before entering the OR, study patients received either 1-2.5 mg
IV midazolam or 2 cc of normal saline. All patients completed
the State Trait Anxiety Inventory for Adults (STAI Form Y-1
and Y-2) pre-operatively to quantify the levels of current “state
anxiety” and anxiety as a long-term personality trait, in order to
determine a possible correlation with the subjects’ perioperative
glucose levels. Finger stick glucose levels were monitored once
preoperatively, intraoperatively at 30-minute intervals following
anesthetic induction, and twice in the Post-Anesthesia Care Unit
(PACU), the first at 30 minutes post-arrival and the second at
60 minutes. The operations were performed by two surgeons to
reduce the variability between surgical techniques.
Anesthetic protocol was as follows: All study participants were
induced with 1.5-3 mg/kg propofol, 1-2 μg/kg fentanyl, and the
muscle relaxant of choice. Maintenance medications included
1-1.5% Mac (end-tidal) of desflurane, 1.5-2 μg/kg/hr bolus of
fentanyl, and the muscle relaxant of choice. Up to 1 μg/kg/hr of
fentanyl was allowed if there was a 20% change in baseline blood
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pressure and/or heart rate intraoperatively. The anesthesia care
team was allowed to choose the modality for postoperative pain
control between intravenous Ketorolac, Morphine or TAP block
if appropriate.
Data collected on each subject included age, gender, height,
weight, body mass index (BMI), known family history of diabetes,
marital status, current medications, menopausal status, durations
of anesthesia and surgical times, preoperative and perioperative
glucose levels, the time point of the maximum glucose level,
quantity and type of fluid replacement, estimated blood loss,
and amount, if any, of transfusion used. In addition, desflurane
MAC and the Bispectral Index Score (BIS) were measured every
30 minutes post-induction. In the PACU, pain scores, using self
reported visual analogue scale, 0 (no pain) to 10 (worst possible
pain) were recorded at 30 and 60 minutes after arrival.
Data Analysis
Descriptive statistics were produced for all demographic, pre-op,
intra-op, and post-op variables, allowing for the examination of
data distributions, the characterizations of subjects relative to
one another, and the ascertainment of data errors or outlier data
points. Medians as well as means were calculated for variables
whose frequency distributions were either skewed or contained
outliers. Medians are presented for these variables, with both
statistics being shown for maximum intra-op glucose.
Potential differences in demographic, pre-op, intra-op, and postop characteristics by treatment group were assessed. Additionally,
the following four measures were calculated and assessed for
treatment group differences: percentage change from preop glucose to maximum glucose level, change from pre-op to
maximum glucose level, time from incision to maximum glucose
level, and percentage of subjects with intra-op glucose levels ≤
140 mg/dl. The Wilcoxon rank-sum test or the T-test was used
for continuous variables; the Pearson chi-square test was used for
categorical variables. Both medians and means were calculated for
the percentage change from pre-op to maximum glucose variable
and the change from pre-op to maximum glucose variable as the
frequency distributions were slightly skewed right. Additionally,
p-values associated with both the T-test and the Wilcoxon ranksum test were computed for these two variables. Spearman
correlations were calculated to estimate the strength of the linear
relationship between pain scores and PACU glucose levels.
All statistical tests were performed at the alpha=0.05 significance
level. All statistical analyses were performed using SAS versions
9.2 or 9.4 (SAS Institute, Cary, North Carolina) on passwordprotected computers.

Results
Seventy three patients were consented for the study. One patients
withdrew the consent and was removed. Twelve patients had
finger stick glucose value > 110mg/dl and were excluded. Sixty
patients completed the study, 30 in each group. We used a range
of 1-2.5 mg rather than a fixed standard dose of 2 mg IV. One
patient received 1 mg as the BMI was 18 and it was thought that
2mg may be excessive. One patient with a BMI of 44 received
2.5 mg. The rest of the patients in the study group received 2 mg
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IV. There were no statistically significant differences between the
two groups concerning patient demographics and intraoperative
characteristics, as shown in Table 1. We measured the STAI scores
preoperatively in all patients to determine anxiety levels. There
were no differences in the anxiety levels between the two groups.

from incision to maximum glucose and induction to maximum
glucose was longer but not significant in the midazolam group 43
vs 20 minutes and 60 vs 30 minutes respectively, as seen in Table
2. The pain scores and glucose levels in both groups in the PACU
at 30 and 60 minutes were similar, as seen in Table 3.

There was no statistically significant difference in intraoperative
glucose levels and the PACU glucose levels between the two
groups, as seen in Tables 2 and 3. 86.67% (26) of the patients
in midazolam group had blood glucose levels ≤ than 140mg/
dl vs. 100% (30) in the placebo group. The difference was not
significant.

Discussion

The median pre-op glucose levels were slightly lower in the placebo
group though the difference was not statistically significant. The
maximum intra-op glucose median and mean were 108/115 mg/
dl for the midazolam group and 114/112 mg/dl for the placebo
group. The percent increase from pre-op to maximum glucose
level was lower in the midazolam group [Median 14.93(29.81),
Mean 24.30(23.34)] compared to the placebo group [Median
24.98 (27.11), Mean 27.15(22.97)], though not significant. Time

In this prospective, single-blinded (subject only) randomized
trial we investigated the influence of preoperative midazolam
administration on intra and postoperative glucose levels. We found
no statistically significant difference in the intra-op or post-op
glucose levels between the two groups. When comparing patients
with perioperative blood glucose levels ≤ 140mg/dl there were no
significant differences between the groups. Our hypothesis that
the midazolam group will have significantly lower increase in the
glucose level by reducing the psychological stress response was
not validated.
Previous work suggests that the glucose levels increase during the
perioperative period due to the metabolic and endocrine response

Table 1. Midazolam Study: Demographic and Intra-op Characteristics of Study Population by Randomized Group.
Characteristic
Age (years) (Mean (SD))
% Female (n)
Ethnicity
% Black (n)
% Hispanic (n)
% White/Other (n)
BMI (kg/m2)
% Family Hx of Diabetes (n)
STAI Score Form 1
STAI Score Form 2
STAI Score (Mean of Forms 1 and 2)
Fentanyl Dose (mcg/kg)
Total IV Fluids (cc)
Surgical Time (min)
Anesthesia Time (min)
Estimated Blood Loss (cc)
% < 30 cc (n)
% ≥ 30 cc (n)
% Antibiotics (n)
% Antibiotics with Glucose (n)
BIS Score (all times)
BIS Score (30 minutes post-induction)
BIS Score (60 minutes post-induction)
BIS Score (90 minutes post induction)
End-tidal (all times)
End-tidal (30 minutes post-induction)
End-tidal (60 minutes post-induction)
End-tidal (90 minutes post induction)

All Subjects (n=60)
45.38 (13.05)
35 (21)

Midazolam (n=30)
46.23 (12.96)
43 (13)

Placebo (n=30)
44.53 (13.32)
27(8)

40 (24)
42 (25)
18 (11)
28.74 (5.71)
50 (30)
36.00 (14.50)
31.00 (17.00)
34.00 (15.50)
2.18 (1.40)
1000.00 (400.00)
73.50 (41.50)
117.50 (57.00)

37 (11)
40 (12)
23 (7)
28.88 (5.17)
47 (14)
36.00 (13.00)
31.50 (15.00)
35.25 (13.00)
2.15 (1.53)
1000.00 (200.00)
73.00 (43.00)
112.00 (57.00)

43 (13)
43 (13)
13 (4)
28.52 (6.02)
53 (16)
32.50 (17.00)
29.00 (19.00)
32.00 (15.00)
2.23 (1.35)
1000.00 (400.00)
72.50 (36.00)
125.00 (61.00)

43 (26)
57 (34)
98 (59)
95 (56)
41.00 (15)
43.00 (15)
40.00 (13)
40.50 (14)
5.60 (1.83)
5.63 (0.93)
5.75 (1.75)
5.45 (3.15)

47 (14)
53 (16)
100 (30)
93 (28)
40.00 (15)
40.50 (16)
38.00 (11)
39.00 (10)
5.50 (1.70)
5.33 (1.15)
5.63 (2.25)
5.48 (2.70)

40 (12)
60 (18)
97 (29)
97 (28)
43.00 (14)
44.50 (16)
43.00 (13)
43.00 (16)
5.75 (1.85)
5.80 (0.90)
5.75 (1.55)
5.45 (3.20)

P-value
0.62
0.18
0.60

0.48
0.61
0.42
0.63
0.42
0.55
0.36
0.83
0.88
0.6

1.00
1.00
0.14
0.21
0.15
0.55
0.07
0.09
0.22
0.65

(All statistics are medians (interquartile range) unless otherwise indicated.)
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Table 2. Midazolam Study: Intra-op Glucose-Related Measures by Randomized Group.
All Subjects
(n=60)
Pre-op Glucose (mg/dL)
91.00 (16.50)
Intra-op Glucose (mg/dL) (all times)
103.00 (23.00)
Intra-op Glucose (mg/dL) (30 min post-induction)
105.00 (22.50)
Intra-op Glucose (mg/dL) (60 min post-induction)
102.00 (21.00)
Intra-op Glucose (mg/dL) (90 min post induction)
101.50 (21.00)
Intra-op Glucose (mg/dL) (120 min post induction) 104.00 (28.50)
% Increase Pre-op to Max Glucose
20.07 (28.49)
% Increase Pre-op to Max Glucose (Mean (SD))
25.73 (23.00)
Increase Pre-op to Max Glucose (mg/dL)
17.50 (23.50)
Increase Pre-op to Max Glucose (Mean (SD)) (mg/dL) 22.43 (19.66)
Maximum Intra-op Glucose (mg/dL)
111.50 (24.50)
Maximum Intra-op Glucose (mg/dL) (Mean (SD))
114.12 (19.95)
Median Intra-op Glucose Per Subject (mg/dL)
102.00 (19.00)
Time from Incision to Maximum Glucose (min)
40.00 (51.50)
Minutes post-induction at Maximum Glucose
60 (60)
% Intra-op Glucose Level ≤ 140 mg/dL (n)
93.33 (56)

Midazolam
(n=30)
94.00 (12.00)
101.00 (22.50)
100.50 (24.00)
102.50 (21.00)
100.00 (25.00)
104.00 (27.50)
14.93 (29.81)
24.30 (23.34)
14.50 (25.00)
22.20 (22.18)
108.00 (24.00)
115.70 (23.90)
100.75 (22.50)
43.50 (50.00)
60 (60)
86.67 (26)

Placebo
P-value
(n=30)
87.50 (18.00)
0.22
105.00 (24.00)
0.44
106.00 (22.00)
0.64
101.00 (22.00)
0.69
104.50 (18.00)
1.00
109.00 (30.00)
0.37
24.98 (27.11)
0.56
27.15 (22.97)
0.64
22.00 (23.00)
0.65
22.67 (17.16)
0.93
114.00 (25.00)
0.87
112.53 (15.27)
0.54
103.50 (19.00)
0.97
20.00 (40.00)
0.16
30 (30)
0.11
100.00 (30)
0.12

All statistics are medians (interquartile range) unless otherwise indicated.)
Note: Case #61 has intra-op glucose reading times of 22 minutes and 60 minutes. The 22-minute reading was analyzed as a 30-minute
reading.
Methods:
For p-values provided:
The Wilcoxon rank-sum test or the t-test assessed group differences in continuous variables. The Pearson chi-square test assessed group
differences in categorical variables.
Table 3. Midazolam Study: Post-op Characteristics of Study Population by Randomized Group.
Characteristic
PACU 30-minute Pain Score
PACU 60-minute Pain Score
PACU Pain Score (mean of 30-and
60-minute scores)
PACU 30-minute Glucose (mg/dL)
PACU 60-minute Glucose (mg/dL)
PACU Glucose (mg/dL) (mean of 30and 60-minute values)
Spearman Correlation (95% CI)
between 30-Minute Pain Scores and
30-Minute PACU Glucose
Spearman Correlation (95% CI)
between 60-Minute Pain Scores and
60-Minute PACU Glucose
Spearman Correlation (95% CI)
between Mean Pain Scores and Mean
PACU Glucose

All Subjects Midazolam
(n=60)
(n=30)
6.00 (5.00)
6.00 (6.00)
5.00 (4.50)
5.00 (5.00)

Placebo
(n=30)
6.00 (6.00)
5.00 (4.00)

P-value/CI
Overlap
0.51
0.40
0.45

5.50 (5.00)

5.25 (5.00)

6.00 (4.00)

99.50
(23.00)
101.00
(26.00)
100.00
(26.00)
r=0.04
(-0.21,0.30)
p=0.74
r=0.06
(-0.20,0.31)
p=0.66
r=0.04
(-0.21,0.29)
p=0.74

101.50
(19.00)
101.50
(28.00)
101.25
(27.50)
r=0.08
(-0.29,0.43)
p=0.66
r=0.19
(-0.19,0.51)
p=0.33
r=0.10
(-0.27,0.49)
p=0.58

96.50
(26.00)
96.00
(24.00)
96.00
(30.50)
r=-0.01
(-0.37,0.35)
p=0.94
r=-0.06
(-0.41,0.31)
p=0.75
r=-0.06
(-0.41,0.31)
p=0.75

0.62
0.78
0.67
Not significant
(CI overlap)
Not significant
(CI overlap)
Not significant
(CI overlap)
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to stress [2, 16]. Our study demonstrated an overall small increase
in glucose levels in non-diabetic patients undergoing a low risk
procedure (20% overall, 15% midazolam group, 25% placebo
group). Abdelmalak et al., [17] have reported an increase in glucose
levels of 72 ± 45 mg/dl in non-diabetic patients undergoing
major non-cardiac surgery. In our group the increase was much
smaller (22 ± 19). This may be due to the fact that the surgical
procedure involved was hernia repair, which is considered a low
risk procedure according to the modified Johns Hopkins surgical
criteria.
The association between perioperative hyperglycemia and
increased morbidity has been extensively studied and described
in the literature [4, 5, 18]. There is no consensus on the cut off
for acceptable glucose levels though there is a general agreement
about the necessity to avoid hyperglycemia in the perioperative
period. Numerous investigators have compared various anesthetic
techniques that can modify the neuroendocrine and/or the
hyperglycemic response. Regional anesthesia has been shown to
be superior to inhalation technique to decrease the hyperglycemic
response [19, 20] and a combination of propofol and opioids
has been demonstrated to suppress the endocrine and metabolic
response to surgical stress [21, 22]. Dawson et al., [23] compared
induction with midazolam and thiopentone in female patients
for pelvic surgery and found no differences in glycemic or
adrenocortical response. Ekbom et al., [24] studied the effects of
midazolam and nitrous oxide on glucose and cortisol levels when
administered for sedation before intravenous access in children.
After midazolam the cortisol levels were significantly lower than
those after nitrous oxide. Furthermore the levels were lower than
those in the unstressed children. It was postulated that the results
were not due to the superiority of midazolam to reduce anxiety
associated with intravenous access but due to its pharmacological
effects on stress hormones. Heine et al., [25] described the
effects of premedication with midazolam on immunological
and cardiovascular stress in patients receiving retrobulbar block
by measuring leukocyte subpopulation and cardiovascular
parameters. Midazolam was found to attenuate both responses.
This study was not designed to observe complications from
elevated glucose levels between the groups. It was conducted
to determine if administration of preoperative medication will
reduce the hyperglycemic response.
Preoperative sedative medication is administered to achieve one or
more of the following: sedation, amnesia, anxiolysis, pain control,
decreased intraoperative anesthetic requirements and prevention
of postoperative nausea and vomiting [12, 13, 26]. Kain et al.,
[13] described better psychological and pain recovery in patients
receiving midazolam premedication before outpatient surgery
under general anesthesia. However, the study did not measure the
stress hormone levels and could not comment on the mechanism
of post operative effects of midazolam.
We chose to measure perioperative glucose levels which are
a marker of metabolic response to surgical stress. Besides
demographic characteristics we compared data on variables that
would contribute to the level of stress in the perioperative period.
Preoperatively we recorded the level of anxiety. Chronic anxiety
is a predictor of both pre and post operative mood and fear as
demonstrated by Johnson et al., [27] All our patients completed
the State Trait Anxiety Inventory for Adults (STAI Form Y-1 and
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Y-2) pre-operatively to compare the current “state of anxiety”
and anxiety as a long-term personality trait. There were no
significant differences in the scores in the two groups indication
that the level of anxiety in both groups was similar. Intraoperative
dose of fentanyl, end tidal inhalation agent concentration and
BIS values were recorded in both groups to compare the level/
depth of anesthesia. Duration of surgery was recorded as Tan
et al., [28] have shown it to be a predictor for hyperglycemia.
We also collected information on antibiotic administration since
many times antibiotics are mixed in glucose containing solutions.
Amount of blood loss, which could modify stress response, was
also recorded [29]. In the PACU we recorded pain scores as pain
can enhance stress response. There were no differences between
the groups regarding these variable.
The reason for the lack of difference between the groups in
our study may be that the midazolam was given only 10 minutes
before entering the operating room. The anxiety and the resulting
stress may need to be blocked earlier, potentially the day before
surgery. The dose of midazolam given was 1-2.5 mg IV rather
than a mg/kg dose. The dose may not have been sufficient to
achieve significant reduction in anxiety. The level of anxiolysis
and sedation after the administration of the drug/placebo was
not documented. This may also have caused variability in the
level of stress reduction achieved. We did however find that the
percent increase in glucose levels was lower in the midazolam
group and the time to maximum glucose levels post induction
and post incision were longer in the midazolam group. This may
indicate some beneficial effects of the anxiolysis from midazolam
earlier in the case.
Our results, in context of previous work, suggest that it is
important to find techniques to control perioperative glucose
levels. The doses and timing of midazolam used in our protocol
were not sufficient to yield statistically significant differences
in glucose levels. While previous literature has demonstrated
some benefit to anxiolysis prior to surgery, our results suggest
that standard doses of midazolam are not sufficient to improve
intra-op blood glucose levels. More studies are needed to find
the best protocol to attenuate the hyperglycemic response in the
perioperative period.
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