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Abstract

Background: Perioperative glycemic control is an important factor in the clinical management of a patient with diabetes mellitus
under surgery. Poorly controlled long-term hyperglycemia not only predisposes individuals to systemic complications of diabetes
mellitus and cardiovascular morbidity but also increases the risk of anesthesia and weakens the outcome of the surgery. Given the
importance of the issue and the limited studies on glucose control using insulin glargine during surgery, we aimed to investigate the
effects of glargine on glucose control in patients with diabetes mellitus during vitrectomy surgery.

Methods: This randomized, double-blind trial was conducted in two groups of 35 patients with diabetes mellitus under treatment
with insulin. In the control group, the patients received regular insulin based on the blood glucose and the sliding scale, and in the
intervention group, they received insulin glargine (0.3 unit/kg) before surgery. From the start of the operation up to 3 hours of the
surgery blood glucose of the patients was measured every 45 minutes and once 6 hours after the operation, and if needed, the regular
insulin was injected. Data were analyzed using SPSS 16. Frequency, percentage, mean, and standard deviation (SD) were used to
describe the data. To compare the quantitative variables, the independent t-test or U-Mann-Whitney test was used. For comparison of
the qualitative variables, Chi-square test or Fischer's exact test and repeated measure ANOVA was emiployed. The significance level
(P-value) was considered as p<0.05.

Results: Use of insulin glargine was associated with significantly lower blood glucose levels compared to regular insulin at 90-
minutes (p=0.004), 135 minutes (p=0.001), and 6 hours after the operation (p=0.005).

Conclusion: Glycemic control using glargine compared to regular insulin has a better performance with less need for surplus insulin
dose administration during surgery.
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Introduction
Currently, 11.3% of people over the age of 20 in the  United States suf fer from diabetes mellitus (DM), and the
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— What this article adds:
Controlling the perioperative blood sugar using glargine was
more efficient and with less need for an extra dosage of regular
insulin during and after surgery, and it can be used to control
the perioperative blood glucose levels as well.
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prevalence of this disease is on the rise. Based on the
World Health Organization (WHO) estimates, there will
be 300 million patients with DM by the year 2025 (1).
Type 2 DM is a systemic and progressive disease. The
progressive nature of type 2 DM means that patients need
different types of treatment at different stages of the dis-
ease (Diet , exercise, oral hypoglycemic agents , and insu-
lin therapy). Although Neutral Protamine Hagedorn
(NPH) insulin is the basis for basal replacement therapys, it
requires several daily doses due to the length of effect of
fewer than 24 hours and is associated with a higher risk of
overnight hypoglycemia compared to glargine due to un-
wanted peaks in plasma insulin. The objective of exoge-
nous insulin is to control blood glucose and maintain gly-
cated hemoglobin (HbAlc), fasting plasma glucose (FPQG)
test, and postprandial plasma glucose (PPG) levels close
to normal values to prevent or delay microvascular and
macrovascular complications (2). Insulin glargine is a
recombinant human insulin analog obtained through DNA
technology using non-pathogenic Ecoli. This molecule is
soluble in slightly acidic conditions (pH = 4), which is
why the absorption of this insulin is delayed and provides
the base insulin requirement without a peak at insulin lev-
el for approximately 24 hours. The use of glargine is a
once-daily subcutaneous injection that has been shown to
control glucose levels in adults and children over 6 years
of age with type 1 DM and adults with type 2 DM. The
low rate of glargine absorption results in a constant plas-
ma level within 24 hours and the use of this insulin have
been satisfactory in most of the patients with types 1 and 2
DM (3, 4).

Patients with DM usually suffer from major organ dys-
function due to systemic vascular disorders. Thus, in pa-
tients with DM, it seems that the rate of postoperative
complications and poor prognosis are higher in compari-
son with patients without DM (5) . According to studies,
patients with DM are more likely to undergo surgery, and
DM is the most common endocrine disease anesthesiolo-
gist deals with (6, 7). Several observational and interven-
tional studies have shown that hyperglycemia is accompa-
nied by increased mortality risk, morbidity after major
surgery, especially cardiac surgery, dehydration, electro-
lyte impairment and delay in wound and infection healing,
postoperative inflammation, hospital stay prolongation,
cardiac complications, and acute renal failure (secondary
to increased oxidative stress in xanthine path and urinary
excretion of inflammatory cytokine among patients with
and without DM) after surgery (8-12). Van den et al.
showed that accurate glycemic control in the range of 80-
110 mg/dl was effective in reducing short-term mortality
(30 days), sepsis reduction, surgery site infections, atrial
fibrillation, and acute kidney injury after surgery, espe-
cially in cardiac surgery groups, albeit a higher chance of
hypoglycemia (< 70 mg/dl) (13).

Taking into account the importance of the issue and the
limited studies on glycemic control using insulin glargine
during surgery, and the lack of a similar study in Iran, we
aimed to investigate the effect of glargine on glucose con-
trol in patients with DM during vitrectomy surgery.
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Methods

This study was a randomized, double-blind controlled
trial. The patients for the study were chosen from the pa-
tients with type 2 DM under treatment with insulin who
were referred to Rasool Akram Hospital, Tehran, Iran.
The study inclusion criteria were: candidate for vitrecto-
my, aged 30-70 years, history of type 2 DM for more than
3 months, under insulin therapy, and New York heart as-
sociation (NYHA) activity class 1 or 2. Similarly, the ex-
clusion criteria included patient’s unwillingness or lack of
satisfaction as well as lack of adequate understanding of
the study objective, a history of diabetic ketoacidosis, se-
rum creatinine above 2 mg/dL, hepatic failure, pregnancy,
patients with mental disorders who could not provide in-
formation or consent, taking corticosteroids, infection and
sepsis, body mass index (BMI) > 35 kg/m’, fasting capil-
lary blood glucose (FCG) below 150 mg/dl or above 300
mg/dl.

At the beginning of the study, written consent was ob-
tained from all patients after giving complete explana-
tions. The trial was registered in the ethics committee of
Iran University of Medical Sciences with the code
IR.IUMS.FMD.REC1396.9411174022 and in IRAN Clin-
ical Registry with the code IRCT20141127020112N8
code.

The sample size was calculated using G*Power , with
an alpha of 0.05 and power of 80%. Patients were ran-
domly assigned to one of the groups receiving glargine
(intervention) or receiving the regular insulin (control) to
complete the sample volume using a computerized ran-
dom number table.

All long-acting oral agents and insulin of the patient
were stopped at night before surgery. On the morning of
the operation day, the blood sample was checked for fast-
ing blood glucose and recorded. On the entrance of the
operating room, demographic information (age, sex),
weight, height, body mass index(BMI), NYHA function
class, associated illnesses, lab tests (creatinine, BUN, he-
moglobin, sodium, potassium, and HbA1C) were entered
into the prepared sheets and glucose of the eligible pa-
tients were checked with a glucometer (CHEK, TD-4230
LEVER) and according to the group number, at least two
hours before the start of the operation, a number of the
patients received insulin glargine (100 units/ml, Lantus
solostar) as 0.3 units per kilogram of body weight subcu-
taneously. Moreover, the other group received regular
insulin (HumulinN, Lily) subcutaneously at least 30
minutes before surgery based on capillary glucose and on
the basis of the insulin protocol by sliding scale (14) and
regardless of the amount of insulin used before the opera-
tion. The dosage of insulin was recorded and it was ex-
plained to the patients that insulin injections would be
carried out in their arm, but the patient did not see the type
of insulin syringe during the injection. Before the start of
anesthesia, a capillary blood glucose sample was checked
and recorded. After standard monitoring, patients under-
went pre-oxygenation followed by general anesthesia with
fentanyl 2 pg/kg, midazolam 15 pg/kg of body weight,
and as induction of propofol 1.2-2 mg, and cisatracurium
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Table 1. Regular insulin protocol

Blood Glucose level (mg/dl) Human Insulin (IU) Additional Action Requested

0-80 1 Ampule D50, Call a physician

81-100 0 No action

101-150 0 No action

151-200 2 No action

201-250 4 No action

251-300 6 No action

301-350 8 No action

351-400 10 No action
>401 12 Call physician

0.2 mg/kg of body weight, and were intubated with the
PVC endotracheal tube and received propofol mainte-
nance as 100 pg/kg of body weight per minute. After the
initiation of surgery, the capillary blood glucose, along
with the vital signs, were checked and recorded every 45
minutes. In case of hypoglycemia or sweating, the blood
glucose was checked again and in case of the values of
under 70 mg/dl, 50 milliliters infusion of 50% dextrose
was administered for the patient, and in both groups, in
the event of blood glucose levels above 200 mg/dl, the
patient received intravenous regular insulin as the follow-
ing Table 1.

At the end of the surgery, a venous blood sample was
taken to measure potassium, and patients were extubated
by receiving neostigmine 0.04 mg/kg and atropine 0.02
mg/kg of body weight, and transferred to the Post-
anesthesia Care Unit (PACU) and were monitored for
hypoglycemia symptoms. It should be noted that the anes-
thesiologist that was responsible for collecting infor-
mation and checking blood glucose and insulin injections
was not aware of the patient group during anesthesia and

surgery six hours after surgery, blood capillary glucose
was measured and, if needed, insulin was injected. All
measurements of blood glucose levels, the incidence of
hypoglycemia, the required dose of regular insulin and the
duration of surgery were inserted in the relevant sheets.

The collected data were analyzed using SPSS 16. Fre-
quency, percentage, mean, and standard deviation (SD)
were used to describe the data. To compare the quantita-
tive variables, the independent t-test or U-Mann-Whitney
test was used. For comparison of the qualitative variables,
Chi-square test or Fischer's exact test and repeated meas-
ure ANOVA was employed. The significance level (P-
value) was considered as p<0.05 in all tests.

Results

The samples were randomly divided into two groups of
35 (Consort diagram is shown in Figure 1).

The mean age of the patients in the group receiving reg-
ular insulin was 58.77£10.28 years, with the lowest and
highest age in this group as 32 and 69 years, respectively.
In addition, in patients receiving insulin glargine (Lan-

Excluded (n = 10)

A. Patients who were not willing to participate in the
study (n=7) ~

B. Patients who were not prepared to participate in the
study (n=3)

Patients

(n=100)

Excluded (n = 20)

Lack of capillary blood glucose within the desired |
range in the operating room

Assessment for eligibility (n = 90)

/

Random division of patients into two
groups (n = 70)

/ N

Control group (n = 35)

Intervention group (n = 35)

|

|

Statistical analysis (n = 35)

Statistical analysis (n = 35)

Fig. 1. Consort diagram
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thus), the mean age of the patients was 58.17+11.33 years,
with the highest and lowest age as respectively 70 and 38
years. There was no significant difference between the
two groups in terms of age (p=0.817).

Of the 35 patients in the regular insulin group, 22
(62.9%) and 13 (37.1%) were men and women, respec-
tively. In patients of the insulin glargine (Lanthus) group,
19 (54.3%) and 16 (45.7%) patients were men and wom-
en, respectively, and there was no significant difference
between the two groups (p=0.469) (Table 2).

Table 3 demonstrates the experimental results of pa-
tients in the two groups. The duration of the surgery in the
regular and glargine insulin groups was 3.184+0.40 and
3.374£0.60 hours, respectively (p=0.17). Table 3 indicates

Table 2. Demographic characteristics of patients

the mean blood glucose in patients before surgery (in the
operating room), and at 45, 90, 135, and 180 minutes after
starting surgery, and blood glucose of the patients 6 hours
after surgery, which indicates that the blood glucose of
patients at 90 (p=0.004) and 135 minutes after starting the
surgery (p=0.001) and 6 hours after the surgery (p=0.005)
were significantly different.

None of the patients in both regular and glargine (lan-
thus) insulin groups experienced hypoglycemia during
surgery and 6 hours after the end of the surgery.

Tables 4 and 5 demonstrate the amount of regular insu-
lin required in the patients in both groups at 45, 90, 135,
and 180 minutes after starting the surgery and 6 hours
after the end of the surgery. 6 hours after the end of the

Variable Patients receiving regular insulin, N=35 Patients receiving insullin glargine, N=35 p

Age (year) 58.17 +10.28 58.17+11.32 0.817
Sex Men 22 (62.9%) Men 19 (54.3%) 0.460

Women 13 (37.1%) Women 16 (45.7%)

Height (cm) 160.94 + 8.90 162.91 + 9.24 0.369
Weight (kg) 64.57 +11.69 68.43 +10.44 0.150
Body mass index (BMI) 24.84 +3.34 2581 £3.57 0.244
Duration of DM (year) 8.90+3.93 7.40 £ 4.60 0.147
Amount of insulin consumed (unit/day) 16.20 £10.30 18.29 £9.20 0.376
Hypertension 15 (42.9%) 18 (51.4%) 0.470
Ischemic heart disease 5 (14.3%) 8 (22.9%) 0.350
Pulmonary disease 7 (20%) 4 (11.4%) 0.320

Table 3. Experimental results of patients in the groups

variable

Patients receiving regular insulin Patients receiving insulin glargine p
Hemoglobin (g/dl) 13.12+1.45 11.8+2.56 0.120
Sodium (meq/L) 138.32 £5.40 135.29 #3.70 0.090
Potassium (meq/L) Before operation 3.6 + 1.05 3.5#1.08 0.320
After operation 3.3 £ 0.94 3.33 #0.78 0.770
BUN (mg/dl) 28.90 #7.50 2531 £7.64 0.910
Creatinine (mg/dl) 1.01 20.74 1.30 #0.82 0.080
Glycated hemoglobin(HbA1c) (%) 7.20 #0.37 7.40 0.54 0.145
Table 4. Comparison of blood glucose levels in two groups at different times during the study
Variable Patients receiving regular insulin Patients receiving insulin glargine p
Blood glucose in recovery 219.66 + 54.04 mg/dl 216.60 =+ 57.36 mg/dl 0.819
Blood glucose before surgery 204.51 £ 43.63 mg/dl 199.91 + 53.21 mg/dl 0.700
45-minute blood glucose 191.54 £ 41.69 mg/dl 187.66 + 44.51 mg/dl 0.700
90-minute blood glucose 182.71 £33.12 mg/dl 159.89 £ 30.33 mg/dl 0.004
135-minute blood glucose 172.49 + 23.30 mg/dl 147.43 £ 21.96 mg/dl 0.001
180-minute blood glucose 167.37 £ 21.57 mg/dl 158.09 =+ 28.08 mg/dl 0.067
Blood glucose 6 hours after the end of surgery 183.26 £+ 30.72 mg/dl 164.09 = 28.11 mg/dl 0.005
Table 5. Rate of insulin received in both groups in the study
Time to receive regular insulin Regular insulin dose Group receiving regular Group receiving insulin P
received insulin glargine
45 minutes after starting surgery 0 units 22 patients (62.8%) 21 patients (60.0%)
4 units 7 patients (20.0%) 11 patients (31.4%) 0.84
6 units 6 patients (17.1%) 3 patients (8.6%)
90 minutes after starting surgery 0 units 28 patients (80.0%) 30 patients (85.7%)
4 units 4 patients (11.4%) 5 patients (14.3%) 0.34
6 units 3 patients (8.6%) -
135 minutes after starting surgery 0 units 29 patients (82.9%) 34 patients (97.1%)
4 units 6 patients (17.1%) 1 patients (2.9%) 0.047
6 units - -
180 minutes after starting surgery 0 units 32 patients (91.4%) 34 patients (97.1%)
4 units 3 patients (8.6%) 1 patient (2.9%) 0.34
6 units - -
6 hours after the end of surgery 0 units 11 patients (31.4%) 21 patients (60.0%) 0.005
2 units 12 patients (34.3%) 10 patients (28.6%)
4 units 11 patients (31.4%) 4 patients (11.4%)
6 units 1 patient (2.9%) -
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surgery and 135 minutes after starting surgery, regular
insulin requirement during surgical procedure was signifi-
cantly different from the group receiving insulin glargine
(lanthus) (p=0.047, p=0.005).

The blood glucose variation along the time was com-
pared by repeated measurement test as shown in Figure 2,
where all of the 6-time variables was brought together.
Figure 3 is based on the time of the blood glucose assess-
ment between two groups and the time variables are
shown separately by repeated measurement test. Results
of the analysis of the repeated measurements showed that

-

Blood Glucose

the use of insulin glargine was significantly more effective
than regular insulin in the glycemic control among pa-
tients during eye surgery up to 6 hours after surgery (Fig.
2) (p=0.001).

Discussion

The results of this study indicated that the use of insulin
glargine was significantly better than regular insulin in
controlling the blood glucose in patients during eye sur-
gery and up to 6 hours after surgery. In addition, the re-
sults showed that the blood glucose of patients 90 and 135

group
e gl
artus

1.: Begnning of surgery
2.45mm

3.90mm

4135mm

510 mm

6. 6 hours after surgery

Time

Fig. 2. Blood glucose variation in the two groups (repeated measures ANOVA)
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Fig. 3. Blood glucose in separate times
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minutes after starting the surgery and 6 hours after the
surgery were significantly different. None of the patients
in the regular and glargine (Lanthus) group insulin experi-
enced hypoglycemia during surgery and 6 hours after the
surgery. 6 hours after surgery and 135 minutes after the
start of surgery, the insulin requirement in the glargine
(lanthus) group was significantly lower. Therefore, gly-
cemic control in patients receiving glargine was better
than those receiving regular insulin and the need for regu-
lar insulin doses after surgery was much lower.

In a study by Kang H et al. in femoral artery bypass to
the popliteal artery and administration of insulin glargine
at a rate of two-thirds of the total daily insulin dose, no
case of hypoglycemia was reported (6). In the study by
Aggarwal et al. on glycemic control (insulin infusion or
receiving insulin glargine) in patients undergoing heart
surgery during ICU admission, at a dose of 0.15 unit/kg
(less than the dose used in the present study), no hypogly-
cemic event was reported (15). In the study by Silinskie et
al., although hypoglycemia occurred in patients receiving
regular and glargine insulin, it was similar in both groups
(4). Nevertheless, hypoglycemia was reported in the study
by Hagelberg et al. in patients receiving regular insulin
(9), and in the study by Guillermo et al., hypoglycemia
was more common in patients receiving glargine (7). De-
spite these studies, based on the results of the current
study, hypoglycemia was not observed in any of the pa-
tients in the two groups. None of the patients in both regu-
lar and insulin glargine (lanthus) groups experienced hy-
poglycemia during surgery and 6 hours after the end of
surgery. These inconsistencies necessitate more accurate
investigations focusing on hypoglycemia in the future.

In a study by G Hemang et al. among patients undergo-
ing coronary artery bypass graft (CABG) surgery (com-
parison of insulin infusion and glargine receiving with 1
unit/kg before surgery), it was found that glucose control
was better in the glargine group and the need for insulin
was reduced during and after the operation. The higher
dosage of insulin glargine could be involved in better re-
sults in this study in comparison to the present study (1).
In the study by Aggarwal, which compared the two regu-
lar and glargine insulin, it was found that the mean glu-
cose level was lower in the glargine group, but the differ-
ence was not significant. It should be noted that this study
was performed in the postoperative period; however the
current study was conducted during surgery and up to 6
hours after the operation (15). The results of the study by
Rys et al. revealed that glargine provided insulin delivery
with minimal fluctuation in the insulin levels and activity,
and replaced insulin without a peak effect and regardless
of the meal, and it was more effective in controlling blood
glucose and lowering the risk of hypoglycemia (16).
Based on the results of this study, it was also found that
the use of insulin glargine was preferable in controlling
the blood sugar of patients undergoing surgery.

In a few studies, investigation of the effect of glargine
administration immediately after cardiac surgery has
shown that the average daily glucose level in the glargine
group was lower than that of the regular group and also
reduced the burden of nursing without hypoglycemia (15,

http://mjiri.ilums.ac.ir
Med J Islam Repub Iran. 2021 (6 Mar); 35:31.

6

17); in the present study, differences were not significant
immediately after surgery.

The main limitation of the present study was the use of
the sliding scale protocol to control the perioperative
blood sugar level, despite the greater use of insulin infu-
sion in controlling blood glucose, which can be due in part
to a minor surgical procedure and lack of high fluctuations
in blood sugar during operation.

Conclusion

It can be generally concluded that in blood glucose level
above 150mg/dl in patients with DM undergoing vitrec-
tomy, controlling the perioperative blood sugar using
glargine was more efficient and with less need for an extra
dosage of regular insulin during and after surgery, and it
can be used to control the perioperative blood glucose
levels as well.

Given the results of this study, it is suggested that stud-
ies be carried out on the use of glargine in patients admit-
ted to ICU and also with doses higher than 0.3 units/kg
during surgery. Similarly, more research is needed to as-
sess the risk of hypoglycemia.
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