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Background: Acute hyperglycemia in the perioperative period is associated with significantly increased complications. In few hu-
man studies the effects of propofol and inhalational anesthetic on the glucose metabolism were compared. In this study we evalu-
ated the effect of propofol and isoflurane on blood glucose during abdominal hysterectomy in diabetic patients. 
Methods: After approval by the Ethical Committee and written informed consent, thirty 35 to 65 years old diabetic women un-
derwent for elective abdominal hysterectomy under general anesthesia were studied in this randomized single blind clinical trial 
study. The plasma glucose was maintained at 100 to 180 mg/dL during the operation. Anesthesia protocol was similar in two 
groups except maintenance of anesthesia that was with infusion of propofol in the propofol group and with isoflurane in the iso-
flurane group. Blood glucose level and the rate of insulin intake during surgery compared between two groups.
Results: Mean blood glucose before induction of anesthesia did not have significant difference between two groups, but 60 and 90 
minutes after starting the operation blood glucose in the propofol group was significantly lower than isoflurane group. Also with 
using Repeated Measure test, two groups was significantly different according to blood glucose (P=0.045). Mean of administra-
tion of insulin during the surgery did not have significant difference between two groups by using repeated measure test and 
P=0.271. Also mean of bispectral index in different times during the surgery between two groups didn’t have significant difference 
(P=0.35 repeated measure test).
Conclusion: Blood glucose increased during maintenance of anesthesia with isoflurane compared to propofol during the surgery.
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INTRODUCTION

One of the most important metabolic reactions during surgery 
is resistance to insulin and hyperglycemia [1]. Hyperglycemia 
in the perioperative period is due to stress hormones such as epi-
nephrine, cortisol, and inflammatory mediators. Even short-
term Hyperglycemia causes immunosuppression and is associ-
ated with significantly increased infectious complications and 
patient mortality [2]. Acute hyperglycemia during surgery 
worsens prognosis even in the patients who had normal glu-

cose tolerance test [3,4]. The effect of surgical stress on the 
blood glucose during the surgery is more prominent in dia-
betic patients. Hyperglycemic reaction to the surgical stress is 
more during inhalation anesthesia. Some studies showed im-
paired glucose tolerance and hyperglycemia even without sur-
gical stress during isoflurane anesthesia [5,6]. In few human 
studies the effects of propofol and inhalational anesthetic on 
the glucose metabolism were compared [7,8]. In this study we 
evaluated the effect of propofol and isoflurane on concentra-
tion of plasma glucose during abdominal hysterectomy in dia-
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betic patients. 

METHODS

After approval by the Ethical Committee and written informed 
consent, 30 women were studied in this randomized single blind 
clinical trial study. Patients aged 35 to 65 years old with Ameri-
can Society of Anesthesia physical status II underwent for elec-
tive abdominal hysterectomy under general anesthesia were 
studied. The study was registered in the Iranian registry of clin-
ical trials (http://irct.ir); IRCT201203032963N5. Patients with 
Renal failure due to diabetic nephropathy, severe liver disease, 
ischemic heart disease, history of allergy to propofol or the pa-
tients who received any medications known to affect blood 
glucose or insulin release; i.e., steroids, β adrenergic blocking 
agents at least 1 week preoperatively were excluded from the 
study. All the patients received insulin before the surgery as 
plasma glucose at the night before the operation and fasting 
blood glucose in the morning were <200 mg/dL. All the pa-
tients received 2/3 of their neutral protamine Hagedorn and 
regular insulin at the night before the operation but they did 
not receive insulin in the morning of the operation day. Plasma 
glucose checked preoperatively and recorded, and then infu-
sion of glucose 5%+0.45% normal saline in the rate of 100 mL/
hr was started. Also regular insulin infused in the rate of 0.02 
IU/kg/hr during the surgery. Regulation of blood glucose was 
done based on the protocol in Table 1. This protocol is obtained 
from a national guideline for inpatient blood glucose control 
[9]. The rate of infusion of glucose 5%+0.45% normal saline 
was 100 mL/hr and the rate of infusion of regular insulin was 
based on the plasma glucose. The plasma glucose was main-

tained at 100 to 180 mg/dL during the operation. Blood glucose 
and the rate of insulin intake were checked before the induc-
tion of anesthesia, after surgical incision, and then every 30 
minutes during the operation. Blood glucose was checked by 
the glucometer (Accu-chek; Roche Diagnostics GmbH, Mannheim, 
Germany). Electrocardiograms, pulse oximetry, bispectral index 
(BIS), capnography, and noninvasive blood pressure monitored 
during surgery. All patients were premedicated with midazol-
am 2 mg, 30 minutes before the operation. Induction of anaes-
thesia was with propofol (2 mg/kg IV) and after administra-
tion of atracurium (0.5 mg/kg IV), laryngoscopy and tracheal 
intubation was performed. The patients assigned into one of 
the two groups according to random-number table. Mainte-
nance of anesthesia was with infusion of propofol (100 μg/kg/
min) in the propofol group (group P) and with isoflurane 0.5-
1 MAC (minimum alveolar concentration) in the isoflurane 
group (group I). Fentanyl (2 μg/kg IV) was administered two 
minutes before laryngoscopy and intubation. The 0.1 mg/kg 
morphine (IV) was injected to the patients after intubation of 
trachea. The patients received 50% N2O in oxygen (O2) during 
the operation. BIS was maintained between 40 to 60 during 
the operation. At the end of the operation residual neuromas-
cular blockade was reversed with neostigmine (0.04 mg/kg 
IV) and atropine (0.02 mg/kg IV). All data analyzed using 
SPSS version 15 (SPSS Inc., Chicago, IL, USA) and statistical 
tests. Blood glucose level, the rate of insulin intake compared 
between two groups by using t-test and repeated measure. 
P<0.05 was considered significant.

RESULTS

Thirty-eight patients entered in this study but eight of them 
were excluded and finally 30 patients were compared between 
two groups (15 patients in propofol group and 15 patients in 
isoflurane group).
 Mean age was 56.73±5.28 years in the propofol group and 
56.93±6.68 years in the isoflurane group (P=0.59). Mean weight 
for the propofol group was 69.46±11.88 and 75.73±13.20 kg for 
the isoflurane group (P=0.184). Two groups did not have sig-
nificant differences according to age and weight.
 Mean blood glucose before induction of anesthesia did not 
have significant difference between two groups, but 60 and 90 
minutes after starting the operation blood glucose in the pro-
pofol group was significantly lower than isoflurane group (Ta-
ble 2). Also with using repeated measure test, two groups was 

Table 1. The rate of infusion of insulin based on concentration 
of blood glucose

Variable

Blood sugar, 
   mg/dL

The rate of infusion of insulin

   <70 Stop infusion of insulin, administer 50 mL of glucose
   50%, and then check blood glucose every 30 minutes

   70–100 Continue infusion of insulin with the rate of 1/2 of
   previous rate

   100–180 Continue infusion of insulin with the previous rate

   >180 Continue infusion of insulin with adding 0.5 IU/hr
   of insulin for every 50 mg/dL increasing of blood 
   glucose above 180 mg/dL
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significantly different according to blood glucose at different 
times during the operation (P=0.045). Table 3 shows the differ-
ences between blood glucose at different times in comparison 
to the preoperative value in each group. In isoflurane group 
blood glucose increased significantly 60 and 90 minutes after 
starting the operation in comparison to preoperative value but 
in propofol group blood glucose didn’t change during the sur-
gery (Table 3). Mean administration of insulin during the sur-
gery was not significantly different between study groups (P= 
0.271). Also mean of BIS in different times during the surgery 
between had no significant difference (P=0.35). 

DISCUSSION

Results of present study showed that blood glucose increases 
during isoflurane anesthesia in the patients undergoing ab-
dominal hysterectomy but anesthesia with propofol maintain 
blood glucose without changing during the surgery.
 Increasing secretion of adrenaline, noradrenaline, and re-
sistance to insulin due to surgical stress causes hyperglycemia. 
Even short term hyperglycemia is associated with increasing 
infectious complications, exacerbation of inflammatory reac-
tions, and poor surgical outcome. The results of Turina et al. 
[2] study showed that monocyte human leukocyte antigens-
DR (HLA-DR) expression is correlated with infection and pa-
tients’ mortality. They showed that hyperglycemia during the 
surgery is associated with decreased monocyte HLA-DR ex-
pression and increasing infection and mortality in surgical pa-

tients [2]. Tanaka et al. [10] showed that insulin secretion and 
glucose utilization are impaired during isoflurane anesthesia 
even without surgical stress. Also hyperglycemia during crani-
otomy under isoflurane anesthesia was shown in Cok et al. 
[11] study. According to the results of the Lattermann et al. 
[12] study increased blood glucose during isoflurane anesthe-
sia is due to impaired glucose clearance and increased produc-
tion of glucose. In Diltoer and Camu [13] study, the effect of 
isoflurane anesthesia on glucose tolerance test was evaluated 
in two states of with or without surgical stress. This study con-
cluded that growth hormone and norepinephrine concentra-
tions increases and insulin secretion in response to hypergly-
cemia impaired during isoflurane anesthesia without surgical 
stress, but during surgery under isoflurane anesthesia cortisol, 
growth hormone, norepinephrine, and epinephrine concen-
trations increases and due to insulin resistance and/or increased 
production of glucose, glucose tolerance impaired more [13]. 
Akavipat et al. [14] study demonstrated that isoflurane causes 
hyperglycemia during surgery because of incomplete control 
of metabolic response to surgical stress during inhalation an-
esthesia by isoflurane.
 Tanaka et al. [15] evaluated the Mechanisms of impaired 
glucose tolerance and insulin secretion during isoflurane an-
esthesia. The results showed that isoflurane anesthesia impairs 
adenosine triphosphate-sensitive potassium channel activity 
in pancreatic β-cells; so secretion of insulin decreases and hy-
perglycemia occurs [15]. Schricker et al. [16] demonstrated that 

Table 2. Mean of blood glucose in different times in two groups

Time Blood glucose, mg/dL P value

In the preoperative
   room (FBS0)

Group Pa: 149.64±22.84
Group Ib: 146.27±23.03

0.787

Before induction of
   anesthesia (FBS1)

Group P: 137.28±22.05
Group I: 137.73±11.09

0.940

After skin incision (FBS2) Group P: 140.07±22.66
Group I: 134.60±13.48

0.370

The first 30 min (FBS3) Group P: 141.42±32.86
Group I: 142.60±19.23

0.929

The second 30 min 
   (FBS4)

Group P: 147.57±26.77
Group I: 173.93±25.09

0.011

The third 30 min (FBS5) Group P: 140.20±23.68
Group I: 173.40±19.96

<0.001

Values are presented as mean±standard deviation.
FBS, fasting blood sugar.
aGroup P: propofol, bGroup I: isoflurane.

Table 3. The differences of blood glucoses at different times in 
comparison to preoperative value in two groups

Time The differences of blood glucose P value

FBS1–FBS0 Group Pa: 11.26±14.30
Group Ib: 8.53±21.89

0.213
0.153

FBS2–FBS0 Group P: 7.86±18.21
Group I: 11.66±24.06

0.442
0.081

FBS3–FBS0 Group P: 6.80±36.18
Group I: 3.66±26.82

0.465
0.605

FBS4–FBS0 Group P: 2.07±37.72
Group I: 27.66±32.44

0.740
0.005

FBS5–FBS0 Group P: 4.90±51.92
Group I: 29.63±35.64

0.363
0.020

Values are presented as mean±standard deviation.
FBS, fasting blood sugar; FBS0, preoperative room; FBS1, before in-
duction of anesthesia; FBS2, after skin incision; FBS3, the first 30 
minutes; FBS4, the second 30 minutes; FBS5, the third 30 minutes.
aGroup P: propofol, bGroup I: isoflurane.
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enough analgesia with remifentanil or epidural analgesia can 
prevent hyperglycemia during the surgery. So it can be con-
cluded that hyperglycemia during inhalation anesthesia may 
be due to surgical pain and stimulation of sympathic system. 
The results of Baldini et al. [17] study confirm this concept as 
this study showed that the depth of anesthesia with desflurane 
has no effect on the blood glucose during the surgery and even 
deep anesthesia with desflurane doesn’t prevent hyperglyce-
mia. In fact the reason of hyperglycemia during surgery may 
be surgical pain and metabolic response to surgical stress that 
even deep anesthesia cannot block these responses, but with 
enough analgesia we can maintain blood glucose in normal 
limits and prevent hyperglycemia and its complications during 
perioperative period. The results of Lattermann et al. [18,19] 
studies confirm this concept too. In these studies epidural an-
algesia during general anesthesia could prevent hyperglycemia 
in the patients during the surgery. In another study Latter-
mann et al. [20] concluded that combined spinal-epidural 
technique can prevent hyperglycemia compared to general an-
esthesia in the patients undergoing surgery.
 In few human studies the effect of propofol on blood glucose 
during surgery was evaluated. Jeong et al. [21] studied on the 
effect of propofol and enflurane on blood glucose. This study 
showed that propofol maintains normoglycemia during sur-
gery compared to enflurane. Yasuda et al. [22] studied about 
insulin resistance during propofol anesthesia in rat. They con-
cluded that propofol induces systemic insulin resistance and 
decreased glucose uptake in skeletal and heart muscle. Also the 
results of this study showed that hepatic glucose output in-
creases during propofol anesthesia in rats [22]. In this study 
rats received propofol without opioids analgesics, but in Zuur-
bier et al. [23] study, anesthesia with combination of sufent-
anil-propofol-morphine in rats prevented hyperglycemia com-
paring to inhalation anesthesia. Differences in these two ani-
mal studies may be because of using opiods in the Zuurbier et 
al. [23] study. Kitamura et al. [7] evaluated the effect of propo-
fol on the glucose metabolism compared to sevoflurane in rats 
and concluded enough doses of propofol prevent hyperglyce-
mia in rats in comparison to sevoflurane. Also this study 
showed that adding buprenorphine to propofol prevents hy-
perglycemia if enough doses of propofol is not used in rat. In 
fact hyperglycemia could be prevented with using a potent an-
algesic with low dose propofol but it is not true about sevoflu-
rane. In another study, Kitamura et al. [8] compared concen-
tration of blood glucose during propofol and sevoflurane anes-

thesia. This study suggested the increased level of blood glu-
cose in sevoflurane anesthesia compared to anesthesia with 
propofol. This human study confirms our results in present 
study that the effect of propofol on glucose metabolism is less 
than inhalational anesthetics. Zhu et al. [24] study showed that 
propofol protects endothelial cells against hyperglycemia in-
duced insults. Ishii et al. [25] studied the mechanism of the 
protective effect of propofol on the cerebral cells during isch-
emia. This animal study showed that cerebral cell injury due to 
ischemia is exaggerated during hyperglycemia. This effect of 
hyperglycemia on the function of cerebral cells during ischemia 
is due to lactic acidosis and its effect on cellular mitochondria. 
The results of Ishii et al. [25] study showed that propofol pre-
vents lactic acidosis and its impacts on the cerebral cells. Pro-
pofol also decrease cerebral edema and cell injury after period 
of ischemia. Nakahata et al. [26] study concluded that hyper-
glycemia impairs on dilatation of cerebral arteriols and enough 
doses of propofol improve function of cerebral microvascula-
ture due to decreasing level of superoxides in the brain.
 This study is done on diabetic women were candidate for 
abdominal hysterectomy. Although by this way we tried to 
avoid gender bias but the results may be different in men or in 
other surgeries and further studies are necessary to confirm 
such efficacies among all diabetic patients and all surgeries.
 In conclusion the results of present study confirmed the 
other few human studies that propofol prevent increasing in 
blood glucose during the surgery in comparison to isoflurane 
anesthesia. According to the results of the present study and 
the other similar studies and the protective effects of propofol 
on the ischemic cerebral cells it is reasonable to use propofol 
for general anesthesia in diabetic patients. More clinical trials 
are needed to confirm this issue. 
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