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Stress Response to Propofol versus Isoflurane Anesthesia in
Patients Undergoing Gastric Surgery
Yan Wu1, Le Zhang2, Gang Yin1, Yishu Liu1 and Li Chen1

ABSTRACT
Objective: To compare the effects of propofol and isoflurane anesthesia on cortisol, insulin, and blood glucose levels
surrounding operation period in patients undergoing gastric surgery.
Study Design: An experimental study.
Place and Duration of Study: The Department of Anesthesiology, Hubei Cancer Hospital, Wuhan, China, from October
2016 to January 2018.
Methodology: A total of 86 patients, undergoing for gastric surgery, were divided randomly into propofol group and
isoflurane group with 43 cases in each group. Propofol group used total intravenous anesthesia of propofol and isoflurane
group used total intravenous anesthesia of isoflurane. Operation time, serum cortisol, insulin, and blood glucose levels
were compared at 5 minutes before anesthesia (T1), 1-hour after anesthesia (T2), 1-hour after the operation (T3) and 48
hours after operation (T4).
Results: There was no significant difference in operation time between two groups (p=0.642). At T 1, there were no
significant differences in level of serum cortisol, blood glucose, and insulin between two groups (p=0.644, 0.534 and 0.913,
respectively). At T2, T3, T4, serum cortisol and blood glucose in propofol group were having less increasing pattern, and
were lower than those in isoflurane group (all p<0.001), while insulin levels in propofol group were higher than those in
isoflurane group (all p<0.001).
Conclusion: Propofol can promote the secretion of insulin during radical gastrectomy, and inhibit the excessive secretion
of cortisol and hyperglycemia. Either propofol or sevoflurane, to certain extent, can affect patients' stress response when
they are applied in patients undergoing for gastric surgery. However, the influence of propofol on stress response is
relatively smaller.
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INTRODUCTION
Surgery is the principal treatment of gastric cancer.
However, under the stress effect of operation, the
immune system of tumor patients is vulnerable to
serious effects, which leads to a decrease in patients'
own immunity, and influence the postoperative survival
rate.1 Upper abdominal and chest surgery often lead to
hyperglycemia, insulin resistance, accompanied by
increased levels of stress hormones such as cortisol and
catecholamine.2 Postoperative insulin resistance (IR)
refers to a patient who is in a special metabolic state
similar to type II diabetes after the operation; and whose
biological response to insulin is weaker than normal. 3
Insulin resistance is very common after operation, but
severe insulin resistance changes the body supply from
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sugar to fat, which affects the postoperative recovery of
patient.4 Postoperative insulin resistance is linked to the
degree of surgical trauma and the intensity of
stimulation. It is part of the indicators to reflect the
degree of surgical trauma.5 In recent years, more and
more attention is drawn to the changes in insulin
secretion and glucose metabolism disorders induced by
stress response, as well as the specific actions of
glucocorticoid in stress response.6
Propofol is a general anesthetic widely used in clinical
practice. One study showed that the influence of propofol
on cognitive function is relatively smaller, comparing with
sevoflurane.7 Schoen et al. revealed that strong fastest
recovery of cognitive performance appears after
propofol anesthesia, then follows sevoflurane based
anesthesia, and after that isoflurane anesthesia.8 But
there are few reports about its effect on preoperative
glucose metabolism and cortisol in patients with radical
operation for carcinoma of stomach. Isoflurane is an
important inhalational anaesthetic agent available in
the market.9
The objective of this study was to compare the effects of
propofol and isoflurane anesthesia on cortisol, insulin,
and blood glucose levels surrounding operation period in
patients undergoing gastric surgery.
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METHODOLOGY
This study was conducted in the Department of
Anesthesiology, Hubei Cancer Hospital, Wuhan, China,
from October 2016 to January 2018. Selected were
patients undergoing gastric surgery as study subjects.
The study was approved by the Hospital Ethical and
Research Committee, and all the patients signed the
informed consents. Inclusion criteria were patients who
were diagnosed and confirmed as gastric carcinoma by
clinical and pathological examination; did not use
preoperative radiotherapy, chemotherapy or immunosuppressive drugs; non-diabetic and hypertensive
patients; having no history of analgesics, sedatives or
hormone drugs. Exclusion criteria were patients with
gastric diseases such as gastric polyps, superficial
gastritis, hypertrophic gastritis, and gastric ulcers;
associated with malignant neoplasms or severe heart,
liver and kidney dysfunction. A total of 86 patients were
randomly divided into propofol group and isoflurane
group with 43 cases in each group.
All patients were given 1~2 mg of estazolam tablet 2 hours
before operation. Continuous monitoring of the patients'
blood pressure (BP), heart rate (HR), electrocardiogram
(ECG), oxygen saturation (SpO2) and end-expiratory
carbon dioxide partial pressure (ETCO2) were done after
entering the operating room with a multifunctional
monitor. The patient underwent a right internal jugular
vein puncture under local anesthesia and a double vena
cava catheter was placed to obtain blood samples,
anesthesia induction and maintenance, and intraoperative infusion. Both groups were treated with the
same method for general anesthesia induction. Patients
were given oxygen for 2-4 minutes, slowly intravenously
injected midazolam 0.1-0.15 mg/Kg, injected 0.1 mg/kg
of vecuronium after falling asleep, assisted, controlled
breathing, followed by fentanyl 4-5 g/kg, tracheal
intubation after four minutes, mechanical ventilation by
anaesthesia machine, with breathing frequency at 10-14
times/minutes, tidal volume of 8-10 ml/kg, and oxygen
flow at 2.0 L/min. Patients in propofol group accepted
continuous infusion of propofol at a speed of 4-6mg/kg
per hour by microinfusion pump; the patients continued
to inhale 1.5- 2.0% isoflurane, all patients were given
intravenously fentanyl 0.05-0.1 mg and vecuronium 2-4

mg in accordance with changes in HR, BP and muscle
relaxation in the operation period, maintaining the SpO2
at 100% and ETCO2 between 30-35 mmHg. Ten to
fifteen minutes before the end of operation, 1-2 mg of
neostigmine and 0.5 mg of atropine were given to
antagonise the residual effect of muscle relaxant.
Mechanical ventilation was stopped after the patients
had recovered spontaneous respiration, and the
respiratory secretion and the tracheal catheter were
removed when tidal volume met the standard,
swallowing reflex was recovered, and conscious
awareness and SpO2 exceeding 98% in natural state.
Intravenous analgesia pump was connected and
fentanyl for patient-controlled analgesia was used at the
end of operation. Since then, the patient was sent back
to the monitor unit.
Operation time, serum cortisol and insulin, and blood
glucose level were compared at five minutes before
anesthesia (T1), 1-hour after anesthesia (T2), 1-hour
after the operation (T3) and 48 hours after operation (T4).
Data were analysed and processed by SPSS version 22.
The measurement data were expressed by mean ±
standard deviation, and the two groups were compared
by independent sample t-test, and p <0.05, the difference,
was statistically significant.

RESULTS
There were 46 (53.49%) males and 40 (46.51%)
females. They were aged 48-73 years, average age
being 56.32 ±2.75 years; weighting 49-66 kgs, average
weight being 57.15 ±1.92 kgs. Thirty-four (39.53%) cases
belonged to ASA I, and 52 (60.47%) cases to ASA II.
Operation time in propofol group was 136.83 ±17.32
minutes,and operation time in isoflurane group was
138.51 ±16.07 minutes. There was no significant
difference in operation time between two groups
(p=0.642). With prolongation of the time of anesthesia
and operation, the serum cortisol content in both groups
increased gradually, and finally reached its peak at T3.
Afterwards, it decreased gradually. At T1, there were no
significant differences in serum cortisol levels between
two groups (p=0.644). At T2, T3, and T4, serum cortisol in
the propofol group was increased less and was lower
than that in isoflurane group (all p<0.001, Table I).

Table I: Comparison of the cortisol levels between the two groups in operation period (ng/mL).
Groups

n

T1

T2

T3

T4

Mean ±SD

p-value

Mean ±SD

p-value

Mean ±SD

p-value

Mean ±SD

p-value

0.644

390.42 ±39.04

<0.001

462.95 ±58.55

<0.001

303.45 ±34.16

<0.001

Propofol group

43

312.54 ±19.52

Isoflurane group

43

314.75 ±24.40

453.48 ±48.80

531.14 ±63.43

398.86 ±57.74

Table II: Comparison of the level of blood glucose in operation period between the two groups (mmol/L).
Groups

n

T1

T3

T4

p-value

Mean ±SD

p-value

Mean ±SD

p-value

Mean ±SD

p-value

0.534

6.03 ±0.39

<0.001

7.45 ±0.15

<0.001

4.78 ±0.46

<0.001

Propofol group

43

4.74 ±0.34

Isoflurane group

43

4.78 ±0.24
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T2

Mean ±SD

8.25 ±0.40

9.39 ±0.35

6.01 ±0.49
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Table III: Comparison of the level of insulin in operation period between the two groups (IU/mL).
Groups

n

T1

T2

T3

T4

Mean ±SD

p-value

Mean ±SD

p-value

Mean ±SD

p-value

Mean ±SD

p-value

0.913

8.87 ±0.59

<0.001

7.01 ±0.98

<0.001

10.74 ±0.51

<0.001

Propofol group

43

11.18 ±0.68

Isoflurane group

43

11.20 ±0.45

7.43 ±0.58

For patients in both groups, with the prolongation of
anesthesia and surgery, the blood glucose gradually
increased and the insulin gradually decreased. At T1,
there were no significant difference in the level of blood
glucose and insulin between two groups (p=0.534 and
0.913, respectively). At T2, T3, and T4, level of blood
glucose in propofol group was less rise and the level
was lower than that in isoflurane group (all p<0.001);
insulin levels in propofol group were higher than those in
isoflurane group (all p<0.001, Table II and Table III).

DISCUSSION
In clinic, surgery anesthesia and stimulation of extubation
of tracheal catheter and sucking sputum of oropharynx
can increase the secretion of aldosterone, angiotensin,
renin, cortisol, catecholamine and so on. It is possible to
cause stress reaction in patients, which is unfavorable to
the operation when the level of above substances is
exceeded.10 A study showed that the surgical stress has
been present in gastric carcinoma surgery.11 Moriwaki
et al. indicated that surgical stress associated with
palliative resection for patients with incurable gastric
cancer with distant metastasis may shorten their
survival.12
Propofol and isoflurane are common anesthetic
agents.13 Propofol has obvious lipophilic properties. It
can rapidly reach the central nervous system and the
surrounding tissue ion channels and carry out rapid
distribution through the vein into the blood and it can
reach the high peak of blood concentration in two
minutes. Its pharmacokinetics is relatively stable; the
concentration of blood drops rapidly and wakes up
quickly after stopping the administration.14 Some studies
have reported that the use of propofol significantly
reduces postoperative pain after an open radical
gastrectomy procedure.15 Isoflurane is an inhaled
anesthetic. This kind of drug quickly enters the blood to
achieve balance after inhalation, and has no inhibition
on respiration. Most of the drugs pass through the lungs,
so patients can wake up faster.16
According to a study, surgery under isoflurane anesthesia
induces acute neuroinflammation in the early postoperative period along with related trace and context
memory dysfunction.17
Cortisol is a type of glucocorticoid secreted by the upper
cortical tract of kidney. It is a significant index to evaluate
the severity of stress response and has high sensitivity.
Both external and internal adverse stimuli can lead to

5.65 ±0.78

9.52 ±0.36

an increase in serum cortisol levels, which are closely
linked to stress response, duration and intensity of
stimulation. The longer of the stimulus duration, the
greater of the intensity, and the higher of the serum
cortisol level, the most acute of the body stress
response.18,19 This research has found that with the
prolongation of anesthesia and operation time, the
serum cortisol content in both groups gradually
increased, reached its peak at T3 time point, and then
decreased gradually. It suggests that under the
stimulation of operation and anesthesia, the patients in
the two groups have an obvious stress response. This is
due to the fact that during the course of the operation,
the hypothalamus appears the stress reaction to cause
the adrenal hormone concentration to rise, the
glucocorticoid is secreted in large quantities, thus
promotes the liver glycogen to decompose, the
glycometabolism increases.20 At T1, there is no
significant difference between the two groups of serum
cortisol levels. At T2, T3, T4, serum cortisol in the propofol
group having less increasing pattern, and was lower
than that in isoflurane group. It is suggested that
propofol can effectively relieve stress response in
patients, and its mechanism may be propofol acting on
the c-fos gene of the central nervous system and
inhibiting its expression, thereby inhibiting the activity of
the hypothalamus pituitary adrenal axis, and relieving
the stress response.
The concentration of blood glucose is mainly regulated
by glucose secreted by  cells and insulin secreted by
 cells. However, the glucose can increase the level of
blood glucose while insulin can increase glycogen
synthesis and storage by increasing glucose-to-cells
transport, and inhibit glycogen decomposition and
gluconeogenesis, thus reducing blood glucose level.21
Besides, the blood glucose is used as the effect of
surgical stress response, which shows indirectly the
intensity of stress response.22 The authors found that
there was increasing pattern in both propofol group and
isoflurane group for blood glucose, but it was less than
isoflurane. Insulin is generated from the schizolytic
molecule of proinsulin, which is used for reflecting  cells
secretion function of organism. The authors found that,
compared with isoflurane, the propofol will significantly
improve the secretion function of islet  cells for patients
during operation, while increasing insulin secretion and
inhibited hyperglycemia during the operation.Thus, it
can be seen that stress response to surgery will be less
in propofol group as compared to isoflurane group.
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CONCLUSION
Propofol can promote the secretion of insulin during
radical gastrectomy, and inhibit the excessive secretion
of cortisol and hyperglycemia. Either propofol or
sevoflurane, to certain extent, can affect patients' stress
response when they are applied in patients undergoing
gastric surgery. However, the influence of propofol on
stress response is relatively smaller.
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