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INTRODUCTION 

CARBOHYDRATE METABOLISM and plasma levels of growth hormones (GH) and 
insulin are influenced differently by different volatile anaesthetic drugs. 1-s The 
present study was undertaken to investigate the effects of isoflurane anaesthesia 
and surgery on plasma concentrations of GH, insulin, glucose and eortisol to 
determine their influence on carbohydrate metabolism. 

METHODS 

Nine male patients ranging in age from 25 to 56 years were the subjects of the 
study (Table I). No patients were included who had hepatic, renal, endocrine, or 
cardiovascular disease. They were all premedicated with pentobarbitone 100 mg 
and atropine 0.5 mg intramuscularly one hour before anaesthesia. Denitrogenation 
was carried out for ten minutes using 100 per cent oxygen. 

Anaesthesia was induced with intravenous thiopentone 3-5 mg/kg, and tracheal 
intubation was performed after intravenous administration of succinylcholine 100 
rag. Liquid isoflurane was injected from a 20 ml gas-tight Hamilton syringe into a 
leak-free closed circle system with carbon dioxide absorption. The injection was 
made by a variable speed syringe pump which was controlled by a Data-Trak 
curve follower (Dose Regulated Anesthesia, Mark II, Quan. Inc.). The infusion 
was prog~'ammed to provide an alveolar isoflurane concentration equivalent to 
approximately 1.3 • MAC (MAC = 1,27 per cent). Oxygen was added to the 
circuit at a rate of approximately 250 ml/minute to match metabolic consumption. 
The patient's ventilation was controlled by an Ohio Ventilator (300 D/O).  The 
patient's Pao~ and Paco~ remained within the normal range, as determined by 
periodic blood gas analysis. 

Adequate muscle relaxation was obtained with d-tubocurare. Four arterial 
samples of 2 to 3 ml were taken during anaesthesia and analyzed by gas chroma- 
tography for isoflurane concentration. One ml of blood was equilibrated with i ml 
of hexane; 0.3 ml aliquots of hexane were then injected into a Hewlett-Packard high 
efllciency gas chromatograph (Model 7610A) fitted with a hydrogen flame. Mean 
arterial isoflurane concentration was 13.0 mg$ (SEM = 1.2) at 30 minutes after 
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TABLE 1 
PATIENTS STUDIED AND OPERATIONS PERFORMED 

697 

Duration of 
Patient Weight Surgical anaesthesia 

no. Age (kg) operation (min) 

1 28 65 Inguinal 100 
herniorrhaphy 

2 52 95 Inguinal 101 
herniorrhaphy 

3 24 72 Inguinal 92 
herniorrhaphy 

4 24 64 I ngu inal 77 
herniorrhaphy 

5 56 66 Lumbar laminectcmy 156 
6 39 99 Lumbar laminectomy 209 
7 42 74 Osteotomy fibula 165 

8 46 79 Ventral incisional 103 
herniorrhaphy 

9 56 85 Ventral hernia 160 
repair 

the induction and one hour after the start of surgery, respectively. One liter of 
normal saline was infused intravenously throughout the procedure. 

Immediately prior to anaesthesia, 8 ml of venous blood was collected in a 
heparinized syringe, rapidly transferred to a test tube and centrifuged within 30 
minutes of collection. Additional blood was sampled at the following times: (1) 5 
minutes before induction of anaesthesia; (2) 15 and 30 minutes after the induction, 
but before the start of surgery; (3) i hour after the start of surgery; and (4) in the 
recovery room after the patient has recovered adequately from anaesthesia. To 
avoid diurnal variation of plasma cortisol levels, anaesthesia was induced at about 
7:20 a.m. One ml of plasma from each blood sample was stored at -20 ~ C and 
thawed within one month just prior to radioimmunoassay for growth hormone 
(GH) and insulin. One ml of plasma was used for the analysis of plasma cortisol, 
and 0.2 ml of blood was used to measure blood glucose. 

Determination of plasma GH and insulin were made according to the method 
of Sehalch and Parker, 4 and Morgan and Lezarow, 5 respectively. Duplicate deter- 
minations were made on all specimens and the mean values were taken. The 
recovery rate for GH was 98 per cent and for insulin 94 per cent, indieating 
adequate reliability. The plasma concentrations of cortisol were determined by 
fluorimetric assay by Rudd's method 8 with a Farrand spectrofluorimeter. Duplicate 
error was -+1.2 meg/100 ml of plasma which appeared reliable for analysis of our 
data. 

RESULTS 

Plasma Growth Hormone 
The mean GH levels in plasma in the nine subiects are shown in Table II. The 

mean value was 1.26 - 0.32 (SE) ng/ml (ng = m/zg) 5 minutes before induction 
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TABLE II 

EFFECTS OF ISOFLURANE ANAESTHESIA AND SURGICAL OPERATION ON 
PLASMA GROWTH HORMONE LEVELS IN MAN (ng/ml) 

Post-induction Post-induction Post-inclsion Recovery 
Control 15 minutes 30 minutes 1 hour room 

1 4.00 9.4 11.7 16.8 6 .5  
2 1.1 5 .6  5 .8  1.6 1.1 
3 0 .9  4 .0  5.3 2 .2  2 .0  
4 0 .9  1.2 1.5 1.2 1.5 
5 0 .9  9 .0  27.9 18.8 3 .6  
6 0 .9  1.5 1.5 8.1 7.6 
7 0 .9  1.3 1.3 1.9 1.0 
8 0.9 4 .0  - -1 .0  4 .7  1.8 
9 0.9 8.1 6 .7  7 .8  1.0 

Mean 1.26 4.90 7.71 7.00 2.90 
SE 0.32 1.04 2.93 2.09 0.78 
t 3.742 2.170 2.785 2.284 
p 0.006 0.047 0.024 0.052 

of anaesthesia, which was within normal limits (less than 5 ng/ml) .  The mean 
presurgical concentrations of CH in plasma after 15 minutes and 30 minutes of 
isoflurane anaesthesia increased significantly to 4.90 +- 1.04 and 7.71 --r 2.93 ng/ml, 
respectively. Plasma levels of GH remained elevated during surgery (7.00 --r 2.09 
ng/ml) .  They decreased in the recovery room but were still significantly elevated 
(2,90 • 0,78 ng/ml) .  

Plasma lnsulin 
The mean control plasma insulin level was 10.3/~U/ml. The plasma insulin level 

increased during isoflurane anaesthesia alone and during surgery, but the increase 
was not statistically significant ( Table III ). 

Blood Glucose 
The mean control blood glucose concentration was 81.0 rag/100 ml. This was 

significantly elevated during isoflurane anaesthesia alone for 15 minutes (103.3 • 
9.4 mg/100 ml) and 30 minutes (112.1 • 10.2 mg/100 nal). Mean blood glucose 
levels further increased during surgery, and the peak level (133.8 • 14.9 rag/100 
ml) was observed in the recovery room ( Table IV). 

Plasma Cortisol 
The mean control plasma cortisol level prior to induction of anaesthesia was 

17.6 • 1.7/zg/100 ml; it increased insignificantly to 20.4 --- 2.4/zg/100 m130 minutes 
after the induction of isoflurane anaesthesia but before operation. Plasma cortisol 
level increased significantly during operation (26.0 - 2.3/zg/100 ml), and the 
peak concentration was found in the recovery room (29.8 - 1.7 #g/100 ml), as 
shown in Table V. 

DISCUSSION 

The present study demonstrates that the blood glucose level is increased signifi- 
cantly by 38 per cent after 30 minutes of isoflurane anaesthesia alone. Similar 
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TABLE III 

EFFECTS OF ISOFLURANE ANAESTHESIA AND SURGERY ON 
PLASMA INSULIN LEVELS IN MAN (uU/ml) 

Post-induction Post-induction Post-incision Recovery 
Control 15 minutes 30 minutes 1 hour room 

1 7.7 4.0 11.5 10.2 14.1 
2 8.6 5.9 10.2 12.8 38.4 
3 15.4 25.6 37.7 73.6 17.7 
4 5.8 5.0 5.0 8.3 8.3 
5 6.8 6.8 7.0 6.4 24.3 
6 7.4 4.0 4 .0  11,5 7.4 
7 8.3 5.8 8.3 18.9 5.8 
8 7.7 5.1 - -1 .0  7.8 10.2 
9 25.1 21.1 18.4 21.0 16.6 

Mean 10.3 9.2 12.7 18.9 15.8 
SE 1.94 2.55 3.64 6.62 3.23 
t 0. 717 0.574 1. 362 1. 452 
p 0. 494 0. 574 0. 210 0.185 

TABLE IV 

EFFECTS OF ISOFLURANE ANAESTHESIA AND SURGERY ON 
BLOOD GLUCOSE LEVELS (mg/100 ml) IN MAN 

Post-induction Post-induction Post-incision Recovery 
Control 15 minutes 3C minutes 1 hour room 

1 90 110 118 152 216 
2 59 70 72 130 132 
3 76 92 100 118 176 
4 84 160 178 196 100 
5 116 123 118 116 117 
6 84 101 113 116 130 
7 96 118 126 135 88 
8 70 76 78 90 - -  
9 54 80 106 118 - -  

Mean 81.0 103.3 112.1 130.1 133.8 
SE 6.36 9.42 10,25 9.96 14.97 
t 3.15 3.36 4.51 3.11 
p 0.02 0.01 0.01 0.02 

TABLE V 

EFFECTS OF ISOFLURANE ANAESTHESIA AND SURGERY ON 
PLASMA CORTISOL LEVELS (#g/100 nil) IN MAN 

Post-induction Post-induction Post-incision Recovery 
Control 15 minutes 30 minutes 1 hour room 

1 18.0 28.5 35.0 31.0 35.0 
2 18.0 11.5 19.0 18.5 26.5 
3 15.5 17.5 11.5 17.5 39.0 
4 13.0 11.5 12.0 17.0 25.0 
5 28.5 28.5 30.0 31.0 31.0 
6 13.5 14.5 18.0 37.0 33.0 
7 23.0 22.5 27.5 30.5 30.5 
8 17.0 20.0 - -  27.0 22.5 
9 12.0 25.0 20.5 25.0 26.5 

Mean 17.61 19.94 20.44 26.06 29.83 
SE 1.76 2.23 2.40 2.37 1.77 
t 1.16 1.86 3.45 5.26 
p O. 30 0.10 0.01 0. 001 
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hyperglycaemie tendencies were observed during anaesthesia with other anaes- 
thetic agents such as diethyl ether, e but this differs from methoxyflurane, 1 which 
does not cause hyperglycaemia. Byles, e t  al. 7 and Dobkin, e t  al. s reported hyper- 
glycaemia during major abdominal surgery under isoflurane anaesthesia, but the 
effect of isoflurane itself on the blood glucose level was not studied. 

We observed that isoflurane anaesthesia itself increased plasma GH levels. A 
similar tendency was found during ether, 2 methoxyflurane, 1 and halothane anaes- 
thesia. ~ GH reached a peak value 30 minutes after the beginning of the operation, 
confirming previous reports on the effect of surgical stress. Increased GH secretion 
implies the following: (1) increased uptake of amino acids by many tissues and 
enhanced synthesis of protein; (2) GH has diabetogenic and anti-insulin effects, 
which reduces peripheral utilization and uptake of glucose, decreases glucose 
tolerance, depresses glycolysis, and increases retention of glycogen; and (3) in- 
creases lipolysis. 

Plasma insulin levels did not change appreciably during isoflurane anaesthesia. 
This finding was similar to the results with other anaesthetic agents reported 
previouslyY 2,'~ Hyperglycaemia evokes significant elevation of insulin secretion, 9 
but in our present study it did not significantly increase blood insulin levels during 
isoflurane anaesthesia and surgical operation. 

Possible factors contributing to hyperglycaemia can be divided into those which 
increase glucose production and those which decrease glucose utilization; hyper- 
glycaemia is the end result of the balance between the rate of production and rate 
of utilization. Our findings do not exclude a possible role of increased secretion of 
GH interfering with glucose utilization during isoflurane anaesthesia. 

Stimulation of sympathetic nervous activity causes elevation of blood glucose 
primarily by stimulating hepatic glycogenolysis, and suppresses insulin secretion. 
This may also have contributed to the hyperglycaemia. Increased secretion of 
glucocorticoid can also cause hyperglycaemia through a glycogenolytic mechanism. 
Although the magnitude of hyperglycaemia during isoflurane anaesthesia alone is 
not great, other anaesthetic agents which do not increase blood glucose may be 
preferable for patients with severe diabetes. Plasma cortisol level was not increased 
significantly during isoflurane anaesthesia. In this it is similar to enflurane ~ and 
methoxyflurane anaesthesia, TM but different from adrenocortical stimulating anaes- 
thetics such as diethyl ether, cyclopropane and halothane, n Normally enhanced 
adrenocortical activity during a surgical operation was observed under isoflurane 
anaesthesia. Dobkin, e t  al. s reported that major surgical stress under isoflurane 
anaesthesia significantly increased plasma cortisol levels in man, but Byles, e t  al. r 

found plasma cortisol concentration decreased from 21/zg/100 ml to 13/zg/100 ml 
after 16 hours of isoflurane anaesthesia in beagles. 

SUR~NgARY 

The present study was undertaken to investigate in nine male surgical patients 
the effects of isoflurane anaesthesia alone on the carbohydrate metabolism by 
determining plasma growth hormone (GH), insulin, blood glucose, and cortisol, 
and to compare them with the effects of anaesthesia associated with surgical opera- 
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tions. Determination of plasma GH, insulin, cortisol, and blood glucose were made 
simultaneously before induction of isoflurane anaesthesia, after maintenance of 
anaesthesia for 15 minutes and 30 minutes and during and after conclusion of the 
operation. 

Plasma GH concentrations showed a significant elevation during isoflurane 
anaesthesia, and maintained a similar high level one hour after the start of the 
operation. An insignificant elevation in plasma insulin level and significant in- 
creases in blood glucose were noted during anaesthesia and operation. Plasma 
cortisol levels increased insignificantly during anaesthesia, but increased markedly 
during operation. Our observations would suggest that the increased blood level of 
GH and elevated blood cortisol play a part in the increase of blood glucose during 
isoflurane anaesthesia and surgical operations in man. 

�9 s RESUME 

Ce travail avait pour objet l'6tude des effets de l'Isoflurane seul sur le m6tabolisme 
des hydrates de carbone et de les comparer ~ ceux caus6s par l'addition du trau- 
matisme chirurgical; ~t cette find, on a d6termin6 chez neuf sujets, le taux de 
rlnsuline, de la Glyc6mie et du Cortisol. Des 6chantillons ont 6t6 pr61ev6s avant 
l'induction de l'anesth6sie ~ rIsoflurane, 15 et 30 minutes apr~s rinduction, avant 
rincision, durant et apr~s l'intervention. 

On a observ6 une 616ration significative au niveau de l'Hormone de Croissance 
durant l'anesth6sie, 61~vation qui s'est maintenue une heure apr~s le d~but de 
l'intervention. On a 6galement not6 au cours de l'anesth6sie et de l'intervention 
une augmentation non significative de l'Insulin6mie et une augmentation signifi- 
cative de la Glyc6mie. 

Le Cortisol plasmatique pour sa part s'est 61ev6 de fagon non significative durant 
ranesth6sie, et de fa~on significative durant le temps chirurgical. 

Nos observations sugg~rent que l'616vation du taux de l'Hormone de Croissance 
et du Cortisol joue un r61e dans l'6/6vation de ]a Glyc6mie observ6e au cours de 
l'aiaesth6sie ~t l'Isoflurane chez l'homme. 
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