
EFFECTS OF GENERAL ANAESTHESIA AND SURGERY ON RENAL FUNCTION AND PLASMA 
ADH LEVELS 

[-[. ISHIHARA, K. ISHIDA, T. OYAMA, T. KUDO AND M. KUDO 

IT IS WELL KNOWN that  intra-operative and 
post-operat ive oliguria is associated with altera- 
tions in renal function. Fur thermore ,  increased 
secret ion of antidiuretic hormone  (ADH) has also 
been reported to play an important  role in this 
oliguria. We have observed a marked influence of  
anaesthet ics  on plasma ADH concentra t ions  in 
man ~ and the mechanisms of increased ADH re- 
lease during operations have been discussed by 
Moran z and Uka i?  However ,  there has been lack 
of information on the relat ionship between renal 
function and ADH secret ion during anaesthesia  
and surgery. The purpose of this study was to 
elucidate the role of  ADH in intra-operat ive and 
post-operat ive oliguria and to evaluate the con- 
tr ibution of depth  of anaesthesia  and fluid volume 
to renal function. 

MATERIALS AND METHOD 

I. Clinical material 
Forty patients,  ranging in age from 22 to 58 

years,  were studied. All pat ients  underwent  ab- 
dominal operat ions and were free from hepatic,  
renal,  endocr ine  and cardiovascular  disease and 
fi'om electrolyte imbalance.  They were divided 
into the following four groups,  each consist ing of  
10 patients;  an e ther  group (nitrous oxide- 
diethyl-ether) ,  a halothane group (nitrous ox- 
ide-halothane),  a th iopemone group (nitrous 
oxide- thiopentone)  and a fentanyl group (nitrous 
oxide-droperidol-fentanyl).  The patients were 
premedicated with pentobarbi tone  100 mg orally 
on the night before operat ion and again 1�89 hours  
before the induction of anaesthesia .  Meperidine 
35 mg and atropine 0.5 mg were given intramuscu- 
larly one hour  before induction.  

Considering diurnal variat ions in the concen-  
t rat ion of plasma ADH, induction of anaesthesia  
started at 8:30 a.m. Induction and maintenance  of 
each group were in the following manner:  

Ether group: Anaes thes ia  was induced with 
inspired concent ra t ions  of diethyl-ether  10 to 20 
per cent  in nitrous oxide 70 per  cent  and oxygen 

Department of Anaesthesia, Hirosaki University, 
School of Medicine, Hirosaki, Aomori-ken, Japan, 036. 

Canad. Anaesth. Soc. J., vol. 25, no. 4, July 1978 

30 per  cent and maintained with diethyl-ether  
combined with nitrous oxide and oxygen (50/50). 

Halothane group: Anaesthes ia  was induced 
with inspired concentra t ions  of  halothane 0.5 to 
1.5 per  cent in nitrous oxide 70 per cent  and 
oxygen 30 per cent and was maintained with 
halothane 0.5 to 1.5 pe rcen t  combined with equal 
parts of  nitrous oxide and oxygen. 

Thiopentone group: Anaesthes ia  was induced 
with thiopentone 4 to 6 mg/kg intravenously and 
was maintained with nitrous oxide 70 per  cent  and 
oxygen 30 per cent and incremental  doses of  
thiopentone 50 to 100 mg injected when needed.  

Fentanylgroup: Anaesthes ia  was induced with 
droperidol 0.15 mg/kg intravenously followed by 
fentanyl 0.1 to 0.2 mg intravenously combined 
with nitrous oxide 70 per cent  and oxygen 30 per  
cent,  and was maintained with nitrous oxide 70 
per  cent and oxygen 30 per  cent  with incremental  
doses of fentanyl 0.05 to 0. I m g  when  needed. 

Food and water were withheld for ten hours  
before induction of  anaesthesia.  Tracheal intuba- 
tion was done in all pat ients  upon induction of 
anaesthesia  and was facilitated by intravenous 
administrat ion of succinylcholine chloride 40 mg. 
Anaesthesia  alone was cont inued for at least 30 
minutes  before the operation was started. The 
lungs were ventilated manually throughout  the 
procedure.  Adequate muscle relaxation for 
laparotomy was obtained by intravenous injec- 
tion of d-tubocurarine 3 -6  mg as required. Lac- 
tated Ringer 's  solution 10 ml/kg/hr was infused 
from immediately before induction until the end 
of the operation. In addition, blood was trans- 
fused in the amounts  lost when the blood loss was 
est imated more than 500 g. 

For the determinat ions of plasma concentra-  
tion of  ADH and serum osmolality, 10 ml venous 
blood samples were taken at the following times: 
(1) five minutes before induction of  anaesthesia ,  
(2) 30 minutes after the start of anaesthesia  and 
before the start  of the operat ion,  (3) 10 and 60 
minutes  after the start of the operation,  (4) in the 
recovery room when the patient had recovered 
from anaesthesia ,  (5) on the first, second and 
third post-operat ive days, except  in thiopentone 
and fentanyl groups. Urine volume and osmolal- 
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ity measurements were made at times corre- 
sponding to venous blood sampling except  for 10 
minutes after the start of the operation. 

2. Study on Dogs 
Sixteen mongrel dogs of  either sex weighing 6 

to 13 kg were divided into two groups each of 
eight dogs; a low fluid load group (10 ml/kg/hr) 
and a high fluid load group (30 ml/kg/hr). All dogs 
were anaesthetized with thiopentone 20 to 25 
mg/kg intravenously, followed by tracheal intu- 
bation. Anaesthesia was maintained with nitrous 
oxide 70 per cent and oxygen 30 per cent. The 
mechanical ventilator (Aika Co. Ltd.) was set to 
maintain Paco2 at 4.6 to 5.3 kPa (35 to 40 mm Hg). 
A catheter was inserted into the right femoral 
artery to measure arterial blood pressure and to 
obtain blood samples.. The left femoral vein was 
used for the administration of fluids. After obtain- 
ing a control blood sample, the infusion of  lac- 
tated Ringer's solution was started at the rate 
appropriate to each group. Thereafter, ]apa- 
rotomy was done by a left flank incision. Ele- 
ments of the heated thermocouple (Saneisokki 
needle type element) were inserted into the left 
renal cortex and the medulla. The amplified elec- 
trical output from the thermocouple equipment 
was connected with the recorder (Saneisokki Co. 
Ltd.). Intraperitoneal temperature was moni- 
tored by an electric thermometer  (Saneisokki Co. 
Ltd.) and maintained at 38.3 • 0.5 ~ C throughout 
the procedure. 

Halothane anaesthesia combined with equal 
parts of nitrous oxide and oxygen was started 
when all these preparations were completed. In- 
spired halothane concentrations ranged from 1.0 
to 2.0 per cent and were increased through this 
range in stepwise fashion, keeping each concen- 
tration for as long as 30 minutes. Measurement of 
renal tissue blood flow was made following the 
method described by Leighton, et al. 4 and 
Hirasawa. s 

Blood and urine samples were obtained on six 
occasions from each dog; (1) immediately after 
tracheal intubation, (2) immediately before 
halothane anaesthesia, (3) after halothane 1 per 
cent for 30 minutes, (4) after 1.5 per cent for 30 
minutes, (5) after 2 per cent for 30 minutes and (6) 
30 minutes after the end of halothane anaesthesia, 
during which period pure oxygen was given. 
After obtaining the last samples, the dog was 
sacrificed by intravenous injection of  magnesium 
sulfate 5 g. Renal tissue blood flow before 
halothane anaesthesia was defined as 100 per cent 
and as 0 per cent after death. 
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Plasma ADH was measured in a 2 ml sample by 
radioimmunoassay according to the method of 
Husain, et al. 6 Recovery rate was 73.9 per cent, 
coefficient of variation (c.v.) of the sample was ! 1 
per cent and the minimum detecting range by this 
method was ! ~U/tube,  which indicates good 
reliability of  the method. Serial electrocardio- 
graphic tracings and arterial blood gas analyses in 
both the clinical and dog experiments revealed no 
abnormalities throughout the procedure. The 
Student 's  t-test was used for statistical analysis. 

RESULTS 

I. Clinical Study 

1. Plasma A D H  concentrations (Table 1) 
The plasma concentration of ADH increased 

during anaesthesia alone in each group as com- 
pared with pre-induction level. It increased 3.7 
times in the ether group, 2.4 times in the fentanyl 
group, 1.5 times in the thiopentone group, and 1.3 
times in the halothane group. When compared 
with the controls, only the increases for ether and 
thiopentone were statistically significant. Super- 
imposed surgical stress evoked significant eleva- 
tion of ADH levels at 10 minutes after the skin 
incision, 3 to 7 times pre-induction levels, and 
this was followed by a gradual decline toward 
pre-induction levels. The slightly increased ADH 
level continued in the early post-operative period 
in each group. 

2. Urine output and osmolality (Table I1) 
Reduction in urine output was observed during 

operation, but it was not statistically significant 
compared with values during anaesthesia alone in 
three of the groups, while in the ether group the 
value remained unchanged. However ,  a sig- 
nificant rise in urine output occurred when the 
patient had recovered from anaesthesia in the 
recovery room, although a wide variation was 
observed, the urine output ranging between 1.5 
and 7.0 times the control level. Constant urine 
flow of 1,000 to 2,000 ml/day continued in each 
group in the early post-operative period. Post- 
operative oliguria or anuria were not observed in 
any case. No appreciable change in serum osmo- 
lality was detected during anaesthesia and opera- 
tion or early post-operatively in any group. Urine 
osmolality did not change remarkably during the 
operative day, but was followed by a marked 
decrease of 40 to 60 per cent on the first post- 
operative day. Thereafter it returned gradually to 
pre-induction levels. 
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II. Dog Experiments (Tables I i l  and IV) 

1. Plasma ADH concentrations 
A slight increase in plasma concentration of 

ADH compared with control levels was observed 
30 minutes after the start of laparotomy under 
thiobarbitone anaesthesia in each group. In the 
low fluid load group, halothane anaesthesia in- 
creased the plasma concentration of ADH to 117, 
164 and 153 per cent of the control values daring 
the inspired concentration of 1.0, 1.5 and 2.0 per 
cent respectively. These were statistically sig- 
nificant increases except for the value with 2.0 
per cent halothane. In the high fluid load group, 
no significant changes were observed with any 
concentration of  halothane. 

2. Renal Blood Flow 
Significant decrease in both cortical and medul- 

lary renal blood flow (RBF) was observed in the 
low fluid load group, though reduction in cortical 
RBF was more marked than the reduction in 
medullary flow. This was associated with sig- 
nificant decrease in mean arterial blood pressure. 
In the high fluid load group, the change in RBF 
was not evident, despite decreased mean arterial 
blood pressure with deepening inspired halo- 
thane concentration. 

3. Urine Output and Osmolality 
Urine output decreased significantly to 70 per 

cent of control values after 30 minutes of 
halothane 2.0 per cent in the low fluid load group. 
However,  no significant decrease was found in 
the high fluid load group as compared with con- 
trol levels. In neither group were appreciable 
changes in serum osmollity observed throughout 
the procedure, although urine osmolality de- 
creased gradually in both groups. 

DISCUSSION 

The plasma concentration of antidiuretic hor- 
mone (ADH) is controlled mainly by ADH secre- 
tion from the posterior pituitary gland, metab- 
olism in the liver and its excretion by the kidney. 
Of these factors, the secretion of  ADH is the most 
important determinant of plasma concentration 
of the hormone. 

Factors responsible for the release of ADH 
from the posterior pituitary gland during anaes- 
thesia and surgery are stimulation of hypothal- 
amic osmoreceptors by increased serum osmo- 
lality, stimulation of carotid baroreceptors by 
decreased arterial blood pressure and of volume 

receptors located in the left atrium which are 
sensitive to the reduced circulating blood vol- 
ume. 7 Visceral 2 or vagal stimulation s caused by 
surgical trauma, hypoxic or hypercapnic stresses? 
hormones including catecholamines and the 
renin-angiotensin system, 7 and anaesthetic 
agents themselves are also considered to be 
operative factors. Several investigators, includ- 
ing the present authors, have demonstrated that 
anaesthetic agents stimulate ADH release.~~ 
Philbin, et al., la however,  could not find any in- 
crease in plasma ADH levels even after six hours 
exposure to light halothane anaesthesia (0.4-0.5 
per cent inspired concentration) in dogs. 

The present study showed that all four anaes- 
thetic agents by themselves increased plasma 
ADH levels in man; diethyl-ether was respon- 
sible for the greatest increase of plasma ADH 

levels, while halothane caused the least. It is 
difficult to elucidate the possible causes for this 
difference in ADH stimulation by the several 
anaesthetic agents. One can say, however,  that 
the difference appears to be quantitative rather 
than qualitative in nature. 

Significant elevation in plasma ADH levels was 
found 10 minutes after skin incision in each 
group. This appeared to be caused by visceral 
stimulation, thus confirming previous reports. 2'a 
ADH levels remained elevated 60 minutes after 
the skin incision, but were lower than those at l0 
minutes and this applied to each group. Two fac- 
tors which might be responsible for this decline in 
ADH levels are that the period of visceral stimu- 
lation which elicited ADH release was transient 
and that the readily available pool of ADH fog" 
release from the pituitary gland, representing 
only l0 to 20 per cent of the total store of the 
hormone, ~4 had been discharged soon after the 
operation started. 

Renal blood flow (RBF) and glomerular filtra- 
tion rate (GFR), as well as ADH release are the 
important factors determining urine output. It is 
well established that anaesthetic agents including 
halothane, diethyl ether, thiopentone and fen- 
tanyl reduce RBF and GFR.  15-17 Reduction in 
RBF during halothane anaesthesia correlated 
well with decreased arterial blood pressure, ~ al- 
though sustained autoregulation of RBF during 
halothane anaesthesia was recently documented 
in the isolated kidney of the dog. s A significant 
decrease in arterial blood pressure and renal tis- 
sue blood flow in both cortex and medulla was 
found in the low fluid load group, and this was 
associated with significant increase in plasma 
ADH level. On the other hand the values of  both 
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ISHIHARA, el al.: ANAESTHESIA AND RENAL FUNCTION 

renal blood flows and plasma ADH did not corre- 
late well with decreased arterial blood pressure in 
the high fluid load dogs as inspired halothane 
concentration increased. It is probable that these 
observations indicate that not only decreased 
arterial blood pressure but also the infused fluid 
volume might influence both renal blood flow and 
plasma ADH level, even after surgical trauma has 
been superimposed. Furthermore, the depth of 
anaesthesia might not always be the paramount 
determining factor in increase of plasma ADH 
levels. 

Early in the post-operative period a slight in- 
crease in plasma ADH levels was still noted in 
each anaesthetic group in man. This would sug- 
gest that in the post-operative period the 
anaesthetic agent would be less responsible for 
release of ADH than other factors, including 
plasma volume deficit j~ and the magnitude of the 
surgical stress, z':~ 

It is postulated that the volume of fluid adminis- 
tered modifies renal function during anaesthesia 
and surgery through changes in renal blood flow 
and by ADH release. Therefore administration of 
adequate amounts of fluid during anaesthesia is 
recommended, although excess fluid load must 
also be avoided due to the possiblility of pre- 
cipitating post-operative pulmonary oedema. 

SUMMARY 

Plasma levels of antidiuretic hormone (ADH) 
were evaluated in 40 adult patients during and 
after various types of anaesthesia and surgery. 
The plasma level of ADH increased significantly 
30 minutes after the start of anaesthesia with 
diethyl-ether (3.7 times) and after thiopentone 
(I.5 times), but it increased insignificantly in neu- 
roleptanaesthesia (2.4 times) and with halothane 
(I.3 times). The surgical stress evoked marked 
increases in plasma ADH levels especially at ten 
minutes after the skin incision. A slight increase 
in plasma ADH level still continued into the early 
post-operative days. 

The effects of halothane anaesthesia on plasma 
levels of ADH and on both cortical and medullary 
renal blood flow (RBF) were investigated in dogs. 
RBF was measured by means of a heated ther- 
mocouple in two groups of eight dogs each. One 
group was given a high fluid load of 30 ml/kg/hr 
and the other a low load of 10 ml/kg/hr. The 
plasma level of ADH increased significantly with 
deepening halothane anaesthesia in the low fluid 
load group. However, in the high fluid load dogs it 
remained unchanged in spite of an increasing in- 
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spired halothane concentration. Both cortical 
and medullary RBF fell significantly as compared 
with the control values in the low fluid load group. 
However, in the high fluid load clogs no significant 
decrease was observed. These results would in- 
dicate that the anaesthetic agents investigated in 
the present study caused increases in plasma 
ADH levels, but that these antidiuretic effects of 
anaesthesia might be modified by the volume of 
fluid infused during anaesthesia and operation. 

R~SUMi~ 

Pendant et apr~s la chirurgie sous cliff, rents 
agents anesthdsiques, on a d~termin6 la concen- 
tration plasmatique de l'hormone antidiurdtique 
(ADH) chez 40 patients adultes opdr~s pour des 
pathologies abdominales varides. Une augmenta- 
tion significative de I'ADI-I a ~t6 notre apr~s 30 
minutes d'anesthdsie ~ 1'dther di&hylique (3.7 
lois le contrdle) et le thiopentone (I .5 fois). Cette 
augmentation n'a pas ~t~jug~e significative apr~s 
la neuroleptanesth~sie (2.4 fois) et I'anesth~sie 
l'halothane (1.3 fois). Le stress chirurgical a pro- 
voqu~ une augmentation importante, surtout ~ la 
dixi~me minute apr~s I'incision. Le niveau san- 
guin est demeur~ I~g~rement ~lev6 darts la 
p~riode post-opdratoire imm6diate. 

Les effets de I'anesth~sie ~ l'halothane sur la 
concentration plasmatique de I'ADH et sur le flux 
sanguin r~nal cortical et mddullaire ont aussi fait 
l'objet d'une 6tude chez le chien. Dans deux 
groupes de huit chiens, on a mesur~ au ther- 
mocouple le flux sanguin r~nal. Le premier 
groupe a re~u tine surcharge liquidienne de 30 
ml/kg/hre alors que l'apport n'a 6t6 que de 10 
ml/kg/hre pour le deuxi~me groupe. La concen- 
tration plasmatique d'ADH s'est 61evde de fag:on 
significative darts le deuxi~me groupe. Toutefois, 
darts le premier groupe qui avait reg:u le plus 
grand volume liquidien, le niveau plasmatique 
d'ADH n'a pas chang~ malgr~ les augmentations 
de concentration de l'halothane. Dans le groupe 
off I'apport liquidien a 6t6 le moins 61evd, le flux 
sanguin cortical et le flux mddullaire ont diminu6 
de fag:on significative par comparaison aux va- 
leurs de contrdle de ce groupe. Cette diminution 
n'a pas 6t6 notde pour le groupe surcharge. Ces 
r~sultats sugg~rent que les agents anesthdsiques 
utilis~s darts cette ~tude augmentent le niveau 
d'ADH, mais que les effets antidiurdtiques de 
l'anesthdsie peuvent/~tre modifies par la quantit~ 
de liquide perfus~,e pendant l'anesthdsie et 
l'opdration. 
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