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The purpose of this study was to determine hormonal levels in
compensated liver cirrhotic patients under general anesthesia before
and after liver surgery. We measured plasma norepinephrine, epineph
rine, arginine vasopressin, and aldosterone levels and renin activity in
non-cirrhotic and compensated cirrhotic patients undergoing liver re
section after induction of anesthesia but before skin incision and after
the end of operation but before discontinuation of nitrous oxide. We
simultaneously measured hemodynamic variables. Plasma levels of nor
epinephrine (P < 0.001), epinephrine (P < 0.001), arginine vasopressin
(P < 0.05), renin (P < 0.05) and aldosterone (P < 0.001) significantly
increased after completion of surgery compared with those before in
cision in both groups. There was a significant positive correlation be
tween plasma renin and aldosterone (r=0.56, P < 0.01) levels in non
cirrhotics, but no correlation was observed in cirrhotics; and there was
a significant positive correlation between plasma norepinephrine and
arginine vasopressin (r=0.45, P < 0.05) levels in non-cirrhotics, but no
correlation in cirrhotics. Cardiac index and arterial pressure increased
after the end of operation (P < 0.05). This increase after the opera
tion was the same between cirrhotic and non-cirrhotic groups. There
were no changes in heart rate, mean pulmonary arterial pressure, and
pulmonary capillary wedge pressure after the end of operation. We
conclude that hemodynamic and endocrinological changes were simi
lar between compensated cirrhotic patients and non-cirrhotic patients
during liver surgery. Endocrine changes might partly explain the hemo
dynamic changes during surgery. (Key words: hormones, surgery, liver,
sympathetic nervous system, catecholamine, liver, cirrhosis)

(Maruyama K, Sakakura S, Nishimura K, et al.: Endocrine and
hemodynamic changes during liver surgery in patients with compen
sated liver cirrhosis. J Anesth 1: 151-166, 1993)

In liver cirrhosis, hyperstimulation
of sympathetic tone is observedlv'.
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The non-osmotic release of arginine
vasopressin and the stimulation of
the renin-angiotensin-aldosterone sys
tem occur under the activation of
the sympathetic nervous system in
liver cirrhosis-:", Degradation of al
dosterone is reduced in liver disease
as well, which further increases the
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Table l. Patient characteristics

Body
Age weight

Sex (yr) (kg) Diagnosis Operation

Non-cirrhotics
1 M 50 77 Cholangioma Extended right lobectomy
2 F 73 41 Hepatoma Extended right lobectomy
3 F 67 49 Cholangioma Left lobectomy
4 M 62 48 Cholangioma Extended left lobectomy
5 M 62 55 Hepatoma Extended right lobectomy
6 F 72 49 Liver cyst Extended left lobectomy
7 F 57 50 Cholangioma Extended right lobectomy
8 F 62 42 Hemangioma Left lobectomy
9 M 58 65 Liver metastasis Posterior inferior subsegmentectomy
10 F 59 44 Cholangioma Extended left lobectomy
11 M 57 43 Cholangioma Left lobectomy
12 M 59 54 Hepatoma Right lobectomy
Mean 61.5 54.5
± SE 1.9 3.2

Compensated Cirrhotics
1 M 52 58 Hepatoma Posterior inferior subsegmentectomy
2 M 54 77 Hepatoma Posterior inferior subsegmentectomy
3 M 62 48 Hepatoma Lateral segmentectomy
4 M 59 60 Hepatoma Posterior segmentectomy
5 M 46 57 Hepatoma Left lobectomy
6 F 53 59 Hepatoma Posterior segmentectomy
7 F 63 55 Hepatoma Right lobectomy
8 M 54 48 Hepatoma Wedge resection
9 M 30 65 Hepatoma Right lobectomy
10 M 72 57 Hepatoma Left lobectomy
11 F 54 55 Hepatoma Lateral segmentectomy
Mean 54.4 58.1
± SE 3.2 2.4

plasma aldosteronev". Thus, liver func
tion might be important, in part, to
determine hormonal response to vari
ous stimuli. Stress induced elevations
of catecholamines, arginine vasopressin
and aldosterone are observed in sur
gical intervention6 - 9 • Because basal
sympathetic tone might be more acti
vated in liver cirrhotic patients than in
non-cirrhotic patients, surgical stimuli
might have a profound effect on en
docrine response in cirrhotic patients.
Because patients with compensated
liver cirrhosis are operated on fre-

quently, we are interested in hormonal
changes in patients with compensated
liver cirrhosis. However, there have
been only a few reports quantify
ing the endocrine responses associated
with liver surgery. The purpose of this
study was to determine hormonal lev
els in compensated liver cirrhotic pa
tients under general anesthesia before
and after liver surgery.

Patients and Methods

Twenty three oriental patients un
dergoing liver resection were studied.
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Table 2. Preoperative laboratory data

Non-cirrhotics Compensated
Cirrhotics

(n=12) (n=l1)

159

Albumin (g.dl- I )

Prothrombin time (sec)
Hepaplastin test (%)
Choline esterase (~pH)

GOT (ur l )

GPT (ur l
)

Total bilirubin (mg·dl- I
)

ICGR15 (%)
BUN (mg.dl- I )

Serum creatinine (mg.dl- I )

Creatinine clearance (ml.min- I )

3.90 ± 0.10
11.5 ± 0.2
95.8 ± 4.7
0.78 ± 0.04
41.0 ± 7.4
41.4 ± 9.1
0.69 ± 0.12

7.9 ± 0.9
12.1 ± 1.1

0.8 ± 0.06
90.1 ± 7.3

3.56 ± 0.08*
11.9 ± 0.2
78.6 ± 3.9
0.68 ± 0.07
59.8 ± 7.9
72.1 ± 11.8
0.61 ± 0.07
13.5 ± 1.3**
13.0 ± 1.2

0.9 ± 0.05
80.5 ± 8.6

Abbreviations; ICGR15, retention rate of indocyanine green (ICG)
in plasma at 15 min after injection of ICG; GOT, glutamic oxaloacetic
transaminase; GPT, glutamic pyruvic transaminase; BUN, blood urea
nitrogen.

*p < 0.05, **P < 0.01, significantly different from the values of non
cirrhotics

Twelve were non-cirrhotic patients (six
men and six women, aged 50-73 yr).
Eleven were compensated cirrhotic pa
tients (eight men and three women,
aged 30-72 yr). The clinical and lab
oratory findings are summarized in
tables 1 and 2. Cirrhosis was com
firmed by histological examination of
the liver specimen obtained during
surgery. Patients were premedicated
with diazepam (10 mg intramuscu
larly) or hydroxyzine (50 mg intra
muscularly), and atropine sulfate (0.5
mg subcutaneously) 60 min and 30
min before induction of anesthesia,
respectively. Anesthesia was induced
with 4-5 mg-kg"! thiopental, 0.1-0.4
mg fentanyl and 5-7.5 mg droperidol,
followed by 0.1 mg-kg"! pancuronium
with 50-65% nitrous oxide in oxygen.
The trachea was intubated orally and
anesthesia was maintained with 50
65% nitrous oxide in oxygen supple
mented with enflurane on occasion plus
fentanyl 0.1-0.2 mg iv every 45-90 min
after commencement of surgery. The

total dose of fentanyl during operation
was 0.78 ± 0.06 mg (mean ± SE) in
non-cirrhotic patients and 0.73 ± 0.07
mg in compensated cirrhotic patients
with no significant difference between
groups. The radial artery was can
nulated for continuous measurement
of arterial blood pressure and for
blood sampling. A flow-directed pul
monary artery catheter was inserted
via the right internal jugular vein
into the pulmonary artery. Cardiac
output was measured by the ther
modilution method. Pulmonary cap
illary wedge pressure (PCWP) and
right atrial pressure were measured
using the mid-chest as external zero
reference. Crystalloid solution (half
saline or lactated Ringer's solution
or 1:1 mixture of both) was in
fused from immediately before induc
tion of anesthesia at a rate of 301
± 23 ml-hr"! (mean ± SE, range 161
433 ml·hr- I ) in non-cirrhotic patients
and 318 ± 27 ml-hr"! (range 231-486
ml-hr" "] in compensated cirrhotic pa-
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tients. Sodium intake was controlled
at 33.5 ± 3.7 mflq-hr"! (range 14.5
49.4 mEq·hr- 1

) in non-cirrhotic pa
tients and 32.6 ± 2.7 mfsqhr"! (range
20.8-45.9 mEq·hr- 1

) in compensated
cirrhotic patients. There were no sig
nificant differences in mean values be
tween two groups in terms of fluid
infusion and sodium load. Urine was
collected throughout the operation
and urinary sodium excretion rates
(amount of sodium excreted in urine
per hour) were calculated. Mechanical
ventilation maintained Pao2 over 100
mmHg, PaC02 at 30-40 mmHg and pH
at 7.30-7.45. The systolic blood pres
sure was maintained over 100 mmHg
throughout the operation.

Blood sampling for measurement
of plasma norepinephrine, epinephrine,
arginine vasopressin, renin and aldos
terone were performed: 1) before in
cision, that is 30 min after induction
of anesthesia but before commence
ment of surgery; 2) end of operation,
that is before discontinuation of ni
trous oxide but 10 min after the com
pletion of surgery. At the same time
the hemodynamic measurements in
cluding heart rate, mean arterial pres
sure, cardiac index, mean pulmonary
arterial pressure and PCWP were per
formed. Arterial blood for measure
ment of plasma norepinephrine, epi
nephrine, arginine vasopressin, renin
and aldosterone was collected in plas
tic syringes, centrifuged immediately
in a glass test tube containing EDTA
2Na and plasma was stored at -20°C
until assay. Norepinephrine and epi
nephrine were analyzed by high perfor
mance liquid chromatography (HPLC).
The intraassay coefficients of variation
were 3.0% for norepinephrine and 3.8%
for epinephrine. Aldosterone and argi
nine vasopressin were analyzed by ra
dioimmunoassay. The intraassay coef
ficients of variatton were 10.8% for
aldosterone and 7.2% for arginine vaso
pressin. Renin activity was analyzed by

radioimmunoassay, and the intraassay
coefficient of variation was 5.8%.

Statistical Analysis
The data were expressed as mean ±

standard error (S.E.). Data were ana
lyzed statistically by a two-way analy
sis of variance (ANOVA) to assess the
effect of operation and the presence of
compensated liver cirrhosis. Student's
t test was used to assess preoperative
data between two groups and to assess
the difference in the urinary sodium
excretion rate between compensated
cirrhotics and non-cirrhotics during
surgery. Linear regression analysis was
used to detect whether there were cor
relation between two hormones, and
correlation between urinary sodium ex
cretion rate and sodium load or argi
nine vasopressin levels or aldosterone
levels in each group. A P value of
< 0.05 was considered to indicate a
statistically significant difference.

Results

The cirrhotic patients were well
compensated as evidenced by the av
erage prothrombin time not different
from non-cirrhotics (table 2). Albumin
was significantly different. Retention
rate of indocyanine green (ICG) in
plasma at 15 min after injection of
ICG was significantly high in compen
sated cirrhotics and hepaplastin test
was significantly low in compensated
cirrhotics. The duration of anesthe
sia was 481 ± 53 min in non-cirrhotics
and 357 ± 31 min in compensated cir
rhotics without a significant difference
between two groups. Blood loss in non
cirrhotics was 2,473 ± 268 gram and
135 ± 16% of blood loss was replaced
by combination of volume expander,
fresh frozen plasma and blood trans
fusion under the guide of PCWP to
maintain the baseline values, so that
there were no changes in the PCWP
throughout the operation. Blood loss
in compensated cirrhotics was 2,147 ±
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Table 3. Plasma levels of norepinephrine, epinephrine, arginine vasopressin,
aldosterone and renin activity and Hemodynamic parameters

161

Before incision End of operation

Non-Cirrhotics Compensated Non-Cirrhotics Compensated
Cirrhotics Cirrhotics

Norepinephrine (ng.ml- I) 0.19 ± 0.04 0.18 ± 0.04 0.52 ± 0.10** 0.56 ± 0.24**
Epinephrine (ng.ml- I) 0.04 ± 0.02 0.02 ± 0.004 0.37 ± 0.13* 0.23 ± 0.10*
Arginine Vasopressin (pg.ml- I) 7.16 ± 1.57 5.53 ± 1.0 13.3 ± 1.93* 13.0 ± 2.70*
Aldosterone (pg.ml- I) 62.2 ± 6.2 60.3 ± 8.68 241.8 ± 24.7** 218.0 ± 38.2**
Renin (ng.ml-I.hr- I) 1.65 ± 0.35 2.36 ± 0.52 3.35 ± 0.83* 3.43 ± 0.87*

MAP (mmHg) 101 ± 4.2 88 ± 6.3 109 ± 3.7* 104 ± 4.7*
Heart Rate (min- I) 92 ± 4.6 79 ± 5.5# 101 ± 3.4 87 ± 6.0#
C.L (liter.min- l.m- 2 ) 3.61 ± 0.49 3.41 ± 0.21 4.10 ± 0.32* 4.37 ± 0.29*
MPAP (mmHg) 12.8 ± 0.9 11.6 ± 1.0 14.4 ± 1.5 14.4 ± 1.0
PCWP (mmHg) 5.5 ± 0.9 5.3 ± 0.7 5.4 ± 1.0 6.5 ± 0.9

Values are mean ± SE, MAP, mean arterial pressure; C.L, cardiac index; MPAP, mean pulmonary
arterial pressure PCWP, pulmonary capillary wedge pressure.

*p < 0.05 compared to the values before incision (two-way ANOVA)
**P < 0.001 compared to the values before incision (two-way ANOVA)
# P < 0.05 compared to the values in non-cirrhotics (two-way ANOVA)

412 gram and 116 ± 11% of blood loss
was replaced by the same manner with
non-cirrhotics. There were no differ
ences in blood loss and replaced vol
ume between compensated cirrhotics
and non-cirrhotics. Urine volume was
95 ± 10 ml-hr"! in non-cirrhotics and
84 ± 5 ml-hr"! in compensated cir
rhotics with no significant difference
between the groups.

Endocrine Changes
The results of norepinephrine, ep

inephrine, arginine vasopressin, renin
and aldosterone are shown in table 3.
The values before incision were within
the normal range in both cirrhotic and
non-cirrhotic patients. There were sig
nificant increases in norepinephrine (P
< 0.001), epinephrine (P < 0.05), argi
nine vasopressin (P < 0.05), renin (P
< 0.05) and aldosterone (P < 0.001)
after operation in both cirrhotic and
non-cirrhotic patients. However, there
was no inter-group difference in the

changes of these hormones after oper
ation. There was a significant positive
correlation between plasma renin ac
tivities and aldosterone levels (fig. 1)
in non-cirrhotic patients (r=0.56, P
< 0.01), but no correlation in com
pensated cirrhotic patients. There was
a significant positive correlation be
tween plasma norepinephrine and argi
nine vasopressin levels (fig. 2) in non
cirrhotics (r=0.45, P < 0.05), but no
correlation in compensated cirrhotics.
Plasma aldosterone and arginine va
sopressin levels were not related to
urinary sodium excretion rate in either
compensated cirrhotic or non-cirrhotic
patients. There was a positive correla
tion between sodium load and urinary
sodium excretion rate in compensated
cirrhotic patients (r=O.71, P < 0.05),
but no correlation in non-cirrhotics
(fig. 3). There was no correlation be
tween urinary sodium excretion rate
during operation and the plasma aldos
terone levels at the end of operation.
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Fig. 2. Correlation between plasma norepi

nephrine and arginine vasopressin levels.

There was a significant correlation between

plasma norepinephrine and arginine vasopressin

levels in non-cirrhotic patients (upper panel)

(r=0.45, slope=1O.0, intercept=6.7, P < 0.05.),
whereas no significant correlation III compen

sated cirrhotics (lower panel; r=0.26, N .S.).
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Fig. 1. Correlation between plasma renin

activities and aldosterone levels.

There was a significant correlation between

plasma renin activities and aldosterone levels

in non-cirrhotic patients (upper panel; r=0.56,

slope=27.9, intercept=85.5, P < 0.05.), whereas
no significant correlation III compensated cir

rhotics (lower panel; r=0.41, N.S.).
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Fig. 3. Sodium load and uri
nary sodium excretion rate.

There was no significant correla
tion between the urinary sodium ex
creted and the sodium load in non
cirrhotic patients (n=12) whereas
significant correlation in compen
sated cirrhotics (n=l1) (r=O.71,
slope=0.49, intercept=-8.4, P <
0.05).

Abbreviations: urinary sodium ex
creted, amount of sodium excreted in
urine per hour (mEq.hr- 1) ; sodium
load, amount of sodium infused per
hour (mEq.hr- 1

) .
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Fig. 4. Cardiac index and plasma
norepinephrine levels.

There was a simultaneous increase in
the values of cardiac index and plasma
norepinephrine levels.

Abbreviations as in figure 1. Values
are mean ± SE. (horizontal bar, nor
epinephrine; vertical bar, cardiac index)
*p < 0.05, significantly different from
the values of cardiac index before inci-
sion.
**p < 0.001, significantly different from
the values of plasma norepinephrine lev
els before incision.

Changes of Ilemodynamics
The results of hemodynamic param

eters are shown in table 3. There
were no differences in cardiac in
dex, mean arterial pressure, mean
pulmonary arterial pressure and pul
monary capillary wedge pressure be
tween non-cirrhotic and compensated
cirrhotic patients. There was a signifi
cant difference in the pre-incision heart
rate between two groups (P < 0.05,
ANOVA). Cardiac index and mean ar
terial pressure significantly increased
after operation in both groups (P <
0.05, ANOVA). Simultaneous increase
in the mean values of cardiac index
and plasma norepinephrine was ob
served (fig. 4).

Discussion

We expected increased baseline val
ues of norepinephrine, arginine va
sopressin, renin and aldosterone in
compensated cirrhotics compared with
those in non-cirrhotics. But there were
no differences in the baseline levels
between the two groups probably due
to the relative mildness of the dis
ease in our compensated liver cirrhotic
patients2 ,5 ,l O. We speculate that sym
pathetic nervous system was not acti
vated in the compensated cirrhotics in
this study. Another possibility is that
there was no difference in the sym-

pathetic activity between two groups
at least under the anesthesia used in
this study. There have been many re
ports concerning the endocrine status
of liver cirrhotics. Although increased
production of renin and aldosterone
and decreased degradation of these
hormones have been reported gener
ally in clrrhotlcs'PP, the increase in
plasma aldosterone level is a conse
quence of advanced stage of cirr-hosis",
Plasma norepinephrine, arginine va
sopressin, renin and aldosterone in
crease in the cirrhotic patients with
impaired sodium excretion, but not
in the cirrhotic patients with normal
excretion1

• Plasma norepinephrine lev
els are within normal range in patients
with compensated cirrhosis, but the
levels increase in patients with decom
pensated liver cirrhosis with ascites
or former ascitesv!". Thus increased
plasma concentration of norepineph
rine in cirrhotics might be observed,
but the level of norepinephrine is dif
ferent according to the stages of cir
rhosis. On the other hand plasma ep
inephrine levels reportedly are within
the normal range in any stage of liver
cirrhosis in the non-surgical state1,2 ,1O.

There was a significant positive cor
relation between sodium excretion rate
and sodium load under the surgical
state in compensated cirrhotic pa-
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tients in this study (fig. 3). The figure
clearly indicates that sodium retention
is present in compensated cirrhotic pa
tients. In cirrhotics with ascites, a very
low sodium excretion is observed-",
There was no correlation between uri
nary sodium excretion rate during op
eration and the plasma aldosterone
levels at the end of operation. Gen
erally plasma arginine vasopressin, and
aldosterone levels and renin activity
increase during operation, but the pre
cise role of these hormones on salt and
water metabolism during operation7 ,13

and under cirrhotic state l.lO,14 is still
unclear.

Pain or hemmorhage during surgery
activates the sympathetic nervous sys
tem, and the plasma concentration of
norepinephrine shows the degree of
sympathetic nervous activityb!''. The
non-osmotic release of arginine vaso
pressin and the stimulation of renin
angiotensin-aldosterone system occur
under the activation of the sympa
thetic nervous system1,3 . The degree
of activation of the renin-angiotensin
aldosterone system in cirrhosis de
pends on the increase in systemic and
renal sympathetic tone". Thus activa
tion of the sympathetic nervous sys
tem during surgery is partly impor
tant for the hormonal responses dur
ing surgery. We hypothesized that in
compensated cirrhotics surgical stimuli
provoke more accentuated hormonal
response than in non-cirrhotics. But
there was no significant difference be
tween compensated cirrhotics and non
cirrhotics after liver surgery. These re
sults suggest that the hormonal re
sponse of compensated liver cirrhotic
patients to surgery might be similar to
the response of non-cirrhotic patients.
The difference between two groups in
the hormonal study was lack of corre
lations between hormones (renin and
aldosterone, norepinephrine and argi
nine vasopressin). We speculate that
in compensated cirrhotic patients hor-

monal interaction might be impaired
under anesthesia and surgery. Other
possibilities are as follows. Renin an
giotensin system is an important factor
to promote the secretion of aldosterone
in response to sodium deplet.iorr'P. In
compensated cirrhotics sodium deple
tion was unlikely compared to the con
trol group (fig. 3), which might ex
plain no significant correlation between
renin and aldosterone levels in com
pensated cirrhotics. Since no signifi
cant correlation was observed between
arginine vasopressin and plasma norep
inephrine levels, non-osmotic secretion
of arginine vasopressin by sympathetic
stimulation was not apparent in com
pensated cirrhotics. Stimulation other
than sympathetic activation might be
more important to induce the secretion
of arginine vasopressin in compensated
cirrhotics. Again, because sodium re
tention was observed in compensated
cirrhotics, hyperosmolality or intra
vascular volume change might mask
the effect of sympathetic stimulation.
Unfortunately, since we did not meas
ure the osmolality or plasma volume,
this explanation is only speculation.

Our data showed no difference in
hemodynamics between compensated
cirrhotics and non-cirrhotics proba
bly because of the relative mildness
of cirrhosis. Increased cardiac output
and heart rate and decreased arterial
blood pressure have been observed in
decompensated clrrhot.ics'v'". The car
diac index and arterial blood pres
sure increased after the termination of
surgery. The increase was partly ex
plained by hormonal changes because
the simultaneous increases in cardiac
index and the plasma catecholamine
levels were observed.

All the compensated cirrhotics had
hepatomas and all but two of the non
cirrhotics had other hepatic pathol
ogy. There is a low possibility that
the difference of liver tumor might
have effect on the results, because
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there were no hormone producing tu
mor and there were no differences
in endocrinological and hemodynamic
values before incision between two
groups. There might be differences in
terms of the magnitude of the op
erative procedure, but there were no
significant differences in the amount of
blood loss and the duration of anes
thesia between compensated cirrhotic
and non-cirrhotic groups. In terms of
the functional reserve of the remnant
liver after liver resection, resectabil
ity of the impaired liver with cirrho
sis is remarkably 10W

16 • Lobectomy or
extended lobectomy were possible in
non-cirrhotic patients, but segmentec
tomy or subsegmentectomy might be
equivalent in compensated cirrhotics
from the functional stand point of rem
nant liver.

We conclude that the increases in
plasma norepinephrine, epinephrine,
arginine vasopressin, renin and aldos
terone levels during liver surgery were
similar in compensated liver cirrhotic
patients and in non-cirrhotic patients.
Hormonal changes might partly ex
plain the hemodynamic changes, but
not sodium retention in compensated
cirrhotic patients during liver surgery.
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