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LIVER

Changes in circulating levels
of atrial natriuretic factor (ANF)
during orthotopic liver transplantation

in humans

Abstract Atrial natriuretic factor
(ANF) is a 28 amino acid peptide
secreted by the atrial cardiocytes.
Clearance is via the lung (50 %)
and the liver (25%). The main
stimulus to ANF secretion is atrial
distension but vasoconstrictors,
sympathetic stimulation,
catecolamines and tachycardia are
able to enhance its circulating
blood levels. ANF blood con-
centrations were measured during
orthotopic liver transplantation in
six postnecrotic cirrhotic patients.
Significant increases in ANF blood
levels occurred at the end of the
anhepatic phase (P £0.02 vs
baseline) associated with low
cardiac filling pressures (P < 0.02
vs baseline) and increased systemic
vascular resistances (P < 0.02 vs
preanhepatic phase). Aldosterone
blood levels showed a similar

Introduction

behaviour, increasing significantly
(P = 0.001 vs baseline) at the end
of the anhepatic phase. ANF fell
after reperfusion of the graft and
returned towards baseline values at
the end of the procedure. Since
most of the total body clearance of
ANF is performed by the lungs, its
sharp increase at the end of the
anhepatic phase could be consi-
dered a counterregulatory response
to vasoconstricting stimulation and
to fluid-sparing mechanisms in the
presence of relative hypovolaemia.
Its decrease after reperfusion could
be related to volume normalization
and partly to the enhanced clearan-
ce performed by the newly grafted
liver.
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filling pressures are sometimes recorded after reperfusion

of the grafted liver [13].

Abrupt modifications of the circulating blood volume are
often responsible for opposite changes in venous return,
cardiac output and tissue perfusion reported during the
various phases of orthotopic liver transplantation (OLT).
Hypovolaemia occurs frequently during hepatectomy
(owing to the large blood loss) or after caval and portal
clamping (secondary to decreased venous return), while
increased venous return and an acute increase in cardiac

In cases of absolute or relative hypovolaemia, the main
physiological responses rely upon vasoconstricting
stimuli, for example, activation of the sympathetic ner-
vous system, stimulation of the renin-angiotensin-
aldosterone axis and increased secretion of vasopressin
[3]. In contrast, increased glomerular filtration rate,
diuresis and natriuresis are enhanced in cases of hyper-
volaemia and/or increased cardiac filling pressures [§].
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Atrial natriuretic factor (ANF), a 28 amino acid peptide
secreted by atrial cardiocytes and cleared 50% by the
lungs, 25-30% by the liver and splanchnic organs and
15-20% by the kidneys, contributes to this latter re-
sponse. Its main actions are stimulation of diuresis and
natriuresis and relaxation of vascular smooth muscles [4,
10, 21].

Increased blood levels of ANF are common in cirrho-
tic patients and have been ascribed to the enhanced
release by cardiac atria. However, the half life, the total
body excretion rate and particularly the hepatic-
splanchnic clearance do not seem to be substantially
different from those found in controls [7, 11, 21]. In-
creased levels of ANF secondary to reduced hepatic
extraction, however, have been demonstrated in severe
acute liver failure [14]}.

Few studies have dealt with ANF changes during OLT
in cirrhotic patients and contradictory results have been
reported. Black et al. [2] and Koller et al. [12] found that
ANF levels decrease during the anhepatic phase and
increase sharply after reperfusion. In both studies the
circulating ANF levels were directly correlated with
cardiac filling pressures. Di Mauro et al. [5], on the
contrary, reported increasing ANF blood levels during
the anhepatic phase and a sharp decrease after graft
reperfusion, and no correlation was found between
cardiac filling pressures and ANF blood levels, while its
acute decrease after reperfusion was ascribed to increased
clearance of the peptide performed by the newly grafted
liver.

We report here and discuss the changes in ANF
arterial blood levels found in postnecrotic cirrhotic
patients undergoing OLT. Our findings contradict those
reported by Black et al. [2] and Koller et al. [12] and are
similar to those reported by Di Mauro et al. [5].

Materials and methods

Six adult patients (one female, five males) suffering from postnecro-
tic cirrhosis (Child B two patients, Child C four patients) and
accepted for OLT were included in an ongoing study of renal
function during the intraoperative period. The study was approved
by the Scientific Committee of our hospital and all the patients gave
their informed consent. Mean age was 4547 years and mean body
surface area was 1.76+0.39 m ™ 2.

Standard anaesthetic and surgical techniques, including veno-
venous bypass (VVBP) during the anhepatic phase, were used in
all patients. Haemodynamic monitoring included heart rate (HR,
beats/min), invasive (radial) arterial pressure (mm Hg), right atrial
(RAP), pulmonary artery and pulmonary capillary wedge (PWP)
pressures (mm Hg), cardiac output (CO, 1/min) (thermodilution
technique, Oxymetrix, Abbott), continuous mixed venous oxygen
saturation (S,0,, %) (Oxymetrix 3 Swan Ganz Catheter, Abbott).

Urinary output (UO) was measured hourly (ml/kg per h). Using
standard formulae, systemic vascular resistances (SVR, dyn/s per
cm™%) and cardiac index (CI, 1/m per m~2) were calculated. Mean
arterial pressure (MAP, mm Hg) was electronically derived from the
invasive measurements of arterial pressure.

Together with the complete haemodynamic and metabolic
profiles, arterial blood and urine samples were obtained for mea-
surements of electrolytes and creatinine at the following times: after
the induction of anaesthesia and right heart catheterization
(baseline), 120 min after skin incision (preanhepatic phase), at the
beginning of portal anastomosis (60—90 min following the vascular
exclusion of the native liver and while on partial VVBP, anhepatic
phase), 10 min after reperfusion of the graft (reperfusion) and at the
end of the surgical procedure, usnally from 120—150 min following
reperfusion (neohepatic phase). Urine flow rate, when needed, was
calculated by dividing urinary output by the duration in minutes of
the interval between the scheduled samples. At the same times,
additional arterial blood was drawn, immediately centrifuged and
stored at —20°C for later RIA determination of ANF (Eiken,
Japan); mean blood ANF concentration in normal internal controls
54 + 30 pg/ml, range of 9-100 pg/ml, aldosterone (normal values in
our laboratory during clinostatism, 2—10 ng/dl) and creatinine
clearance (CC, ml/min), sodium excretion (absolute and fractional,
FeNa, %) was also calculated using standard formulae. Intraopera-
tive diuretic stimulation included mannitol (60 mg/kg per h) and
furosemide (20— 100 mg when required).

Statistical methods
Data are reported as mean+SD. ANOVA and linear regression

analysis were used. Differences were considered significant for P
values <0.05.

Resulis

Five patients successfully underwent OLT and survived
for at least 3 months; one patient died on day 7 post-OLT.
Total blood losses ranged from 1800 to 8000 ml. Median
duration of the whole surgical procedure was 600 min
{480-720 min). Arterial oxygen saturation was main-
tained above 98% in all patients throughout surgery
(range 98.5-100%). Haemodynamic and hormonal data
recorded during the various phases of,OLT are shown in
Table 1.

Baseline CC (range 80-130 ml/min) and UO (range
0.8-3.0 ml/kg per h) were within normal limits in all
patients, while arterial ANF concentrations, as expected
in cirrhotic patients, were higher than normal (range 130 -
170 pg/ml). Basal haemodynamic profiles were charac-
terized by low SVR and high CI, while HR, MAP and
filling pressures (RAP, PWP) were within normal limits.
During the preanhepatic phase, progressive volume load-
ing and low blood losses produced an elevation of RAP,
PWP, CI, CC and UO; ANF, as expected, increased.
Signifcant changes in CI (—32%), PWP (—40%) and
SVR (4 33%) occurred during the anhepatic phase in
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Table 1 Haemodynamic and hormonal data recorded during the
various phases of OLT (means +SD) Renin activity (mean +SD)
was measured in three of the six patients (/R heart rate, M AP mean
arterial pressure, PWP pulmonary wedge pressure, C/ cardiac

index, SVR systemic vascular resistance, ANF arterial natriuretic
factor, ALDOST aldosterone, FeNa fractional sodium excretion,
CC creatinine clearance)

Baseline Preanhepatic Anhepatic Reperfusion End of surgery

HR (beat/min) 96 +11 86 +6 100 +16 100 +12 9 49
MAP {mmHg) 82 38 94 +10 90 +7 30 +14 95 +5
PWP (mmHg) 10 £2 13 £2 8§ +1* 11 +2 11 +2
CI (I/min perm ™~ %) 5 31 6.6+4 5 +1° 6.6+1.7 6.1+1.3
SVR (dyn/s percm ™ *) 600 +130 560 +61 750 1652 500 +235 600 +250
ANF (pg/ml) 140 £39 280 +116 478 +269* 152 +94 125 +39*
ALDOST 25 +7.6 35548 54 +5¢ 48 +2°¢ 44 +0.5°
FeNa (%) 0.5+0.3 22416 3.5+2.8% 3.6+3.9% 3.4+2.8*
CC (ml/min) 120 +16 140 +29 80 +30%* 50 +40%* 40 +38%*
Renin (ng/ml per h) 32418 124+7 17.7+8 20 +14 9 +4

* P <0.02 vs baseline, * P < 0.02 vs preanhepatic, ® P < 0.01 vs preanhepatic, ¢ P <0.001 vs baseline

spite of the use of VVBP. Arterial blood ANF levels
increased further and significantly compared with the
preanhepatic phase (+ 58%); the same trend was re-
corded for aldosterone (4 50 %). A marked deterioration
in renal function (as evidenced by a significant fall in UO
and CC) occurred during this phase.

High CI, low SVR and cardiac filling pressures at the
upper normal limits were recorded early after reperfusion
of the graft. Impairment in renal function with further
significant decreases in CC persisted after reperfusion and
were still present at the end of surgery in spite of markedly
increased UQO. Absolute sodium excretion did not change
throughout surgery. FeNa increased significantly during
the anhepatic phase and following reperfusion, and it was
linked to the reduced CC. ANF fell sharply following
reperfusion, and blood levels close to baseline were
recorded at the end of the surgical procedure. ANF blood
levels showed a fairly good correlation with aldosterone
(r=0.52, P £0.01) throughout the whole surgical proce-
dure. Plasma renin activity (ng/ml per h) measured by
radioimmunoassay in only three of the six patients
increased during the anhepatic phase (3.24+1.8 to
17.7+8) peaked early after reperfusion (20+14) and
decreased at the end of surgery (9+4.2).

Discussion

Atrial distension and/or raised cardiac filling pressures
after volume loading are the main stimuli for the endo-
genous release of ANF in normal subjects as well as in
cirrhotic patients [11]. However, vasoconstrictive hor-
mones [10], tachycardia [17], increased sympathetic ner-
vous activity [6], vasopressin {19, 20] and hypoxia [1] have
also been found to stimulate its secretion. In contrast,

reduced levels of ANF are usually present with decreased
atrial stretch and deficits in body fluids {10, 16]

Black et al. [2] and Koller et al. [12], studying ANF
changes in patients undergoing OLT, found a direct
correlation between cardiac filling pressures and ANF
blood levels. ANF decreased during the anhepatic phase
when cardiac filling pressures were lower. The decreased
circulating levels of the peptide during this phase were
ascribed to reduced atrial stretch. No correlation has been
found between diuresis and ANF levels [2].

In contrast to these results, we found a steady increase
in ANF levels during the anhepatic phase, a sharp
decrease early after reperfusion and blood levels close to
baseline at the end of surgery. Surprisingly, the haemody-
namic profiles recorded in our patients during the an-
hepatic phase and after reperfusion were similar to those
found by Black et al. [2] and Koller et al. [12]. Results
similar to ours have been reported by Di Mauro et al. [5]
who ascribed a postreperfusion decrease in ANF blood
levels to an increased clearance of the peptide by the new
liver.

Such conflicting results rais¢ the possibility that more
complex mechanisms than simple atrial distension are in-
volved in the control of ANF secretion. Catecholamines
and direct adrenergic stimulation have been shown both
experimentally and clinically to stimulate ANF release
by atrial cardiocytes. In an experimental model of hypo-
volaemic shock [18], haemorrhage of 40% of the blood
volume significantly reduced MAP, RAP and CI and
induced a significant increase in HR, catecholamines,
renin activity and SVR. These changes were associated
with a significant increase in ANF levels which returned
to baseline after fluid resuscitation. ANF levels have been
reported to increase substantially during surgery for
phaeochromocytoma. The parallel changes in ANF and
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catecholamines suggest a direct effect of high levels of
endogenously released catecholamines on the stimulation
of ANF release [6]. Markedly increased levels of ANF
have been found by Putensen et al. [15] in untreated
hypovolaemic trauma patients. Fluid resuscitation was
able to normalize the high circulating levels of ANF,
confirming in a clinical setting the findings reported by
Shackford et al. in their haemorragic shock model [18].
The increase in ANF levels during hypovolaemia has
been interpreted as a counterregulatory response to
vasoconstriction and fluid-conserving mechanisms [15].
Reduced degradation of ANF during splanchnic hypo-
perfusion has to be considered as a possible coexisting
mechanism able to increase ANF blood levels. The role of
splanchnic clearance, however, may not be critical since
most ANF total body clearance (almost 50%) seems to
occur via the lungs, while renal and hepatic-splanchnic
degradation account for only 15% and 20—25 %, respec-
tively [7].

High SVR, low cardiac filling pressures, decreased UO
and significantly increased blood levels of aldosterone
were present at the end of the anhepatic phase in all the
patients we studied. A sympathetic response to relative
hypovolaemia could be considered a likely cause for the
observed haemodynamic and hormonal profiles. Renin
activity, available for three of the six patients, increased
during the anhepatic phase, possibly confirming this

hypothesis. Thus, the increased levels of ANF during the
anhepatic phase could reflect an enhanced release of the
peptide, acting in a counterregulatory manner to vaso-
constriction and fluid-conserving mechanisms. Since the
liver has no major specificity for ANF degradation [7], the
absence of hepatic clearance during the anhepatic phase
should have played only a minor role in increasing blood
levels of the peptide during this phase in the series
reported by Black et al. [2] and Koller et al. [12] ANF
levels during the anhepatic stage decreased). In our series,
the sharp decrease in ANF recorded after graft reperfu-
sion and blood levels close to baseline found at the end of
surgery occurred in spite of higher filling pressures, larger
CI and increased UO. There seem to be two most likely
explanations. First, volume normalization could have
reduced the vasoconstricting and fluid-sparing stimuli
[15]. Second, the initial functional recovery of the liver,
present in all patients, could have enhanced ANF clearan-
ce and possibly could have assisted, at least partly, in
lowering circulating blood levels.

In conclusion, the main finding of our study was the
sharp increase in ANF during the anhepatic phase. The
small number of patients prevent us from drawing any
definitive conclusion, but these results could reinforce the
hypothesis that ANF is able to act as a physiological
antagonist to endogenous vasoconstrictors and fluid-
sparing hormones released during hypovolaemia.
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