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Summary
Fasting concentrations of plasma bilirubin were
measured in 34 patients on admission to hospital and
daily for 7 days after uncomplicated myocardial in-
farction. Mean concentrations increased significantly
to reach maximum levels on the second day after ad-
mission, and fell during the following 5 days to reach
the admission level by the 7th day. Unconjugated
bilirubin accounted for most of this rise. Serum con-
centrations of free fatty acids (FFA), measured simul-
taneously in 12 patients, were highest within 12 hr of
the onset of symptoms, when their level was signifi-
cantly higher than at any time after the first day. It
is suggested that the transient hyperbilirubinaemia
after uncomplicated myocardial infarction is frequent
and may result from interference by FFA with bilirubin
metabolism.

Introduction
Transient abnormalities of liver function tests

have been reported after acute myocardial infarction
even in the absence of severe haemodynamic changes
(Aber et al., 1966; Das, Nussbaum and Leff, 1974).
Observing raised bilirubin concentrations in the first
few days after myocardial infarction, the authors
investigated the frequency of this phenomenon by
measuring total and conjugated bilirubin in con-
secutive cases of uncomplicated myocardial infarc-
tion during a 2-year period and studied its mechan-
ism by measuring serum free fatty acid (FFA: non-
esterified fatty acids) concentrations and by assessing
liver blood flow, using indocyanine green (ICG)
plasma clearance, in some patients.

Patients and methods
Thirty-four patients were studied after giving their
* Present address and reprint requests: Department of

Gastroenterology, The London Hospital, London El1 BB.

informed and written consent. Each had suffered an
acute myocardial infarction, confirmed by electro-
cardiography, and uncomplicated by severe heart
failure, shock or cardiac arrest. Most patients re-
ceived at least one i.m. injection of an opiate, and
many were given nitrazepam and diazepam orally.
Patients requiring heparin, isoprenaline and r-
adrenergic blocking drugs were excluded, since
these drugs influence FFA concentrations in the
blood.

Concentrations of plasma bilirubin and of serum
FFA were measured in blood taken from the patients
on admission to hospital, and then daily while the
patients were recumbent and still fasting from the
previous midnight. Daily calorie intake during the
study was not formally measured.
Plasma total bilirubin concentrations were mea-

sured in 24 patients by the fully automated method of
Jendrassik and Grof, the upper limit of normal
being 20 ,umol/l and the mean coefficient of variation
2-7%. Values were not obtained on each day of
the study in every patient. Plasma total bilirubin
levels were also measured by a modification of the
method of Michaelsson (Thompson, 1969), the upper
limit of normal being 14-5 ,umol/l and the mean co-
efficient of variation 1-6%. This method was used to
measure plasma total bilirubin concentrations in 19
patients (9 of the same 24 and 10 others). In 16 of
these 19 patients, concentrations of conjugated bili-
rubin were also measured and an estimate of un-
conjugated bilirubin was thus obtained by subtrac-
tion. The performance of both methods was checked
using reconstituted freeze-dried, quality-controlled
serum containing known concentrations of bilirubin
(Versatol Hi and Versatol Lo, General Diagnostics,
U.S.A.).

In 12 of the second group of 19 patients FFA con-
centrations were estimated by a semi-automated
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fluorimetric method (Carruthers and Young, 1973),
using the extraction procedure of Dole (1956). The
mean coefficient of variation was 4-6%. Blood for
this estimation was collected into glass tubes, al-
lowed to clot, and centrifuged at 1600g (3000 rev/
min) for 15 min at 4°C. The range of values ob-
tained from 13 fasting and resting control subjects
was 117 to 835 ,umol/l (as stearic acid), with a mean
(±s.e. mean) of 359±66 Lrmol/l (Kaye, Moorhead
and Wills, 1973).
To study changes in liver blood flow the plasma

clearance of ICG (Hynson, Westcott and Dunning
Inc., Baltimore, U.S.A.), using 0-25 mg/kg body
weight given i.v., was measured in 7 of the fasting
and recumbent patients on the day of admission and
again on the 7th day (Wiegand, Ketterer and Rapa-
port, 1960). Plasma clearance of ICG is closely re-
lated to liver blood flow.
The statistical significance of the data was assessed

by the two-tailed Student's t test.

Results
Mean plasma total bilirubin concentrations

measured by the Jendrassik method rose from 11 3 4
1-5 (mean ±s.e. mean, range 5-1-22 2) ,umol/l on ad-
mission to a maximum of 16- 1 ± 1 -2,umol/l (42% in-
crease, range 6-8-25-6, P<0-01) on the 2nd day,
following which they fell to the mean admission level
on the 7th day (10-1 ± 1-22,mol/l, P < 0 05, Fig. 1).
In 18 patients (75%) there was a rise in total bili-
rubin during the study and in the remainder, maxi-
mum values of total bilirubin were above normal on
admission to the study.

Similarly mean plasma total bilirubin concentra-
tions measured by the modified Michaelsson method
rose from 6-2±0 8 V±mol/l (range 3 6-8-9) on admis-
sion to 12 1 ±I14,umol/I (95% increase, range 4-4-
25 7, P< 0 025) on the 2nd day, following which they
fell to reach the mean concentration on admission
by the 7th day (6 2±088,mol/l, range 2-4-13 5, Fig.
1). In 14 patients (74%) there was a rise in total
bilirubin during the study. Mean concentrations of
plasma unconjugated bilirubin in 16 patients also
rose from 4 6 ±1.2,umol/l (49% of mean total bili-
rubin) on the first day after admission to 8-0±3-0
,umol/l, an increase of 74% (67% of mean total bili-
rubin, n.s.) by the 2nd day, and fell during the follow-
ing 5 days to 3-4± 1.0,umol/l on the 7th day (55% of
total bilirubin, Fig. 1). Mean concentrations of
conjugated bilirubin remained unchanged during the
study, except for the last 2 days when they were
lower than at any other time. In only 2 of the 34
patients did the total bilirubin concentrations, by
either method of measurement, fall between the day
of admission and the 2nd day, while in 16 patients
(47%) total bilirubin rose above the normal range

for the method of measurement on at least one occa-
sion during the 7 days' study.
Serum FFA concentrations were highest on ad-

mission when the mean value was 590±58 Vmol/l
and fell to 260 ±14 ,umol/l (56% decrease, P < 0 005)
on the 7th day (Fig. 2). The mean admission con-
centration of FFA was significantly higher (P<005)
than the mean concentrations for each day after the
first. Mean plasma concentrations of total bilirubin
in these 12 patients rose from 63 ±1-1 i.mol/l on'
admission to 10-6±1-1 ,mol/l (68% increase,
P < 0 01) on the 2nd day, followed by a steady fall to
the admission level on the 7th day (65 ± 1P0 mol/l,
Fig. 2).
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FIG. 1. Fasting plasma total bilirubin concentrations
(mean ±s.e. mean), measured by the methods of
Jendrassik and Grof ( * 0) and Michaielsson ( 0-0),
and fasting plasma unconjugated bilirubin concentra-
tions (mean±s.e. mean) by the Michaelsson method
( OL- L), on admission (day 0) and daily for 7 days in
34 patients after myocardial infarction. (I ,umol/l
bilirubin=0-058 mg/dl).

The mean plasma clearance of ICG in the 7
patients was 404±53 ml/min on admission and by
the 7th day had increased to 576±75 ml/min. This
is an increase of 43% (P < 0025), or 49% when
clearance is measured in relation to body weight. In
6 of the 7 patients studied, ICG clearance was higher
on the 7th day than on admission.

Discussion
This study demonstrates that following an un-

complicated myocardial infarction there is usually a
rise in the concentration of total bilirubin in plasma,
the majority of which is unconjugated bilirubin. In
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Plasma bilirubin and FFA after myocardial infarction
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FIG. 2. Fasting plasma total bilirubin concentrations (mean±s.e. mean) ( *- ), measured by the Michaelsson
method, and fasting serum FFA concentrations (mean+s.e. mean) (A- A), on admission (day 0) and daily for
7 days in 12 patients after myocardial infarction- (1 lmol/l bilirubin=0-058 mg/dl; 1 t±mol/l FFA= 0-028 mg/dl).

almost 50% of the patients studied, total bilirubin
rose to above the upper limit of normal but the
changes in bilirubin are usually too small to be useful
in the diagnosis of an infarction. Conversely, the
bilirubin concentrations are seldom high enough to
suggest liver disease, although the concomitant rise
in transaminase levels may confuse.

This study also confirms that FFA concentrations
in the blood rise soon after myocardial infarction.
Elevations in serum FFA concentrations after myo-
cardial infarction are well recognized (Kurien and
Oliver, 1966) and have been recorded within 2 to 6
hr after the onset of symptoms (Kirkeby, 1972).
This suggests that peak concentrations were missed
in those patients in this study who were admitted
more than 6 hr after the onset of symptoms.
A rise in unconjugated bilirubin concentration

after uncomplicated myocardial infarction has not
previously been described, although abnormal tests
of hepatic function after myocardial infarction have
been documented (Aber et al., 1966; Das et al., 1974;
Rosin, 1961). Hepatic necrosis due to ischaemia has
occasionally been observed (Clarke, 1950), but this
is unlikely to explain the changes in bilirubin seen so
frequently in this study.

There are several possible explanations for this
rise in bilirubin. The lower plasma clearance of ICG
on the day of admission compared with that on the
7th day suggests that liver blood flow was reduced
early in the illness, when cardiac output is usually re-
duced, and circulating concentrations of noradrena-
line are increased. This supports the observation by
Prescott, Adjepon-Yamoah and Talbot (1976) that
the elimination from plasma of lignocaine, a drug

that is also highly dependent on liver blood flow for
its heptic uptake, is reduced even when myocardial
infarction is uncomplicated by heart failure. How-
ever, the reduced liver blood flow will have only a
small effect on the slow and relatively blood flow-
independent hepatic clearance of unconjugated bili-
rubin (Berk et al., 1969). It is unlikely also that ICG
itself would have affected hepatic uptake of bilirubin
as its own hepatic uptake is highly dependent on
liver blood flow.
Another mechanism could be increased formation

of bilirubin from myoglobin released from necrotic
myocardium after myocardial infarction. Kessler et
al. (1975) found myoglobin in the urine on at least
one occasion in 65% of patients with myocardial
infarction and of these 77% had myoglobinuria on
the first day of symptoms. It followed, therefore,
that with the development of a rapid radioimmuno-
assay method for the measurement of serum myo-
globin values, detection of myoglobin in serum
would be proposed as a 'screening test' for the pre-
sence of myocardial infarction (Gilkeson et al., 1978).
It is certainly possible that the conversion of myo-
globin to bilirubin may contribute to the early rise
in plasma bilirubin detected in this study, but its
rapid disappearance from blood is inconsistent with
the steady fall in bilirubin measured over 7 days in
this study.
Reduced calorie intake results in unconjugated

hyperbilirubinaemia (Bloomer et al., 1971) and
might be important in the first days after myocardial
infarction when patients are anorexic. However, it
was probably exceptional for the daily intake of
these patients to be as low as 167 kJ and bilirubin
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concentrations fell gradually and not sharply when
normal food intake was restored. The concentrations
of serum FFA are increased after myocardial infarc-
tion, and they might elevate bilirubin concentrations
by competitive interference with hepatic bilirubin
clearance, a mechanism already proposed to explain
the unconjugated hyperbilirubinaemia of fasting
(Cowan et al., 1977). Bilirubin and FFA concentra-
tions did not change synchronously in this study but
bilirubin concentrations will be slower than FFA to
respond to changes in the rate of hepatic uptake, so
plasma bilirubin will not change in parallel with the
faster changes of serum FFA.

Interference by FFA with bilirubin metabolism
might occur at any stage from the transport of bili-
rubin in the blood to its conjugation by the liver cell
(Cowan et al., 1977; Odi&vre, 1975) and, although
there are alternative explanations for the transient
unconjugated hyperbilirubinaemia after myocardial
infarction, the relationship between concentrations
of bilirubin and FFA found in this study supports
the suggestion that bilirubin concentrations in the
blood are influenced by the metabolism of FFA in
the liver.
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