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Jaundice after open heart surgery: a prospective study
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ABSTRACT One hundred and fifty four consecutive adult patients having cardiac surgery for a
variety of cardiac lesions were evaluated prospectively for postoperative jaundice, those with a

raised preoperative serum bilirubin concentration (greater than 34 ,mol/I or 2 mg/100 ml) being
excluded. The incidence of early postoperative jaundice, as defined by a serum bilirubin concent-
ration of 50 ,umoUl (3.0 mg/100 ml) or greater, was 23*4%. The jaundice was mild (bilirubin
concentration 51-100 ,umoll (3-.06.0 mg/100 ml)) in 26 patients (16.9%) and moderate to
severe (greater than 100 ,umol/I (6.0 mg/100 ml)) in 10 patients (6-5%). Important contributing
factors were the preoperative severity of right heart failure (raised right atrial 'pressure at heart
catheterisation) and hypotension or hypoxaemia and the amount of blood transfused during or
shortly after surgery. Age, sex, underlying cardiac lesion, whether halothane was used, operative
procedure, duration of cardiopulmonary bypass, and presence or absence of hepatitis B surface
antigen were not predictive of postoperative jaundice.

It has long been recognised that transient jaundice
could appear after a surgical procedure' and that
hepatic damage is particularly liable to follow car-
diopulmonary bypass.23 In one retrospective study
early jaundice was seen in 13% of 232 patients
undergoing open heart operations.4 In a similar
study 8.6% of 736 patients undergoing open heart
surgery developed postoperative jaundice.5 There
have, however, been only a few prospective
inquiries into the incidence and causes of postopera-
tive jaundice. The prospective study of Evans et a16
revealed a much higher incidence (21%) of post-
operative jaundice in patients having major non-
cardiac operations. The true incidence of early
jaundice after open heart surgery is therefore still
unclear and awaits further study.

Furthermore, all studies on jaundice after open
heart surgery were reported more than 10 years ago,
when the medical care of patients undergoing open
heart surgery was not as good as today, and when
the hepatitis B surface antigen (HBsAg) was not
recognised.7 HBsAg carriers are now known to har-
bour various liver lesions,8 which might contribute
to the development of postoperative jaundice.9 It
seemed therefore pertinent to investigate this prob-

Address for reprint requests: Dr Yun-Fan Liaw, Liver Unit,
Chang-Gung Memorial Hospital, 199 Tung Hwa North Road,
Taipei, Taiwan 105, Republic of China.

Accepted 8 September 1983

lem further by conducting a prospective study in an
area where HBsAg carriers are common.10

Patients and methods

From August 1979 to November 1980 a consecutive
series of 154 adult patients undergoing open heart
surgery were entered into this study. For reliable
assessment, patients with preoperative jaundice
(serum bilirubin concentration >34 umolI (2-0
mg/100 ml)) were excluded. Seventy-five were male
and 79 female, their ages ranging from 16 to 62
years (mean 34 years). The underlying heart lesions
are listed in table 1. None of the patients had a his-
tory of hepatobiliary disease.

Concentrations of serum alanine aminotransfer-
ase (normal <40 IU/l), alkaline phosphatase (nor-
mal <85 IU/l), and bilirubin (normal <17 ,umol/l
(1.0 mg/100 ml)) were measured by a sequential
multiple autoanalyser in all patients. Serum HBsAg
was studied by radioimmunoassay (Ausria II-125,
Abbott Laboratory, Chicago, III) in 144 patients.
Cardiac catheterisation had been performed in all
and right atrial pressure was measured in 130
patients.

General anaesthesia was induced with halothane
in 1 0 patients and with ether or nitrous oxide in the
other 44 patients. All patients had cardiopulmonary
bypass, with isovolaemic haemodilution, moderate
hypothermia (280 ± 6°C), and a polystan venothem
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Table 1 Incidence ofpostoperative jaundice in 154 patients subjected to open heart surgery

Heart lesion No of No with maximum total serum bilirubin Jaundice
cases (p.molll) of No (t%)

G<50 51-100 >100

Congenital 46 36 8 2 10 (21-7)
Mitral valve 72 55 13 4 17 (23-6
Aortic valve 17 12 3 2 5 (29-4 41 (26-3)
Multiple valve 6 3 1 2 3 (50-0
Coronary heart 11 10 1 0 1 (9.1)
Left atrium myxoma 2 2 0 0 0

Total 154 118 26 10 36 (23-4)

Conversion: SI to traditional units-Bilirubin: 1,umoU/l = 0-06 mg/100 ml.

oxygenator. Seventy four of the operative proce-

dures included valve replacement and 80 did not.
Arterial blood gas tensions were measured every

15 minutes during operation and an arterial oxygen

tension (Pao2) of less than 6.7 kPa (50 mm Hg) on

at least one occasion was considered to indicate
hypoxaemia.
Serum bilirubin, alanine aminotransferase, and

alkaline phosphatase were measured on postopera-
tive days 1, 2, 3, 4, and 7, or more often if this was
indicated clinically. Postoperative jaundice was

defined as a serum bilirubin concentration exceeding
50,molI (3-0 mg/100 ml).4 It was classified as mild
when the concentration was in the range 51-100
,umol/l (3.0-6.0 mg/100 ml) and moderate to severe

when it was greater than 100 ,umol/l. Arterial blood
gas tensions were measured every four hours and
systemic blood pressure was monitored every hour
during the first three days after operation. Hypox-
aemia was defined as Pao2 lower than 6-7 kPa
(50 mm Hg), and hypotension was defined as a

blood pressure lower than 90/60 mm Hg at any

time.
The total amount of blood transfused during or

just after operation was recorded.
The significance of differences between means

was determined by Student's t test. Frequency rates
were compared with the X2 test (with Yates's correc-

tion where appropriate).

Results

JAUNDICE FOLLOWING OPEN HEART SURGERY
Jaundice was observed in 36 patients (23-4%)-
mild in 26 (16-9%) and moderate to severe in an

additional 10 (6 5%). Only three patients had serum

bilirubin concentrations greater than 170 4moUl
(9.9 mg/100 ml)-these were 205, 273, and 616
,umol/l (12-0, 16-0, and 36-0 mg/100 ml) respec-

tively. The increased serum bilirubin was mainly
conjugated (55-79% of total bilirubin). The inci-
dence of postoperative jaundice was higher in

patients with congenital and valvular heart disease
than in patients with coronary heart disease, though
the difference is not significant (table 1).
Among 36 patients with postoperative jaundice,

31 (86.1%) attained peak serum bilirubin concen-
trations within three days after operation and these
declined rapidly thereafter. The other five patients
had peak serum bilirubin levels on postoperative
days 4-6 and these then declined gradually. Most
patients whose serum bilirubin levels peaked earlier
had mild jaundice while those in whom bilirubin
levels peaked later tended to have higher levels
(table 2).

PREOPERATIVE FEATURES
Table 3 compares the preoperative features of
patients with and without postoperative jaundice.
No significant difference was found between these
two groups with respect to age, sex, frequency of
abnormal serum alanine aminotransferase activity,
or HBsAg positivity. All 20 HBsAg carriers were
symptomless, with a mild increase in alanine amino-
transferase activity (41-94 IU/l) in seven (35%) of
them. Before operation there were significantly
higher frequencies of abnormal right atrial pressure
(normal -8 mm Hg) and serum bilirubin concentra-
tion (18-34 /xmolll (1-1-2-0 mg/100 ml)) in patients
developing postoperative jaundice.

Table 2 Time ofpeak serum bilirubin concentration and
severity ofpostoperative jaundice

Maximal serum Postoperative day ofpeak serum
bilirubin bilirubin
(pmol/l)

1 2 3 4 5 6

51-100 10 7 7 2 0 0
101-170 2 2 3 0 0 0
>170 0 0 0 1 1 1

(205) (273) (616)

Total 12 9 10 3 1 1

Parentheses indicate serum bilirubin concentrations (,umol/l).
Conversion: SI to taidonal unis-Biirubin: 1 nvoAl = 0-06 mg/l00 ml.
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Table 3 Comparison ofpreoperative features in patients with and without postoperative jaundice

Without jaundice With jaundice p
(n = 118) (n = 36)

Age (Mean (SD), years) 34-7 (13-2) 31-9 (11-8) NS
Sex (male, No (%)) 57 (48.3) 18 (50-0) NS
Elevated right atrium pressure
(No (%)) 8/99 (8-1) (10/31) (32-3) <0-001

Abnormal serum alanine
aminotransferase (No (%)) 14 (11-9) 6 (16-7) NS

Raised elevated serum
bilirubin (No (%)) 8 (6.8) 28 (78-8) <0-001

Serum HBsAg (No (%)) 15/109 (13-8) 5/33 (15-1) NS

NS-Not significant.

Table 4 Comparison of operative features in patients with and without postoperative jaundice

Without jaundice With jaundice p
(n = 118) (n = 36)

Halothane anaesthesia (No (%)) 87 (73-7) 23 (63-9) NS
Cardiopulmonary bypass time (mean
(SD) min) 56 2 (19-4) 50.4 (17-4) NS

Hypoxaemia during surgery (No (%)) 46 (39 0) 21 (58-3) <0 05

NS-Not significant.

Table 5 Comparison ofpostoperative features in patients with and without postoperative jaundice

Without jaundice With jaundice p
(n = 118) (n = 36)

Hypoxaemia (No (%)) 2 (1-7) 6 (16-7) <0 001
Hypotension (No (%)) 7 (5-9) 12 (33.3) <0-001
Maximum alanine aminotransferase
>200 IU/l No %)) 3 2-5) 9 (25-0 <0-001
>400 IU/I (No %)) 1 0.8) 6 (16.7 <0-001

Maximum alkaline phosphatase
>85 IU/I (No (%)) 37 (31-4) 20 (55:6) <0-01
>170 lU/l (No (%)) 2 (1-7) 5 (13.9) <0-02

Blood transfused (mean (SD), ml) 1436 (741) 1953 (819) <0-001

OPERATIVE FEATURES
The operative features of patients with and without
postoperative jaundice are summarised in table 4.
There was no significant difference with respect to
the type of anaesthetic or duration of cardiopulmo-
nary bypass, but hypoxaemia during operation was
significantly more frequent in patients developing
postoperative jaundice.
The incidence of postoperative jaundice was

slightly higher in patients who had valve replace-
ment than those who did not, but the difference was
not significant (28.4% v 18-8%, p >0 *05).

POSTOPERATIVE FEATURES
Table 5 shows the postoperative features of patients
with and without postoperative jaundice.
Significantly higher frequencies of hypotension and
hypoxaemia during the early postoperative period
were observed in patients developing jaundice.
Moderate to severe increases in serum alanine
aminotransferase and alkaline phosphatase activity
were observed much more frequently in those

developing jaundice. The patients developing jaun-
dice had significantly more blood transfused-an
average of about 520 ml more. Two patients in the
jaundice group died from an intracranial haemo-
rrhage and respiratory failure respectively. The sur-
gical morbidity and mortality rates were no different
between jaundiced and non-jaundiced patients.

COMPARISON OF RISK VARIABLES WITH
REFERENCE TO THE TIME OF PEAK SERUM
BILIRUBIN CONCENTRATION
The above risk variables for postoperative jaundice
were further analysed with reference to the time of
peak serum bilirubin concentration. Preoperative
and operative risk variables contributing to the
development of jaundice were essentially the same
in patients whose serum bilirubin concentration
peaked earlier as in those with later peaks. But the
latter group had much higher frequencies of hypox-
aemia and hypotension during the postoperative
period, had a much larger amount of blood trans-
fused, and also showed more severe changes in
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Jaundice after open heart surgery

serum alkaline phosphatase and alanine aminotrans-
ferase at postoperative follow up.

Discussion

In this prospective study 23-4% of the patients
developed jaundice, mostly of mild degree (72%),
shortly after open heart surgery. The incidence of
jaundice in this series is almost two to three times
that found in retrospective studies.4 5 This consider-
able difference in incidence may be related to the
fact that postoperative jaundice of mild degree
might be neglected in a retrospective study. On the
other hand, the incidence of postoperative jaundice
was particularly high (though the difference did not
reach significance) in patients with congenital and
valvular heart disease, and this trend might contri-
bute to the high overall incidence of jaundice
because most of our patients belonged to these two
groups (table 1).

This study also shows that many factors may con-
tribute to the development of jaundice after open
heart surgery. Before operation the most important
contributing factors are high right atrial pressure
and hyperbilirubinaemia, both reflecting the degree
of liver congestion.' Kingsley2 and Robinson
et a13 have suggested that severe heart failure pre-
disposes the patient to the development of clinical
jaundice after cardiopulmonary bypass. Our data
also show that among patients whose livers had been
congested, as a result either of right heart failure or
of tricuspid insufficiency, the incidence of post-
operative jaundice was significantly higher. In con-
trast, this study, unlike previous studies,45 failed to
show any correlation between the incidence of jaun-
dice and the nature of the cardiac lesions, age, or
sex. A poor condition of the liver before operation,
as shown by increased serum alanine aminotransfer-
ase activity or HBsAg positivity, also had no
influence on the development of clinical jaundice.
Although several investigators have shown a close

relationship between halothane anaesthesia and
liver dysfunction, '2-'4 our data as well as the findings
of other large retrospective and prospective series
have failed to show an increased risk of hepatic
complication in patients receiving halothane anaes-
thesia.6 15-"1 But this does not rule out the fact that
halothane can cause acute liver dysfunction'8 and
most hepatologists, anaesthetists, and surgeons now
agree that massive hepatic necrosis is a rare but
definite complication of halothane anaesthesia.9

During open heart surgery the most important
factor that contributed to the development of post-
operative jaundice is hypoxaemia, which has long
been recognised as an important cause of hepatic
damage.'920 Our data show that the complexity and
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duration of the open heart operation had no
influence on the development of jaundice. This
observation also contradicts the findings of retros-
pective studies.45 Furthermore, our data indicate
that hypoxaemia and hypotension in the early post-
operative period are also important factors con-
tributing to the development of jaundice and tend to
delay peaking of serum bilirubin concentrations in
these patients. This is understandable because
hypotension would reduce hepatic perfusion2' and
hypoxaemia further decrease hepatic oxygen supply.
Haemolysis of transfused blood is a common fac-

tor in postoperative jaundice.622 It is particularly
important in open heart surgery because both the
heart lung machine and the prosthesis shorten the
survival of transfused blood.423 Though we have not
checked the indices of haemolysis, such as serum
hepatoglobin and plasma haemoglobin concentra-
tions and red cell survival time, our patients who
developed postoperative jaundice had received
significantly more transfused blood. This would cer-
tainly cause an increased bilirubin load.24 In addi-
tion, significantly more blood was given to patients
whose serum bilirubin reached a peak later in the
postoperative period. This might also contribute to
the development of more severe jaundice in these
patients (table 2).

In summary, this prospective study showed a
much higher incidence of jaundice after open heart
surgery than has been found in retrospective inves-
tigations. It also indicated that the severity of right
heart failure before operation and hypoxaemia,
hypotension, and amount of blood used during and
shortly after operation are factors that contribute
significantly to the development of jaundice after
open heart surgery. Other factors suggested previ-
ously by retrospective studies were not shown to be
significant in this study.

We wish to thank Miss SW Hwu for her secretarial
assistance.
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