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ABSTRACT
Background. Cardiopulmonary bypass (CPB) initiates an

inflammatory cascade, predisposing the patient to a number
of infections. The stress of surgery and anaesthesia further
expose the patient to a variety of non-infectious complications.
We report a group of patients who developed granulomatous
disease after open heart surgery.

Methods. We retrospectively analysed a subset of patients
who developed a syndrome of fever, jaundice and hepatomegaly
after open heart surgery. We recruited age- and sex-matched
controls who underwent open heart surgery during the same
period (July 2002–July 2004). Details of demographic profiles,
diagnostic evaluation and drug treatment were noted and
compared between the two groups using the SPSS software.

Results. Five patients were identified to have the specific
syndrome of high grade intermittent fever with jaundice and
hepatomegaly with investigations revealing an intrahepatic
cholestasis. A detailed evaluation revealed granulomas in
tissue specimens of the bone marrow and/or liver in these
patients. An extensive evaluation for an alternative aetiological
agent was non-contributory.

Conclusion. We found granulomatous hepatitis in 5 patients
following open heart surgery and they were given conventional
antituberculous therapy to which they responded. It is possible
that in these patients, tuberculosis was re-activated from a
dormant focus due to a period of transient immunodeficiency
caused by an extracorporeal circulation.
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INTRODUCTION
During cardiopulmonary bypass (CPB), there is alteration of the
normal blood flow characteristics due to non-pulsatile perfusion,
contact of blood constituents with the surface membrane of the
artificial bypass system and cardiac ischaemia induced by
hypothermia.1 This induces various inflammatory reactions and
the cellular and humoral immune systems undergo both quantitative

and qualitative changes, leading to a transient immunodeficiency
that could last up to 7 days.2,3 The mechanism responsible for this
decrease in T lymphocytes in circulating blood after CPB is not
defined. The possible causes of these quantitative and qualitative
changes in T lymphocytes are elevated serum cortisol levels after
surgery, dilution of blood with fluid shifts between the extravascular
and intravascular compartments, mechanical destruction and
consumption.1 This could lead to the occurrence of fever and
occasionally jaundice after CPB.

The common causes of fever in the initial 10 days after CPB are
pericardiotomy syndrome (35.8%), drug fever (26.9%), respiratory
infections (18%), chest wall and surgical site infection (9.9%),
infective endocarditis (7%) and transfusion malaria (2.4%).4

These are often due to an infectious aetiology that is usually
hospital-acquired while a small proportion are due to an
autoimmune aetiology. Jaundice could be a manifestation of the
above-mentioned causes or due to a defect in hepatocyte excretion
of bilirubin (post-pump jaundice).5 The other determinants of
jaundice in the postoperative period following cardiac surgery are
severity of right heart failure, number of blood transfusions and
periods of hypoxia or hypotension.6

We describe the occurrence of fever and jaundice caused by
granulomatous hepatitis following CPB in 5 patients at our centre.

METHODS
We in the Department of Medicine-I and Infectious Diseases
received a series of consultations from the Department of Cardio-
Thoracic Surgery (CTS) for fever occurring postoperatively in
patients during the year 2003–04. Clinical examination revealed
jaundice and hepatomegaly. These patients were evaluated
extensively for causes of an acute febrile illness including complete
blood count, blood smear for malarial parasites × 3, salmonella
antigen (typhidot), urinalysis, chest X-ray, viral markers and liver
and renal function tests. Blood and urine cultures were done and all
were negative. Non-steroidal anti-inflammatory drugs were started
for a possible post-pericardiotomy syndrome but elicited no response.
Subsequently, all these patients were transferred to our department
for an extensive work-up of their pyrexia of unknown origin (PUO).
A PUO work-up revealed granulomas in the bone marrow and/or
liver. Based on this finding, they were started on empirical
antituberculous therapy (ATT) to which they responded remarkably.

To rule out a nosocomial aetiology for this mycobacterial
infection, we observed various cardiac surgical procedures and
surveillance cultures were taken from the theatres and equipment
used. We also obtained routine and mycobacterial cultures from
the bypass machine, pump circuits and the cardioplegic solution—
all of these were negative.
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Since this was an undescribed phenomenon, we attempted to
identify risk factors for developing granulomatous hepatitis. We
selected age- and sex-matched controls all of whom had under-
gone open heart surgery on CPB but did not develop granulomatous
hepatitis during the same period. We defined a case as ‘A patient
who underwent open heart surgery on CPB and developed fever,
jaundice or hepatomegaly postoperatively with work-up for the
cause of fever being negative and a clinical response to ATT with
defervescence of fever and jaundice showing a downward trend’.
A control was defined as ‘A patient who underwent open heart
surgery on CPB during the same period but did not develop fever,
jaundice or hepatomegaly’. We had 5 cases and 20 controls (4
controls for each case). The demographic profile, details of
diagnostic evaluation and drug treatment were recorded on
proformas. The variables evaluated were age, drugs used before,
during and after surgery, the total duration and type of anaesthesia,
dose of cardioplegia, time on CPB, total ischaemia time (time the
aorta was cross-clamped), duration of surgery, units of blood
transfused, urine output during surgery and duration taken for
recovery from anaesthesia. Mann–Whitney or t test were applied
to compare time-related variables and chi-square test was used to
compare the use of drugs between the two groups.

We also reviewed the records of all patients who underwent
cardiac surgery needing CPB for 1 year before this episode at our
institution to identify other patients with similar presentations.

RESULTS
A total of 779 patients underwent open heart surgery on CPB from
July 2002 to July 2004 (24 months).

We had 5 cases and 20 age- and sex-matched controls. All were
males. Among our 5 cases the mean age was 39.4 years (range 18–
58 years). Three underwent surgery for coronary artery disease and
2 for valvular heart defects. Among the cases the mean duration of
onset of fever from surgery was 5.2 days and of jaundice from
surgery was 11.4 days. The mean duration of fever was 42 days
with a mean temperature of 39 °C. One patient was anaemic
preoperatively. Abnormal liver function tests included markedly
elevated alkaline phosphatase levels (mean 1188 U/L, range 714–
1710 U/L) and transaminases (SGOT mean 289 U/L; SGPT mean
304 U/L). Tuberculosis was diagnosed in all 5 cases based on
granulomas seen on histopathological examination of the bone
marrow (in all 5) and liver (2) specimens with good response to
ATT, i.e. resolution of fever and jaundice in a mean time of 25 days.

The first 3 patients had a fairly uneventful hospital stay and
were discharged after they were afebrile and the liver function
tests showed a downward trend. The fourth patient developed
renal failure secondary to aminoglycoside administration which
improved with haemodialysis and conservative management.
This patient was put on a modified ATT regimen due to drug-
induced hepatitis and renal failure. Six months later, he developed
smear and culture proven multidrug-resistant tuberculosis, thus
confirming our original diagnosis of tuberculosis. He is well on
follow up. The fifth patient developed extensive thrombosis of the
subclavian and axillary veins and succumbed to a possible
ischaemic colitis.

The baseline characteristics of the cases and controls were
similar (Table I). All were adult males. The important co-morbid
conditions seen were hypertension, diabetes, transient ischaemic
attack, peripheral vascular disease, hypothyroidism, beta-
thalassaemia and renal artery stenosis. The commonly used drugs
preoperatively were antibiotics such as cefuroxime and gentamicin,
beta-blockers, antihypertensives, nitrates, statins and digoxin.

The commonly used anaesthetics for induction were halothane
and isoflurane. Fentanyl, midazolam and vecuronium were
commonly used for maintainence.

The duration of CPB in controls ranged from 45 to 118 minutes
(mean 72.4 minutes; median 66 minutes) and in cases from 54 to
120 minutes (mean 75.2; median 68 minutes). The mean amount
of cardioplegic solution used was 1124 ml in cases and 1360 ml
in controls. All patients recovered from anaesthesia without
delay except for 1 patient in the control group. The commonly
encountered postoperative complications among cases and controls
were pericardial effusion, postoperative bleeding, cerebral
ischaemic events, and urinary tract and wound infections.

We performed statistical analyses to compare the drugs used
among cases and controls to see if a drug-related cholestasis could
be the culprit, but found no significant difference. None of the
other variables including preoperative co-morbid conditions or
postoperative complications evaluated were found to contribute
towards development of this syndrome.

TABLE I. Baseline characteristics of the cases and controls
Characteristic Cases (n=5) Controls (n=20)

Mean age (in years) 39.4 40.5

Underlying disease 
Rheumatic heart disease 2 6 
Coronary artery disease 3 12 
Congenital heart disease 0 2 
Left ventricular dysfunction
Present 2 1 
Absent 3 19 
Use of drugs 
Nitrates Yes 2 11 

No 3 9 
Digoxin Yes 0 4 

No 5 16 
Statins Yes 2 9 

No 3 11 
Co-morbid conditions 
Present 3 11
Absent 2 9
Preoperative lymphopenia (<1200/cmm)
Present 0 1
Absent 5 19

TABLE II. Comparison of selected variables between cases and
controls

Variable Cases (n= 5) Controls (n=20) p value
Mean age (in years) 39.4 (17.7) 40.5 (18.0) 0.89
Dose of cardioplegia (ml) 1360 (227.5) 1124 (399.4) 0.04
Duration of CPB (minutes) 75.2 (26.2) 72.4 (21.8) 0.82 
Total ischaemia time (minutes)  37.2 (10.8) 38.4 (11.9) 0.97
Intraoperative urine output (ml) 105 (41.2) 113.8 (101.3) 0.53
Duration of surgery (minutes) 193.8 (41.5) 203.8 (58.4) 0.58
Duration of anaesthesia (minutes) 241.3 (48.0) 258.5 (60.5) 0.63
Duration of postoperative 25 1.4

fever (days)
Number of intubated days 2.5 (1.9) 1.6 (1.6) 0.35
Stay in intensive care unit (days) 3.5 (2.4) 2.9 (1.8) 0.68
Mortality 1 0
Intraoperative drop in haemoglobin 5.3 (3.9) 5.8 (1.4) 0.80
Intraoperative transfusion of >5 2 6 0.60

units of blood/blood products
CPB cardiopulmonary bypass Values are mean (SD)
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Eighteen patients were identified with a clinical presentation
similar to the cases in our series and were discharged after
extensive but negative evaluation for prolonged fever. None of
them had bone marrow or liver biopsies nor were they empirically
started on ATT and hence we did not include these patients in our
series. Our records show that 1 of these 18 patients developed
sputum-positive pulmonary tuberculosis 1 year later.

DISCUSSION
We report here, a hitherto undescribed syndrome of fever,
hepatomegaly and cholestatic jaundice or granulomatous hepatitis
that occurred after CPB with a response to ATT in 5 patients.

The frequency of fever following open heart surgery is 11% in
adults and 30% in children.4,7 There are no hospital data from
India that describe causes of fever following CPB. The common
nosocomial causes of fever post-cardiac surgery described in
series from China and Spain are ventilator-associated pneumonia,
catheter-related urinary tract infections, wound and blood stream
infections and transfusion-associated malaria. The commonly
reported non-infectious causes of fever are drug fever and post-
pericardiotomy syndrome.4

The 5 patients, in whom we found granulomas in the bone
marrow and liver, responded well to the ATT. The fever came
down and jaundice settled within 25 days of therapy. It is possible
that these patients re-activated dormant tuberculous foci. The
common aetiologies of granulomas in the liver and bone marrow
are infections such as tuberculosis, salmonellosis, brucellosis,
histoplasmosis, Q fever, visceral leishmaniasis and schistosomiasis.
Among the non-infectious causes, sarcoidosis, lymphomas, Crohn
disease, graft versus host disease (GVHD) and drugs such as
ibuprofen and amiodarone predominate.8,9

The differential diagnoses among the patients without granulomas
in the bone marrow or liver were drug or anaesthetic agent-induced
cholestatic jaundice, viral hepatitis, benign cholestasis, ischaemic
hepatitis and transfusion-associated GVHD.10 However, no obvious
hepatotoxic drug was identified and others were thought to be
unlikely causes as fever was a prominent symptom and the liver
biopsy did not reveal features suggestive of the above conditions.
Sepsis syndrome though considered a possibility was eventually
ruled out as we could not isolate any organism despite numerous
cultures from different specimens and sites. Sternal tubercular
osteomyelitis after open heart surgery has been reported both from
India11 and abroad12 usually occurring at a period ranging from 6
months to a year after surgery along the surgical scar. However, in
our patients the symptoms started in the immediate postoperative
period and hence we believe the mechanism of re-activation of
tuberculosis is perhaps related to the immunodeficiency caused by
the surgical procedure.

Transient immune deficiency is known to occur after CPB as
it affects both the innate and adaptive immune systems leading to
qualitative and quantitative changes. There is a decrease in CD3+,
CD4+ and CD8+ T cells with a reversal of the normal CD4+/
CD8+ ratio. Such changes are maximal on postoperative day 1 and
remain for approximately 1 week.3,13 In addition, there is evidence
to suggest that the function of specific immune cells especially TH
lymphocytes is severely suppressed beginning on postoperative
day 1. There is a decreased release of TH-1 cytokines (IL-2 and
IFN-γ) with evidence of increased TH-2 cell activity in the
postoperative period postulating a TH-1/TH-2 shift.14 It is possible
that this brief period of immunodeficiency could have triggered an

activation of underlying latent tuberculosis in an atypical manner,
but since immune recovery is fairly rapid we were unable to
isolate mycobacteria. There are 2 reports from Asia of pulmonary
tuberculosis being re-activated in patients who underwent open
heart surgery on CPB.15,16 A similar picture is often seen in patients
with AIDS with profound immunodeficiency who are started on
highly active antiretroviral therapy (HAART) and then develop
an immune restoration disease with atypical features due to
possible missed subclinical infection.17

In conclusion, we describe here a novel entity of granulomatous
hepatitis occurring in patients undergoing open heart surgery which
responded to ATT, suggesting a probable tuberculous aetiology.
An extensive work up for fever and jaundice was non-contributory.
A limitation of our report is that we were unable to process tissue
for a confirmatory diagnosis using molecular techniques. However,
in the future, if a similar epidemic recurs we will attempt to obtain
a diagnosis using molecular diagnostic tools.
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