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ABSTRACT

Background: Postoperative hyperbilirubinemia is one of the complications of cardiopulmonary
bypass. The purpose of this study was to investigate the incidence and nature of
postoperative jaundice in patients undergoing cardiac surgery, to analyze the
determinants, and to identify the clinical significance of this complication with regard to
the associated morbidity and mortality.

Methods: This prospective, descriptive study was conducted on 600 patients between 2014 and
2015 in Rajaie Cardiovascular, Medical, and Research Center, Tehran, Iran. Six hundred
adult patients candidated for open heart surgery were divided into 3 groups. Group A
comprised 200 patients who underwent coronary artery bypass grafting (CABG), Group
B 200 patients who underwent aortic valve replacement (AVR)+CABG, and Group C 200
patients who underwent mitral valve replacement (MVR)+CAB. Aminotransferases
(ALT and AST), alkaline phosphatase, and both types of bilirubin (total bilirubin and
indirect bilirubin) were determined at admission. Liver function tests were conducted
preoperatively, immediately after surgery, and on the 1st, 3rd, and 7th
postoperative days. These data were categorized and analyzed. The presence of jaundice
was associated with elevated serum bilirubin levels above 3 mg/dL.

Results: Hyperbilirubinemia developed in 150 (25%) patients. The incidence of postoperative
jaundice was higher in the patients who underwent MVR+CABG than in those who
underwent CABG and AVR+CABG. Hyperbilirubinemia was correlated with prolonged
cardiopulmonary bypass time (P<0.001), aortic cross-clamp time (P<0.001), hypotension
during the pump (P<0.001), and number of blood transfusions.

Conclusions: Although hyperbilirubinemia seems to be multifactorial, the type of surgery,
cardiopulmonary bypass time, aortic cross-clamp time, hypotension during the pump, and
number of blood transfusions seem to determine the incidence of jaundice. (lranian
Heart Journal 2017; 18(2):30-35)
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ccording to the previous studies,
Apostoperative jaundice after open

cardiac surgery is associated with
25% of deaths.’ Postoperative hyperbilirubin-
emia has been cited as a cause of mortality in
several studies. Gastrointestinal complications
following cardiac surgery are associated with
high morbidity and mortality rates, prolonged
hospital stay, and increased cost of
hospitalization. Open cardiac surgery
requires the use of cardiopulmonary bypass
(CPB) pump, which takes over the function
of the heart, lung, and circulatory system. The
pump or extracorporeal circulation has
important effects on body organs, including
the liver, due to the activation of the
coagulation system and the complement
system, hemodilution, decreased tissue
perfusion, neuroendocrinological abnormal-
ities, hypothermia, and existence of non-
pulsatile perfusion. The most important
complication of the pump is the disturbance
of oxygen transport, of metabolism, and of the
hepatic blood flow. * * The pump-induced
disturbed hepatic blood flow is in the form of
contracted arteries and decreased oxygen
consumption, which leads to a 50% decrease
in the hepatic blood flow compared to the
normal state. The decreased blood circulation
is more observable while cooling and heating
patients during the pump. > The liver is a
strong organ that resists for many years
against biochemical toxins and for hours
against hypoxia. However, despite these
excellent and significant abilities, cardiac
surgery imposes degrees of liver failure on
2.3% of patients. As liver failure happens, the
mortality rate significantly increases too. The
most important factors causing postoperative
liver failure after open cardiac surgery are
pharmaceutical factors for anesthesia, primary
heart failure, and cardiopulmonary pump. °
Despite the advances made in the areas of
anesthesia, extracorporeal circulation, surgery
techniques, and postoperative cares, the
postoperative rate of hyperbilirubinemia is

Golitaleb M, et al

still high. Given the importance of liver
function for health, an increase in the levels of
liver enzymes introduces damage to
hepatocytes, which leads to longer hospital
stay of patients and more costs. * However, in
more recent retrospective studies, it has
become apparent that postoperative jaundice
occurs in a substantial number of cases and its
incidence is estimated to be more than 20%.
The purpose of the present study was to
investigate the incidence and nature of
postoperative jaundice in patients undergoing
cardiac  operations, to analyze the
determinants, and to identify the clinical
significance of this complication vis-a-vis
morbidity.

METHODS

This prospective, descriptive study was
conducted on 600 patients between December
2014 and 2015 in Rajaie Cardiovascular,
Medical, and Research Center, Tehran, Iran.
Six hundred adult patients candidated for
open heart surgery were divided into 3
groups. Group A consisted of 200 patients
who underwent coronary artery bypass
grafting (CABG), Group B 200 patients who
underwent  aortic  valve  replacement
(AVR)+CABG, and Group C 200 patients
who underwent mitral valve replacement
(MVR)+CABG.

Aminotransferases (ALT and AST), alkaline
phosphatase (AKP), and both types of
bilirubin (total bilirubin and indirect bilirubin)
were determined at admission. Liver function
tests were conducted preoperatively,
immediately after surgery and on the 1st, 3rd,
and 7th postoperative days. These data were
categorized and analyzed. The presence of
jaundice was associated with elevated serum
bilirubin levels above 3 mg/dL. The exclusion
criteria were comprised of patients with a
clinical history of Gilbert’s syndrome, clinical
history of cardiac arrest and cardiopulmonary
resuscitation before  surgery, severe and
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diagnosed chronic obstructive pulmonary
disease before surgery, severe arrhythmia,
renal failure, severe failure of the tricuspid
valve, severe pulmonary hypertension,
hepatitis B and C, patients affected by
postoperative compressive  pneumothorax
and/or difficult intubations due to the
complications of anesthesia and accidental
decannulation of the tracheostomy tube,
patients with an ejection fraction lower than
25%, patients having redo surgeries, and
patients reluctant to participate in the study.
All the operations were performed by the
same group of surgeons, while giving
anesthesia according to a standard protocol.
CPB was initiated after ascending aorta-to-
right atrial or bicaval cannulation. After
collecting the information from the patients’
records, we analyzed the effects of the
mentioned variables—including age, sex, type
of anesthesia, type of surgery, history of
alcohol use and cigarette smoking, body mass
index, cholesterol, LDL, HDL, type of the
pump (centrifugal or roller), amount of blood
transfusion (<6 units and >6 units),
hypothermia less than or equal to 28 °C and
more than 28 °C, duration of the pump (<100
min and >100 min), duration of aortic cross-
clamp (<60 min and >60 min), and
hypotension during surgery (mean blood
pressure <50 mm Hg). The data were
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expressed as meanststandard deviations
unless they were stated specifically. The data
were analyzed by SPSS, version 16, and a P
value less than 0.05 was considered
significant. The 4 test was used to compare
the qualitative characteristics. Analysis of
variance was performed to detect differences
between the groups. The Pearson linear, as
well as, stepwise multiple regression analysis
was employed in order to assess correlations
between the variables.

RESULTS

Out of the 600 the patients, 330 (55%) were
men and 270 (45%) were women. These
subjects were at an age range between 25 and
86 vyears. Totally, 372 (62.7%) patients
underwent the pump for a maximum of 100
minutes and 228 (37.3%) patients experienced
it for longer than 100 minutes. Moreover, 348
(58%) patients received a maximum of 6 units
of blood and 252 (42%) patients received
more than 6 units. In addition, 360 (60%)
patients had hypothermia over 28 °C and 240
(40%) experienced hypothermia equal to or
below 28 °C. For all the study participants,
the mean hypotension during surgery (mean
arterial pressure) was 60 mm Hg, mean
weight was 65.4 kg, and body mass index was
equal to 22.1.

Table 1. Demographic data and operative times among the 3 groups of patients

VEUELIES \ CABG CABG-AVR CABG-MVR [®
Age 64.3+11.2 6745.3 60.3+8 >0.623
Sex(F/M) 55/45 58/42 61/39 >0.725
Bypass time(min) 65+28 110445 140455 <0.05
Aortic cross-clamp(min) 50+19 85+32 110+40 < 0.05
Type pump(on/off) 180/20 200/0 200/0 >0.605
Mean body surface area(m?) 1.75+%12 1.25+%17 1.19+%23 >0.827

CABG, Coronary artery bypass grafting; AVR, Aortic valve replacement; MVR, Mitral valve replacement;

M/F, Male /female
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Figure 1. Postoperative jaundice levels between the groups.
Group A: CABG, Group B: AVR+CABG, Group C: MVR+CABG
CABG, Coronary artery bypass grafting; AVR, Aortic valve replacement;

MVR, Mitral valve replacement

The patients with early development of
postoperative hyperbilirubinemia had a longer
intensive care stay and higher mortality rate,

Without

Table 2. Mortality and morbidity in the patients with and without postoperative hyperbilirubinemia

while the late appearance of hyper-
bilirubinemia was associated with a prolonged
hospital stay (Table 2).

With

Hyperbilirubinemia Hyperbilirubinemia

Mortality 0% 3% < 0.005
Mean intensive care stay (d) 3.5+£3.17 7.35+6.75 <0.05
Mean hospital stay (d) 13.5+2.5 29.25+8.75 <0.05

According to our logistic regression analysis,
the number of the valves replaced, right atrial
pressure, and preoperative total serum

bilirubin level were risk factors for post-
operative hyperbilirubinemia (Table 3).

Table 3. Logistic regression analysis of risk factors for postoperative hyperbilirubinemia
Regression Partial Correlation  Standard Error

Coefficient Coefficient of the Mean
No. of the valves replaced 0.591 0.123 0.265 < 0.05
Right atrial pressure 0.212 0.117 0.317 <0.05
Preoperative total serum bilirubin 0.131 0.229 0.051 <0.05
DISCUSSION postoperative hyperbilirubinemia was 25%,

Although gastrointestinal complications after
open cardiac surgery in patients undergoing
CPB is about 2% to 3%, the mortality rate in
these patients varies from 11% to 59%.
Because of the non-pulsatile blood flow, the
pump or extracorporeal circulation causes
decreased tissue perfusion and disturbed liver
tissue oxygenation. ° The incidence of

which is similar to the data reported by Chu et
al, ° Collins et al, * and Wang et al. ** Chetty
et al ® conducted a research, entitled “Liver
Blood Flow During Cardiac Surgery”, on 10
patients using clarins indocyanine green
(ICG) and considering exclusion criteria that
included not having a clinical history or liver
disorders, appropriate left ventricular ejection
fraction, and CABG surgery  with
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hypothermia up to 30 °C. The authors found
that inducing anesthesia had no effect on the
liver blood flow. They also reported that
bypass at 30 °C decreased the liver blood
flow and it took 4 to 6 hours for the liver
blood flow to increase and 24 hours to reach
the normal range. In another physiological
study, Jacob et al ' investigated the
peripheral and central blood flows in the
organs. The authors looked into the changes
in the blood flow of the hepatic arteries,
femoral artery, and visceral organs in 17
patients and concluded that increased
peripheral blood flows and increased oxygen
uptakes in certain parts of the body might
cause a mismatch between the visceral organs
and metabolic needs, but this mismatch was
not associated with disturbed liver function.
Collins et al ™ investigated the incidence of
postoperative jaundice after open cardiac
surgery. One of the most important factors in
their study was blood transfusion. The
number of patients was 20 and other blood
products were integrated into the study as
well as red blood cells (whole or packed
blood). Also, the researchers divided the
amount of blood transfusion (packed globule)
into 2 categorized variables (<6 units and >6
units) and compared the increases in liver
tests and bilirubin with them. The limitation
of the study by Collins et al was both the low
number of patients and the integration of
other blood products into the study. Chu et al
19 posited that hypotension  in the early
postoperative period might reduce hepatic
perfusion and hypoxemia might further
decrease the hepatic oxygen supply. The
pathogenesis of hepatic lesions is complex
and multifactorial; nonetheless, the major
factor implicated in cardiac surgery is reduced
systemic blood flow, which leads to
inappropriate oxygen delivery and energy
deficit. D'Ancona et al * argued that during
the intraoperative phases, hypovolemia,
prolonged bypass, prolonged aortic cross-
clamp time, and administration of inotropes
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could cause hypoperfusion. In most of the
cases, jaundice is reversible with no harmful
results.  However, the more hyper-
bilirubinemia persists and ascends, the more
frequent the mortality is. Michalopoulos et al
18 concluded that hepatic dysfunction follows
other perioperative complications such as low
cardiac output syndrome, necessitating the
administration of inotropic agents and the
usage of the intra-aortic balloon pump, as
well as perioperative shock or arrest.
Postoperative jaundice is believed to occur
because the liver is “shocked” by
hypotension, hypoxia, or hypothermia or
chronically congested by right-heart failure.
Furthermore, there is a clear relationship
between the development of jaundice and the
type of surgery as severe hepatic dysfunction
may occur far more frequently in patients
undergoing MVR or multiple valve surgery
requiring more time and blood than in those
receiving coronary bypass graft procedures. *’
In addition, these patients have a higher
rate.  of postoperative infection, and
hyperbilirubinemia is  associated  with
prolonged mechanical ventilation and ICU
stay.

CONCLUSIONS

We suggest that postoperative hyper-
bilirubinemia is a multifactorial process
caused by both impaired liver function of
bilirubin transport and increased production
of bilirubin because of hemolysis. The
development of postoperative
hyperbilirubinemia was associated with a
higher mortality rate, longer duration of
artificial ventilation, and longer ICU stay time
in our study population.
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