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Abstract 

Background: We aim to assess the incidence and perioperative risk factors for hyperbilirubinemia and hepatic 

dysfunction after cardiac surgery and determine its influence on early operative outcome. 

Methods: This prospective observational study was conducted on 485 patients who underwent cardiac surgical 

procedures from June 2022 to October 2023. Postoperative hyperbilirubinemia was defined as serum total bilirubin 

>2.0 mg/dl. 

Results: The overall incidence of post operative hyperbilirubinemia was 24.5% (119 patients). Total and indirect 

bilirubin, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase was measured preoperatively 

and at day 1, day 2 and day 5. Patients undergoing valve repair or replacement had the highest incidence of 

hyperbilirubinemia (37.1%), followed by coronary artery bypass grafting with concomitant valve surgery (35.3%), 

congenital heart surgery (24.5%), and coronary artery bypass alone (12.4%). Post operative hyperbilirubinemia was 

associated with increased duration of inotropic support (p=0.0001), mechanical ventilation (p=0.0001), intensive 

care unit stay (p=0.001), hospital stay (p=0.006), and mortality (p=0.014). The perioperative factors associated with 

postoperative hyperbilirubinemia were increased preoperative bilirubin level (p<0.0001), preoperative prothrombin 

time (p<0.0001), cardiopulmonary bypass time (p=0.026), aortic cross clamp time (p=0.004), and blood transfusion 

units (p=0.0001). 

A significant increase of total bilirubin, aspartate aminotransferase, and alkaline phosphatase were noted in the 

second postoperative day. Significant relation was seen between hypotension and alkaline phosphatase, and aspartate 

aminotransferase change but hypothermia had not affected alanine aminotransferase, total bilirubin and indirect 

bilirubin change. 

Conclusions: Post operative hyperbilirubinemia is seen in patients undergoing cardiopulmonary bypass and is 

associated with high hospital mortality. The factors associated with its occurrence are increased preoperative 

bilirubin level, preoperative prothrombin time, cardiopulmonary bypass time, aortic cross clamp time, and blood 

transfusion units. Persistent hyperbilirubinemia is associated with a worse outcome than early transient 

hyperbilirubinemia. 

Keywords: hyperbilirubinemia, hepatic dysfunction, cardiac surgery 

Introduction 

Early transient hyperbilirubinemia after cardiac surgery is well documented. 

The incidence of hyperbilirubinemia and hepatic injury is reported to be 

10%–40% in various studies, and it has been associated with postoperative 

morbidity and mortality [1–3]. Even in the present era with improved 

extracorporeal circulation techniques, myocardial protection strategies, 

anaesthetic management and improved intensive care, postoperative 

hyperbilirubinemia with hepatic dysfunction is a common occurrence. 

Several factors have been documented for hepatic injury that includes 

systemic inflammatory response syndrome and oxidative stress [4].  

However, several studies exhibits that most of these pathophysiologic 

mechanisms are based on centrilobular sinusoid ischemia and subsequent 

reperfusion injuries [5]. Some trials have shown that the consumption of 

coagulation factors during CPB leads to reduced coagulation factors and 

compromised liver function by micro thrombi formation in centrilobular 

hepatic sinusoids [6].  
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The careful recent medical literature review revealed that most studies have 

been focused on methods to protect organs from adverse effect of CPB; 

however, most of these studies missed evaluation of the liver function and 

focused on organs such as heart, lung and kidney. This study aimed to assess 

the incidence and pattern of postoperative hyperbilirubinemia and other liver 

enzymes and its influence on early operative outcome in terms of morbidity 

and mortality. We also aim to identify the perioperative factors associated 

with the development of postoperative hyperbilirubinemia and hepatic 

injury. 

Patients and methods 

This is a prospective study conducted in Department of CVTS at the King 

George’s medical university from June 2022 to October 2023. The study was 

approved by institute ethics committee. Total 485 consecutive patients for 

cardiac surgery in the study period were enrolled, irrespective of their cardiac 

disease.  

Inclusion criteria: All cardiac surgery patients of both genders. 

Exclusion criteria:  

1) Patients undergoing emergency surgery 

2) Patients with sepsis 

3) Patients with cerebrovascular accidents. 

4) Patients with active hepatitis 

The ages of the patients in the study group ranged from 5 years to 75 years, 

and it included both sexes. Postoperative hyperbilirubinemia was defined as 

total serum bilirubin >2.0mg dl/Lt. The patients were divided into two groups 

according to their postoperative bilirubin level. Normal ranges of the study 

parameters were: Serum total bilirubin: 0.1–1.0 mg/dL; Prothrombin time 

9.5–13.8 sec; Aspartate transaminase (SGOT): 4–48 U/L and Alanine 

transaminase (SGPT): 7–55 U/L. All relevant preoperative details such as 

age, sex and preoperative diagnosis were recorded. Blood investigations and 

echocardiography were carried out on the day before surgery.  

The various surgical procedures were coronary artery bypass grafting 

(CABG), valve repair or replacement, congenital heart surgery, and CABG 

with concomitant valve surgery. All operations were conducted as per the 

institute protocols for surgery and anaesthesia. The duration of surgery, 

cardiopulmonary bypass (CPB), and aortic cross clamping, and the blood 

transfusion details were recorded. Blood transfusion was carried out 

according to the institutional protocol. All patients were monitored for 

arterial pressure, central venous pressure, oxygen saturation and urine 

output. Blood transfusion shortly after surgery and intraaortic balloon pump 

usage was recorded. Duration of inotropic support, mechanical ventilation, 

and intensive care unit stay were recorded. Blood investigations were carried 

out on the first, second, and fifth postoperative day. Statistical analysis was 

carried out using SPSS version 10.0 software (SPSS, Inc., Chicago, IL, 

USA). The chi-square test and independent sample t test were used to 

compare categorical and continuous variables, respectively. Data are 

presented as mean standard deviation or proportions, as appropriate. A p-

value less than 0.05 was considered significant. 

Results: 

The overall incidence of post operative hyperbilirubinemia was 24.5% (119 

patients). The incidence of hyperbilirubinemia was higher in patients who 

underwent mechanical valve replacement compared to bioprosthetic valve 

replacement or valve repair. None of the patients who underwent valve 

replacement developed a paravalvular leak. Off-pump procedures were used 

in 95 (19.5%) patients, the majority of off-pump procedures (17.5%, 85 

patients) were for CABG. The incidence of postoperative hyperbilirubinemia 

was not significantly higher in on-pump CABG (5.2.0%) compared to off 

pump CABG (17.5%; p=0.9461). This might be because of disproportionate 

sample sizes between these groups; almost all isolated CABG operations 

were performed off-pump whereas on-pump CABG was associated with 

mitral valve surgery, and many on-pump CABG operations were emergency 

procedures which were excluded from the study. The perioperative factors 

contributing to postoperative hyperbilirubinemia were increased 

preoperative bilirubin level (p<0.0001), preoperative prolonged prothrombin 

time (p<0.0001), longer CPB time (p=0.026), longer aortic cross clamp time 

(p=0.002), and number of blood transfusion units (p=0.0001; Table 1). 

Patients with hyperbilirubinemia had increased postoperative morbidity and 

mortality (Table 2). Among the 16 patients who died in the normal bilirubin 

group, 6 (37.5%) died of a cardiac cause, 4 (25.0%) died of sepsis, and 3 

(18.75%) died of a respiratory cause. None of the patients died of liver 

failure. Postoperative hyperbilirubinemia is associated with concomitant 

increases in aspartate transaminase and alanine transaminase levels. We 

noted significant increases in morbidity and mortality as the peak levels of 

serum total bilirubin, aspartate transaminase, and alanine transaminase were 

reached on or after the 5th postoperative day (Table 3,). In the 

hyperbilirubinemia group, 75 patients (63.0%) had peak levels of on the first 

postoperative day, 24 (20.1%) on the 2nd postoperative day and 20 (16.8%) 

on 5th postoperative day. Of the 21 patients in the hyperbilirubinemia group 

who died, 12 had peak bilirubin levels on the 2nd postoperative day and the 

cause of death was low cardiac output syndrome. The other 4 patients had 

peak bilirubin levels on the 5th postoperative day and among them, 3 died of 

multiorgan dysfunction 5 days after surgery, and 2 died of liver failure 10 

days after surgery. 

Variable Normal bilirubin 

(n=366) 

Hyperbilirubinemia 

(n=119) 

p value 

Preoperative total bilirubin (mg/ dL) 0.76 +/- 0.42 1.71 +/- 2.28 <0.0001 

Prothrombin time (s) 12.7+/-3.23 15.81+/-10.72 <0.0001 

Cardiopulmonary bypass time (min) 98.56+/-42.52 114.5+/-54.63 0.026 

Cross clamp time (min) 69.68+/-31.93 87.2 +/- 48.01 0.002 

Blood transfusion units 2.268 3.94 0.0001 

Table 1. Perioperative risk factors for postoperative hyperbilirubinemia 

Variable Normal bilirubin 

(n=366) 

Hyperbilirubinemia 

(n=119) 

p value 

Total bilirubin (mg/ dL) 1.06 +/- 0.42 3.48 +/- 2.39 0.0001 

Aspartate transaminase (U /L) 76.2 +/- 164.82 185.32 +/- 378.06 0.0001 

Alanine transaminase (U/ L) 57.23 +/- 214.56 122 +/- 246.04 0.003 
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Inotropic support (hrs) 45.7 +/- 54.01 62.74 +/- 51.27 0.0001 

Ventilation time (hrs) 15.45 +/- 34.22 23.82 +/- 43.94 0.0001 

Intensive care unit stay (days) 4.6 +/- 4.61 5.12 +/- 3.21 0.001 

Hospital stays (days) 8.75 +/- 5.04 9.34 +/- 5.12 0.006 

Mortality 16 (4.37%) 21 (17.64%) 0.014 

Table 2. Outcomes of cardiac surgery in 485 patients. 

Variable Day 1 peak Day 2 peak Day 5 peak p value 

(day 5 vs. day 1) 

p value 

(day 5 vs. day 2) 

Total bilirubin (mg/ dL) 3.13 +/- 2.44 4.0 +/- 2.41 7.15 +/- 2.4 <0.0001 0.0016 

SGOT (U/L) 129.2 +/- 45.73 353.7 +/- 63.57 483.55+/-923.78 0.0007 0.6546 

SGPT (U/L) 62.2 +/- 107.21 217.2 +/- 95.89 325.91+/-526.3 <0.0001 0.484 

Inotropic support (hrs) 54.86 +/- 37.27 51.45+/- 53.71 142.36+/- 79.4 <0.0001 0.0015 

Ventilation time (hrs) 17.9 +/- 43.15 28.4 +/- 43.14 57.45+/- 61.64 0.0093 0.134 

Intensive care unit stay (days) 4.68 +/- 2.04 4.5 +/- 1.85 9.81 +/- 7.75 <0.0001 0.0053 

Hospital stays (days) 9.01 +/- 2.71 9 +/- 5.65 14.82+/- 13.13 0.0002 0.0788 

Mortality 4.54 (4%) 2.2 (2%) 72.74 (8%) <0.0001 0.0015 

SGOT: serum glutamic oxaloacetic transaminase; SGPT: serum glutamic pyruvic transaminase. 

Table 3. Outcome according to the day of peak bilirubin level. 

Discussion: 

The pathogenesis of liver dysfunction after cardiac surgery is multi-factorial. 

Despite demonstrable improvements in all aspects of surgical and 

perioperative care over the last decade, hepatic dysfunction remains a serious 

postoperative complication [7,8]. Study by Varghese et al. stated that 

alterations in hepatic blood flow to be a major factor in pathogenesis of 

postoperative hepatic function dysfunction. It has also been proposed that 

factors related to CPB such as activation of inflammatory system pose an 

additional risk for hepatic dysfunction [9]. In our study, the incidence of 

postoperative hyperbilirubinemia was 25%, which is similar to data reported 

previously. Hyperbilirubinemia and hepatic dysfunction can occur after CPB 

due to haemolysis caused by cardiotomy suction, the membrane oxygenator, 

and various other elements of CPB [10,11]. 

Liver cell damage can occur due to the non-pulsatile flow in CPB and its 

associated risk of regional malperfusion causing ischemic damage [12]. 

Haemodilution caused by CPB reduces tissue oxygen delivery, adding to the 

ischemic insult. The important tenets to be followed during CPB to prevent 

organ damage are maintaining adequate mean arterial pressure (>50 mm Hg), 

systemic flow rate, haematocrit (>24%), and tissue oxygen delivery 

(>300mL/min/m2) [13/10]. In our study, pump time has significant effect on 

hepatic function tests via hypothermia or hypotension (Table 3). 

Normothermic CPB does not lead to a significant or prolonged reduction of 

liver function but causes an increase of gastrointestinal permeability. The 

increased gastrointestinal permeability caused sepsis and multi organ failure 

[14]. Hypothermic CPB may benefit the hepatic circulation, although the 

additional advantages usually gained by the use of pulsatile perfusion may 

be partly lost when hypothermia is combined with a high pump flow rate. In 

our study, hypothermia significantly affected total bilirubin and alkaline 

phosphates levels on third post operative day. Results of our study showed 

that most sensitive test for postoperative evaluation of hepatic function in 

hypothermic and normothermic CPB is AST and ALT consequently. In our 

study, the perioperative factors significantly associated with postoperative 

hyperbilirubinemia and deranged hepatic enzymes were preoperative total 

bilirubin levels, preoperative prothrombin time, CPB time, aortic cross 

clamp time and volume of blood transfused. Our study found that patients 

with preoperative bilirubin >2mg/dL had an 85% incidence of postoperative 

hyperbilirubinemia with hepatic dysfunction. In Wang study, predictors of 

possible risk factors for postoperative hyperbilirubinemia were the numbers 

of replaced valves, raised preoperative right atrial pressure, and preoperative 

TB concentration [15]. We believe that high right atrial pressure in study by 

Wang caused hepatic congestion and centrilobular cell necrosis and jaundice 

leading to raised bilirubin and deranged hepatic enzymes. 

Patients with congestive heart failure have congestive hepatomegaly and are 

at risk of developing postoperative hyperbilirubinemia [16]. Preoperative 

optimization such as treating anaemia and congestive heart failure will 

reduce the incidence of postoperative hyperbilirubinemia. Investigating 

patients with preoperative total bilirubin >2mg/dL for hepatic pathology and 

treating it before surgery should be routine. Persistent hyperbilirubinemia 

and deranged hepatic enzymes increase postoperative morbidity and 

mortality. It indicates serious underlying conditions such as persistent low 

cardiac output syndrome or sepsis, rather than being a direct causative factor 

for morbidity and mortality. Mechanical ventilation time, intensive care unit 

stay, and hospital stay were significantly longer in the hyperbilirubinemia 

group, which is comparable to the results of McSweeney and colleagues [17]. 

Similar results were demonstrated in our study. Transient postoperative high 

hepatic enzymes levels also may be seen in massive transfusion associated 

with low cardiac output. Prolonged low cardiac output, which may 

compromise the hepatic blood flow, caused alterations in the 

microcirculation. In our study, significant mortality was observed in patients 

with postoperative hyperbilirubinemia (17.6%) compared to those with 

normal bilirubin levels (4.3%). The management of patients with 

postoperative hyperbilirubinemia is watchful observation for acute liver 

failure, sepsis, or multiorgan dysfunction syndrome, because the majority of 

cases of isolated hyperbilirubinemia improve over time. Hepatotoxic drugs 

should be discontinued. Propofol and benzodiazepines can be used for 

sedation, and morphine is better avoided. Boluses of fentanyl, remifentanil, 

or sufentanil are more suitable for pain relief. Hemodynamics should be 

optimized to ensure adequate mean arterial pressure. These patients will have 

low systemic vascular resistance, and vasopressors might be required to 

maintain adequate systemic perfusion pressures. Noradrenalin is preferred 

over vasopressin or terlipressin which may accelerate development of 

cerebral oedema and worsen splanchnic vasoconstriction [18]. Bilirubin 

levels and liver enzyme levels increase transiently in many patients 

undergoing extracorporeal circulation, and normalize within one or two days. 

Our study shows that the majority of patients with hyperbilirubinemia had 
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peak bilirubin levels within two days of surgery. Persistent and rising levels 

of bilirubin after surgery may precede the development of liver failure which 

is associated with increased morbidity and mortality. In our study, patients 

with persistently elevated or peak levels of bilirubin 5 days after surgery 

developed liver failure and associated multiorgan dysfunction syndrome, 

with increased mortality (72.7%). Similarly increased mortality due to 

persistent hyperbilirubinemia has been observed in other studies [19-21,23]. 

Persistent hyperbilirubinemia with deranged hepatic enzymes leading to 

liver failure is an ominous condition with limited therapeutic options. Drugs 

such as lactulose and Hepa-Merz, and a high carbohydrate diet are used to 

prevent encephalopathy. 

Intermittent peritoneal dialysis, hemodialysis, and plasmapheresis have been 

reported anecdotally [16,18,19]. Newer innovations such as molecular 

adsorbent recirculation system and fractionated plasma separation and 

adsorption have shown promising results in nonsurgical and noncardiac 

surgical patients [22]. Persistent hyperbilirubinemia in postcardiac surgical 

patients carries a grave prognosis, and all measures should be taken to 

prevent it. We further need a more prospective randomized study with 

detailed and serial postoperative investigatory tools to know more about the 

etiology of hyperbilirubinemia and its effects in postoperative cardiac 

surgical patients. However, we concluded that postoperative 

hyperbilirubinemia is common in patients undergoing extracorporeal 

circulation and is associated with high morbidity and mortality. Factors 

involved in causing postoperative hyperbilirubinemia are increased 

preoperative total bilirubin levels, preoperative prolonged prothrombin time, 

prolonged CPB time, prolonged aortic cross-clamp time, and more blood 

transfusions. Persistent hyperbilirubinemia 5 days after surgery should alarm 

the surgeon of impending liver failure. 
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