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Abstract

Background: Incidence of postoperative liver dysfunction continues to be high (ranging from 10 to 35%) in those who underwent cardiac sur-
geries using cardiopulmonary bypass (CPB) and is associated with considerable morbidity and mortality. Prolonged cardiopulmonary bypass
time (CPBT) was found to be an independent predictor of postoperative liver dysfunction. So, the aim of this study was to evaluate the effect of
prophylactic use of N-acetylcysteine (NAC) in patients undergoing on-pump cardiac surgery with expected prolonged CPBT in the prevention
of liver dysfunction.

Methods: Sixty consenting adult patients undergoing cardiac surgeries using CPB with CPBT more than 120 minutes were included in this
single-centre, randomised, parallel-group, double-blinded interventional study. Study group patients received NAC as per the protocol. Liver
transferases, alkaline phosphatase, serum bilirubin, kidney function tests, and coagulation parameters were measured preoperatively, on the day
of surgery and for 3 days postoperatively.

Results: Values for serum aminotransferase, alanine aminotransferase, and alkaline phosphatase were significantly raised in the control group
compared to the study group, starting from the day of surgery till third postoperative day. Serum bilirubin levels (total and direct) were compara-
ble till first postoperative day and were significantly raised on second and third postoperative days in the control group. Duration of mechanical
ventilation, total chest tube drainage, the duration of ICU and hospital stay were significantly shorter in study group compared to control group.

Conclusion: Prophylactic intravenous NAC has a protective role in preventing postoperative hepatic dysfunction in patients undergoing car-
diac surgery with CPB.

Keywords: N-Acetylcysteine, cardiopulmonary bypass, hepatic dysfunction, prolonged cardiopulmonary bypass time,
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Introduction

Increasing number of cardiac surgeries is being performed using cardiopulmonary bypass (CPB). In spite of refine-
ment in techniques of CPB and surgery, incidence of postoperative liver dysfunction continues to be high in those
who underwent cardiac surgeries using CPB. In late 60s, the incidence of postoperative jaundice (POJ) was
reported to be 13%.1 Over the years, the incidence of hepatic dysfunction, defined as hyperbilirubinemia more
than 3 mg dL-1, following cardiac surgery using CPB, was reported to be between 10 and 35% (20%,2 23.4%,3

35.1%,4 25.3%,5 26.5%,6 and 10.1%7). This hepatic dysfunction is also associated with increased morbidity (pro-
longed mechanical ventilation, longer ICU stay, and longer hospital stay)5,8 and mortality (10-25 times
more).2,4,5,7–11

The liver is one of the most vital organs and is highly prone to damage while on CPB, and the possibility of liver
damage increases owing to the non-pulsatile perfusion, low-flow state, free radicals formation, and increased levels
of catecholamines.12 Among other factors, prolonged cardiopulmonary bypass time (CPBT) was found to be an
independent predictor of postoperative liver dysfunction.2,10,11 Although several agents like glucocorticoids, serum
Corresponding Author: Soumya Sankar Nath E-mail: soumynath2185@gmail.com Received: 01.11.2021 Accepted: 02.10.2021

Available Online Date: December 17, 2021
VC Copyright 2021 by Turkish Society of Anaesthesiology and Reanimation - Available online at www.turkjanaesthesiolreanim.org

Doi: 10.5152/TJAR.2021.21370 Original Article
Cardiovascular and Thoracic Anaesthesia

460

https://orcid.org/0000-0002-3104-0158
https://orcid.org/0000-0003-3547-4823
https://orcid.org/0000-0002-5981-5437
https://orcid.org/0000-0002-3359-1738
https://orcid.org/0000-0002-6265-403X
https://orcid.org/0000-0002-9787-1202


protease inhibitors like aprotinin and antioxidants, and phos-
phodiesterase inhibitors were proposed to reduce generalised
inflammatory reaction to CPB, none of them found favour
with the clinicians owing to various drawbacks.13 No agent,
specific to preventing hepatic dysfunction following CPB, is
in practice as of now.

N-Acetyl cysteine (NAC) was first used as treatment of para-
cetamol overdose in 1979. Since then, it has been firmly
established as an effective and safe treatment for this condi-
tion.14 Later, it was showed that NAC is safe for
nonacetaminophen-induced acute liver failure too.15 Pro-
phylactic use of NAC had been associated with reduction in
the incidence of postoperative atrial fibrillation (POAF) and
all-cause mortality in patients who underwent cardiac sur-

gery.16 In a meta-analysis performed to evaluate the poten-
tial benefits of perioperative NAC administration in patients
undergoing cardiac surgery in preventing atrial fibrillation
(AF), myocardial infarction, stroke, acute kidney injury
(AKI), need for renal replacement therapy (RRT), mortality,
and total hospital length of stay, it was reported that NAC
administration had a beneficial effect only on reducing the
risk of AF among all the variables studied.17 Interestingly,
the beneficial effects on preventing hepatic injury were not
studied.

We hypothesised that the prophylactic use of N-acetylcys-
teine in patients undergoing on-pump cardiac surgery with
expected prolonged CPBs duration will prevent liver
dysfunction.

Methods

This single-centre, randomised, parallel-group, double-
blinded interventional study was approved by the Institu-
tional Review Board of Dr Ram Manohar Lohia Institute of
Medical Sciences, Lucknow, India (IEC No. 10/17), and a
written informed consent was obtained from all the subjects
participated for the trial. The trial was registered prior to
patient enrolment at Clinical Trial Registry of India
(www.ctri.nic.in) (CTRI/2018/05/014024).

Inclusion criteria

a. Age-18-65 years

Figure 1. CONSORT diagram.

Main Points

• First study that evaluated the role of any specific medication in pre-
venting hepatic dysfunction following cardiac surgery conducted
using CPB.

• Prophylactic administration of N-acetylcysteine protects against
hepatic dysfunction in patients undergoing cardiac surgeries with pro-
longed cardiopulmonary bypass time.

• The duration of mechanical ventilation and the duration of hospital
and ICU stay were longer, and total chest tube drainage was higher
in control group compared to N-acetylcysteine group.

• Incidence of postoperative atrial fibrillation was much lower among
N-acetylcysteine-treated group compared to control group.
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b. Sex-both

c. Expected prolonged bypass duration (>2 hours)

d. Patient posted for valve surgery, coronary artery bypass graft, or combi-
nation of the two.

Exclusion criteria

a. Known allergy to N-acetylcysteine

b. Emergency cardiac surgery

c. Known blood borne infectious disease

d. Existing deranged liver function test or cirrhosis

e. End stage renal disease

f. Planned off-pump cardiac surgery

Sample size determination

It was based on the results of previous studies, wherein
expected reduction in the hepatic dysfunction after prophy-
lactic administration of NAC was reported to be 50%,
and the overall prevalence of hepatic dysfunction in
patients undergoing cardiac surgery with CPB to be
about 20%. Using this, the sample size (N) was calculated

by using the following formula, n ¼ ðZa=2þ Zb Þ2 �Zr2

d2 ;
Za=2 @ 95% CI ¼ 1:96; Zb @ 80% power ¼ 0:8r (poo-
led SD) ¼ 5, d (difference in mean) ¼ 8, P ¼ anticipated
population proportion¼ 20%, relative precision ¼ 5%, Q ¼
free of hepatic dysfunction ¼ 50%, e ¼ allowable error in
the estimation ¼ 0.05 (the type 1 error probability associated
with this test of this null hypothesis is 0.05). Using the afore-
mentioned formula, the calculated sample size was 24
patients in each group. In order to compensate for possible
drop outs, we enrolled 67 consenting patients fulfilling the
inclusion criteria. They were randomised into either of the
two groups: 33 patients in the study group/group NAC who
received prophylactic NAC, and 34 patients in the control
group/group C (received equal volume of 5% dextrose).
Patients received their routine cardiac medications until the
morning of surgery, except ACE inhibitors and angiotensin-
2 receptor antagonists. They were premedicated with Tab
lorazepam 2 mg night before surgery and oral Tab ranitidine
150 mg night before surgery and on the morning of surgery.
After attachment of all standard monitors including invasive
blood pressure (radial and femoral) and central venous pres-
sure, patients were induced with standard anaesthesia tech-
nique using fentanyl 2–5 mcg kg�1 and etomidate 0.2-0.4
mg kg�1 in titrated dose. Neuromuscular blockage was
achieved with atracurium 0.5 mg kg�1. Anaesthesia was
maintained with 1% propofol infusion (4-8 mg kg�1 h�1)
and fentanyl infusion with intermittent doses of atracurium,
supplemented with isoflurane to maintain depth of anaesthe-
sia. Depth of anaesthesia was monitored with the help of bis-
pectral index (BIS) and target BIS below 50. After induction
of anaesthesia, median sternotomy was performed, followed
by routine aortic and right atrial or bicaval (inferior and

superior vena cavae) cannulations. CPB was established
using membrane oxygenation, roller pump, a non-heparin-
coated circuit, an arterial filter, and an open venous reservoir
system. The CPB circuit was primed using acetated Ringer’s
solution and 100 mL mannitol. Additional mannitol was
given before opening of aortic cross-clamp. During CPB,
hypothermia was induced, and flow rate was maintained at a
level of 2.4 L min-1 m-2. Perfusion pressure was maintained
between 60 and 90 mm Hg by intermittent boluses of phen-
ylephrine. Myocardial protection was achieved by cold
hyperkalemic blood cardioplegia and topical cooling with
iced slush. Cardioplegia was administered in antegrade and
retrograde fashion as per the need of surgery and patient.
Transfusion of packed red blood cell concentrates was done
when the haematocrit value dropped below 20% on CPB.
Other blood products, such as random donor platelet (RDP)
and fresh frozen plasma (FFP), were transfused as patient’s
condition warranted.

For ICU sedation, midazolam and fentanyl infusion were
used. Weaning from mechanical ventilator was done accord-
ing to patient’s condition and hospital’s protocol. Routine
echocardiography and chest skiagram were done to assess
postoperative cardiac function as well as rule out any compli-
cation. Postoperative chest drain was recorded, and blood
loss replaced as per need. Perioperative and postoperative
urine output monitoring were done. If urine output
remained under 0.5 mL kg-1 h-1 after CBP, intravenous (i.v.)
furosemide was given as incremental boluses of 10-20 mg,
after assessing adequate volume status. Norepinephrine infu-
sion (0.01-0.1 mcg kg-1 min-1) was started whenever mean
arterial blood pressure fell below 70 mm Hg despite
adequate filling pressure. Epinephrine infusion (0.02-0.2 mcg
kg-1 min-1) was started when cardiac index remained below
2.5 L min-1 m-2. Intra-aortic balloon pump was available for
further cardiac support.

In group N patients, 150 mg kg-1 of NAC mixed in 200 mL
of 5% dextrose was administered over 15 minutes as i.v. infu-
sion, immediately after induction of anaesthesia and com-
pleted prior to surgical incision. This was followed by 50 mg
kg�1 of NAC mixed in 500 mL of 5% dextrose administered
i.v. over 4 hours. Finally, 100 mg kg�1 of NAC mixed in
1,000 mL of 5% dextrose was administered i.v. over 20
hours.14 In patients of group C, equivalent volume of 5%
dextrose was infused over same time period.

Five liver function parameters were measured-serum total
and indirect bilirubin, aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), and alkaline phosphatase
(ALP). International normalised ratio (INR) was also mea-
sured to assess early liver dysfunction. Renal function param-
eters including serum creatinine, blood urea, and 24 hours
urine output were measured. All these parameters were mea-
sured preoperatively, on the day of surgery after shifting to
ICU (POD0) and on first to third postoperative days (POD1,
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POD2, and POD3). Preoperative heart rhythm and postop-
erative incidence of atrial fibrillation were also recorded.
Hyperbilirubinemia was considered when serum bilirubin
level was more than 3 mg dL�1 (51 mmol L�1). Acute liver
dysfunction is defined as increase in liver enzymes AST and
ALT � 10 times of baseline. Acute renal dysfunction is
defined as any of the following-increase in SCr by �0.3 mg
dL�1 within 48 hours or increase in SCr to �1.5 time of
baseline or urine volume < 0.5 mL kg�1 h�1 for 6 hours.

Primary outcome measures-absolute values of LFT preoper-
atively, on day of surgery and first 3 postoperative days.

Secondary outcome measures-acute renal dysfunction and
incidence of postoperative AF.

Statistical Package for the Social Sciences (SPSS) version
21.0 (IBM SPSS Corp.; Armonk, NY, USA) was used for
data analysing. P � .05 was considered with 95% CI (confi-
dence interval) in this study. The difference in mean values
and Chi-square test were utilised for categorical, and paired
t-test and independent student t test were applied to compare
the preoperative and postoperative liver function and renal
function analysis and other parametric data. Significant dif-
ference was accepted at P � .05.

Results

Of the 67 patients included, complete data could not be col-
lected in four patients of control groups and three patients of
study group. Hence, the data of 30 patients of each group
were analysed.

Table 1 shows the comparison of demographic and preoper-
ative parameters between the group which received prophy-

lactic NAC and the control group. All the parameters were
comparable, which shows that the study population selected
is homogeneous and comparable between the two groups.

Table 2 demonstrates the intraoperative parameters (CPBT,
aortic cross clamp time, total duration of anaesthesia, and
minimum temperature during CBP), type of surgeries, and
intraoperative use of blood products [packed red blood cells
(PRBC), fresh frozen plasma (FFP), random donor platelets
(RDP)] between the groups.

Table 3 shows the comparison of liver function test (serum
AST, ALT, alkaline phosphatase, and total and direct biliru-
bin) between the two groups, at preoperative, POD0, POD1,
POD2, and POD3 of surgery. The values were comparable
preoperatively for all the values. Values for serum ALT,
AST, and ALP were significantly raised in the control group
compared to the study group, starting from the day of surgery
till third postoperative day. Serum bilirubin levels (total and
direct) were comparable till first postoperative day and were
significantly raised on second and third postoperative days.

Table 4 shows the comparison of coagulation parameters
(INR, activated partial thromboplastin time (APTT), and
platelet count) and serum electrolytes (serum sodium and
potassium) between the two groups. INR and APTT were
comparable preoperatively; however, INR was significantly
higher in control group from first to third postoperative day,
whereas APTT was raised from the day of surgery through
third postoperative day. There was no significant difference
between the groups in platelet count, serum sodium, and
potassium levels at all time points.

Table 5 shows the comparison of kidney function test (serum
creatinine and blood urea) and 24 hours urine output.

Table 1. Comparison of Demographic Data and Preoperative Parameters

NAC Group (n ¼ 30) Control Group (n ¼ 30) P
Age (mean6SD) (years) 37615.36 44.77617.16 .871

Number of males (%) 22 (36.7) 16 (26.7) .34

Height (cm) 161.9068.26 158.9369.15 .12

Weight (kg) 53.8769.7 50.20610.05 .261

Body surface area (BSA) (m2) 1.5460.170 1.4860.163 .067

Preoperative rhythm Sinus rhythm 15 (25%) 15 (25%) .33

Atrial fibrillation 15 (25%) 15 (25%) .33

Mild to moderate pulmonary hypertension, n (%) 15 (25) 15 (25) .33

Diabetes mellitus, n (%) 1 (3.33) 1 (3.33)

Systolic blood pressure (SBP) 115.268.98 115.47610.84 .432

Diastolic blood pressure (DBP) 66.50612.48 61.10612.80 .213

SD, standard deviation.
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Serum creatinine values were comparable at all times. Blood
urea levels were comparable at preoperative day but were
significantly raised in the control group from the day of sur-
gery till third postoperative day. 24 hours urine output was
comparable between the groups till first postoperative day
but was significantly lower in the control group on the
second and third postoperative days.

Table 6 shows the comparison of postoperative parameters
(duration of mechanical ventilation, total chest tube drain-
age, duration of stay in ICU and hospital, use of RRT, need
for re-exploration, and incidence of POAF).

Discussion

This is the first study that evaluated the role of any specific
medication in preventing hepatic dysfunction following car-
diac surgery conducted using CPB. Although there is abun-
dant literature to support that hepatic dysfunction is a
common occurrence following CPB1–7 and associated with
significant morbidity and mortality,2,4,5,7–11 till now no drug
had been evaluated to specifically prevent such hepatic
dysfunction.

The liver receives about 25% of the cardiac output. The
hepatic artery contributes 20-25%, while the portal system
supplies 75-80% of the blood flow to the liver. This dual
blood supply and the fact that liver can extract as much as
95% of oxygen from the blood both impart it endurance to
necrosis following hypoperfusion.18 But, when the insult
becomes overwhelming, in the presence of precipitating fac-

tors or reduced pre-existing reserve, CPB might unmask liver
dysfunction. Preoperative risk factors are right-sided heart
failure, moderate to severe TR, pulmonary hypertension,
chronic heart failure, New York heart association functional
status class II to IV, and low ejection fraction.19 Postopera-
tive liver dysfunction can be because of either a proinflam-
matory syndrome (with the release of hepatotoxic cytokines)
or the haemodynamic changes related to surgery and CPB
(i.e., hypotension, low cardiac output syndrome, hypoxia,
and RV dysfunction). These may lead to ischemic hepatitis
or passive liver congestion or both.19

Prolonged CPB time had been shown in previous studies to
be an independent predictor of postoperative hepatic dys-
function.6,10 So, we evaluated the effects of NAC in patients
with expected CPB time of more than 120 minutes. The cri-
teria for the diagnosis of hepatitis based on levels of serum
enzymes differ with the underlying cause (ischemic, drug
induced, etc.). Although previous studies agreed that the aeti-
ology of hepatic dysfunction following CPB could be multi-
factorial, hepatic ischemia definitely has a role. We took the
cutoff of serum level of enzymes for labelling hepatic failure
as elucidated for ischemic hepatitis. A serum aminotransfer-
ase level at more than equal to 20 times the normal level was
considered to be minimum requirement for the diagnosis of
hypoxic liver injury,20,21 whereas in a recent review, it was
mentioned that 2.5-10 times the upper limit of normal
(ULN) value of liver enzymes was sufficient to diagnose
hypoxic liver injury.22 We took 10 times the upper limit of
normal for serum aminotransferases and alkaline phospha-
tase as the cut-off level. Regarding serum bilirubin, there

Table 2. Comparison of Intraoperative Parameters

NAC Group
(mean6SD)

Control Group
(mean6SD) P

Cardiopulmonary bypass time (minutes) 217.37630.96 216638.72 .12

Aortic cross clamp time (minutes) 189.63631.64 186640.14 .14

Duration of anaesthesia (hours) 3.86650.01 3.87659.43 .16

Minimum temperature of CPB (�C) 29.1060.332 29.0360.26 .23

Type of surgeries AVR, n 1 (1.7%) 2 (3.3%) .11

MVR, n 1 (1.7%) 1 (1.7%)

MVR þ AVR, n 24 (40%) 23 (38.3%) .13

MVR þ TA, n 1 (1.7%) 2 (3.3%) .16

Redo MV, n 2 (3.3%) 0 NA

VSD þ PDA, n 1 (1.7%) 0 NA

CABG, n 1 (1.7%) 2 (3.3%) .15

Intraoperative blood product transfusion

(number of units)

PRBC 0.3360.54 0.4060.498 .06

FFP 3.360.65 3.1760.699 .17

RDP 3.4060.62 3.3060.65 .058

SD, standard deviation.

Turk J Anaesthesiol Reanim 2021;49(6):460-469 Kumar et al. N-Acetylcysteine prevents postcardiac surgery hepatic dysfunction

464



seems to be unanimity among authors to label hepatic dys-
function when it exceeds 3 mg dL�1. It needs to be appreci-
ated that criteria for the diagnosis of liver injury/failure do
not include raised serum bilirubin level.20,22 This could be
because serum bilirubin may be raised in several conditions
with normal liver enzymes.23 Furthermore, had raised serum
aminotransferase been taken (10 times of ULN) as marker of
hepatic dysfunction, the reported incidence could have been
different. We measured the serum bilirubin, serum amino-
transferases, and serum alkaline phosphatase sequentially
from day of surgery till third postoperative day. With cutoff
value of serum bilirubin >3 mg dL–1, the incidence of
hepatic dysfunction on POD1, POD2, and POD3 was 33%,
26.35%, and 33.3%, respectively, which were comparable to
the figures reported in previous studies.3–6 But, if we label
hepatic dysfunction based on serum AST (cut-off value 400
units), the incidences on POD1, POD2, and POD3 were

46.6%, 50%, and 52%, respectively, or based on serum ALT
(500 U L�1), the incidences on first 3 days postoperatively
were 33%, 43.3%, and 46.6%, respectively. On all these
days, by any of the cited criteria, there was no incidence of
hepatic dysfunction in the NAC group (Table 3).

We found that serum aminotransferase levels were signifi-
cantly higher in control group compared to the NAC group
from the day of surgery till the third postoperative day11 and
also found that there was a significant correlation between
prolonged pump time (>100 minutes) and magnitude of rise
in AST on POD2. Serum bilirubin (total and direct) levels
were comparable between the groups till first postoperative
day but became significantly higher in control group from
second postoperative day onward (Table 3). Serum bilirubin
levels after hepatic dysfunction follows rise in serum
transferases.

Table 3. Comparison of Absolute Changes in Liver Function Test Between the Groups

NAC Group
(Mean6SD)

Control Group
(Mean6SD) P

Preoperative Serum AST (units L�1) 35.77619.39 37.97619.05 .382

POD0 75.53644.84 304.6631.65 .001*

POD1 108.1622.2 810.23614.6 .007*

POD2 124.4627.49 1,163.96614.3 .014*

POD3 46.7670.72 622.3636.84 .005*

Preoperative Serum ALT (units L�1) 27.6615.22 28.73616.26 .12

POD0 36.29618.9 174.47688.16 .021*

POD1 53.66691.9 482.66661.08 .001*

POD2 68.2617.16 779.2610.31 .011*

POD3 61.6614.9 850.6610.32 .014*

Preoperative Serum alkaline phosphatase (units L�1) 100.67635.80 94.87630.64 .056

POD0 73.17619.6 99.67639.23 .013*

POD1 70.06619.79 98.96646.78 .016*

POD2 71.96618.49 124.4643.54 .018*

POD3 71.3624.19 124.96661.86 .022*

Preoperative Serum total bilirubin (mg dL–1) 0.91560.379 0.8860.37 .312

POD0 1.1760.256 1.4760.34 .136

POD1 1.2360.317 1.6760.410 .12

POD2 1.4160.37 2.1160.69 .034*

POD3 1.2960.53 2.5161.01 .026*

Preoperative Serum direct bilirubin (mg dL–1) 0.25160.192 0.23460.155 .212

POD0 0.29260.109 0.52360.225 .024*

POD1 0.46460.184 0.60260.195 .033*

POD2 0.58160.189 0.83760.32 .011*

POD3 0.54360.33 1.0260.61 .013*

SD, standard deviation.
*Statistically significant.
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The INR was significantly higher in the control group from
first postoperative day till third postoperative day (Table 4).
This difference may be ascribed to the hepatic dysfunction in
the control group. The APTT was also prolonged from the
day of surgery till third postoperative day (Table 4). APTT
may be deranged as a consequence of hepatic dysfunction
but, in our case, could also be the result of continuing hepa-
rin administration because of hepatic dysfunction. Since the
treating physician was free to continue medical management
in the postoperative period as per existing protocols, this
aspect was beyond the control of the authors.

The duration of mechanical ventilation and the duration of
hospital and ICU stays were all statistically longer, and the
total chest tube drainage statistically higher in control group
compared to NAC group (Table 6). Previous studies also
reported that patients with early POJ required prolonged

mechanical ventilation, longer stay in ICU, and higher
mortality.5,8

Comorbidities associated with the occurrence of postopera-
tive hepatic dysfunction were preoperative deranged liver
function (hyperbilirubinemia and raised PT), valvular dys-
function,24 right sided heart failure, and pulmonary hyper-
tension and low EF.19 We had excluded patients with
preoperative deranged liver function tests. All patients were
optimised prior to surgery with decongestant therapy, so that
none of the patients had right-sided heart failure. Many of
the patients posted for valve replacement had mild to moder-
ate pulmonary hypertension, but their numbers were compa-
rable among the two groups (Table 1).

The secondary objective of our study was to evaluate the
effect of prophylactic NAC on the incidence of AKI and

Table 4. Comparison of Coagulation Parameters and Serum Electrolytes among Two Groups

NAC Group
(Mean6SD)

Control Group
(Mean6SD) P

Preoperative INR 1.1560.152 1.1460.13 .161

POD0 1.2860.138 1.3360.118 .214

POD1 1.3160.128 1.460.148 .041*

POD2 1.3560.112 1.4560.215 .034*

POD3 1.3260.101 1.4360.177 .001*

Preoperative APTT (seconds) 28.4661.45 26.6661.604 .053

POD0 31.7566.73 29.7362.62 .011*

POD1 32.9666.35 31.8365.50 .034*

POD2 28.8363.24 29.2663.81 .013*

POD3 27.762.15 29.363.82 .016*

Preoperative Platelet count 1.2660.42 1.4060.34 .12

POD0 1.2060.215 1.3860.308 .147

POD1 1.1860.28 1.2360.209 .138

POD2 1.1360.27 1.1260.22 .168

POD3 1.1660.28 1.02760.22 .127

Preoperative Serum sodium (mequiv. L�1) 134.8763.24 134.9763.66 .412

POD0 1.3763.39 1.3763.49 .341

POD1 1.3764.12 1.3763.85 .261

POD2 1.3763.47 1.3764.65 .212

POD3 1.3663.71 1.3664.13 .314

Preoperative Serum potassium (mequiv. L�1) 3.9760.32 3.9360.29 .416

POD0 3.9260.34 4.0260.414 .054

POD1 4.9865.57 4.0960.59 .124

POD2 3.9360.465 3.960.398 .113

POD3 3.9060.418 4.0160.213 .067

SD, standard deviation.
*Statistically significant.
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need for RRT in postoperative period following cardiac sur-
gery with prolonged CPB. Although the mean serum creati-
nine was significantly higher in control group compared to
NAC group, only two patients in control group and one
patient in NAC group required RRT (P ¼ .053) (Table 6).
Urine output, though, significantly, higher in NAC group
compared to control group, cannot be relied upon, as most
of these patients received diuretic on the advice of treating
intensivist whenever urine out fell below 0.5 mL kg�1 h�1.
An earlier study reported that NAC was not associated with
a decrease in mortality, AKI needing RRT, length of ICU
stay in adult patients who underwent major cardiac sur-
gery.25 This was further validated in a recent meta-analysis

that evaluated the effects of perioperative NAC administra-
tion on reducing the risk of cardiac surgery-induced AKI
and found that NAC-treated placebo group had similar rates
of occurrence of AKI, change in creatinine levels and in hos-
pital mortality.26 Risk factors strongly associated with the
development of postoperative AKI after cardiac surgery
include valve replacement surgery, age, redo surgeries, post-
operative use of norepinephrine, and dobutamine.27 Among
the patients studied, the number of valve replacement sur-
geries (29 in NAC group vs 28 in control group) and age
were comparable. As per the protocol, we used epinephrine
infusion for weaning from CPB, so no patient received either
adrenaline or dobutamine infusion.

Table 5. Comparison of Parameters of Kidney Function Test and 24 Hours Urine Put between the Two Groups

NAC Group (Mean6SD) Control Group (Mean6SD) P
Serum Creatinine

Preoperative 0.91560.813 1.00260.206 .061

POD0 0.81960.410 1.3260.56 .002*

POD1 1.03560.69 1.50560.76 .127

POD2 1.2361.09 1.8761.25 .134

POD3 1.1060.62 1.7861.23 .368

Serum Urea

Preoperative 29.9665.50 33.3366.92 .053

POD0 30.86612.21 48.03618.71 .013*

POD1 39.5626.5 56.63632.35 .034*

POD2 45.03635.78 68.9642.58 .022*

POD3 37.06619.04 68.46640.45 .003*

24 Hours Urine Output

POD0 1.80860.319 1.4560.330 .146

POD1 1.5860.437 1.1160.317 .113

POD2 1.660.402 0.84660.343 .0021*

POD3 1.6360.36 0.8660.403 .0032*

*Statistically significant.

Table 6. Comparison of Postoperative Parameters between the Two Groups

Postoperative Parameters NAC Group (Mean6SD) Control Group (Mean6SD) P
Duration of mechanical ventilation (hours) 8.8362.03 17.269.056 .002*

Total chest tube drainage (mL) 558.56117.07 630.676172.90 .034*

Duration of stay in hospital (days) 5.9360.78 7.9061.82 .022*

Duration of stay in ICU (hours) 9.460.89 13.3362.03 .034*

Use of RRT, n (%) 1 (3.3) 2 (6.6) .052

Need for reoperation, n (%) 0 1 (3.3) .12

Incidence of postoperative AF, n (%) 10 (33.3) 17 (56.6) .011*

SD, standard deviation.
*Statistically significant.
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The findings of our study reveal that the incidence of POAF
was much significantly lower among NAC-treated group
(33.3%) compared to control group (56.6%) (Table 6). This
finding had been corroborated by several studies and meta-
nalyses.16,17 POAF had been demonstrated to be caused by
oxidative stress induced by CPB. NAC, being a free radical
scavenger, effectively reduced the incidence of POAF (as
shown in the meta-analysis).28

Possible mechanism of action of NAC

As far as the protective effect of NAC is considered, it was
proposed that NAC in nonacetaminophen ALF was shown
to increase oxygen utilisation in microcirculation. NAC may
act by enhancing the effect of nitric oxide on guanylate
cyclase, increasing the formation of 3’,5’ guanosine mono-
phosphate, and thereby resulting in vasodilation.15 Perioper-
ative NAC was used as it is a free radical scavenger
antioxidant that may attenuate this physiologic response and
reduce post-CPB complications.16,17 It is also claimed to
reduce ischemia/reperfusion injury.16

Safety of NAC

We found that NAC administration was safe, and we did not
encounter any adverse effects. Preoperative exposure to
NAC did not increase postoperative blood loss in the first 72
postoperative hours in the cardiac surgery patient. Further-
more, NAC did not negatively affect PT time, haemoglobin,
haematocrit, platelets, or number of transfusion require-
ments.29 Adverse drug reaction to NAC in patients with
acetaminophen overdose was reported to be common, but
mostly minor and all reported adverse effects were easily
managed.30

Limitations of the study: our study had the following
limitations:

1. Follow-up of the patients for studied parameters except length of ICU
stay and hospital stay, and mortality was done only till third postopera-
tive day.

2. Correlation of risk factors of postoperative dysfunction with the possible
risk factors was not evaluated to find out the possibility of which subset of
patients is likely to benefit more from prophylactic NAC administration.

3. Absence of criteria for hepatic dysfunction and failure hampered the cal-
culation of the incidence of each of these entities separately.

4. Small sample size.

Conclusion

From the findings of our study, we conclude that prophylac-
tic intravenous N-acetylcysteine has a protective role in pre-
venting hepatic dysfunction in patients undergoing cardiac
surgery with prolonged CPB. Studies with larger sample
sizes are warranted to further validate the findings of our
study.
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