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Abstract

Background/Aims: Acute liver failure (ALF) is a rare but severe medical emergency. To date, there is
no established treatment for non-acetaminophen-induced acute liver failure (NAI-ALF) other than liver
transplantation, and little is known about the use of N-acetylcysteine (NAC) in NAI-ALE. A randomized case
control study was conducted with the aim to determine the effect of NAC on the mortality of NAI-ALF
patients, as well as to evaluate the safety and efficacy of NAC use.

Patients and Methods: A total of 80 patients diagnosed with NAI-ALF were included in the study. Forty
patients received NAC infusion for 72 h whereas the control group received placebo. The variables evaluated
were demographic characteristics, signs and symptoms, biochemical parameters, and clinical course during
hospitalization.

Results: The two groups (NAC and control) were comparable for various baseline characteristics
(such as etiology of ALF, INR, alanine aminotransferase, creatinine, albumin, and grade of encephalopathy),
except for age. Although majority of patients had undetermined etiology (32.5% in NAC group and 42.5% in
control group), the second main cause was acute hepatitis E and drug or toxin-induced ALE The mortality
decreased to 28% with the use of NAC versus 53% in the control group (P = 0.023). The use of NAC was
associated with shorter length of hospital stay in survived patients (P = 0.002). Moreover, the survival of
patients was improved by NAC (P = 0.025). Also, drug-induced ALF showed improved outcome compared
to other etiologies.

Conclusion: The findings of the study recommend the use of NAC along with conventional treatments in
patients with NAI-ALF in non-transplant centers while awaiting referrals and conclude the use of NAC as safe.
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INTRODUCTION

Acute liver failure (ALF) is a relatively rare, but
severe, life-endangering medical emergency, in which
the rapid deterioration of liver function results in
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coagulopathy (INR >1.5) and encephalopathy of an
individual who previously had a normal liver.l'! An
incidence of 1-6 cases per million people every year
has been reported from the developed parts of the
world. However, the incidence rates are probably high in
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developing countries where infective hepatitis is common
and treatment modalities that interrupt the progression of
hepatic injury and other multiorgan dysfunction are not
readily available.**l Approximately, 2500 cases occur yeatly
in the US, yet it accounts for up to 7% of all liver-related
deathsP and is responsible for 6% of liver transplants.” The
majority of cases of ALF are among the young (median
age 38 years) and among females (73%).

The most important step in the management of ALF
is to identify the cause, which helps in execution of
targeted therapies and antidotes, when available. The main
etiological factors of ALF are viral, drugs including herbal
and traditional medications,®”! autoimmune, and toxins. In
the Indian subcontinent, viral hepatitis is the most common
cause of ALF and accounts for 90% of all the cases."”
Kashmir, the northern-most part of India has reported a
high incidence of ALF with hepatitis E virus (HEV) as the
most important etiological agent."l A significant number
of ALF patients have indeterminate cause with poor

survival and usually require emetgency transplantation.'>!’!

Mortality in ALF is usually caused by cerebral edema,
multiorgan dysfunction syndrome, and sepsis. Multiorgan
dysfunction in ALF occurs due to oxidative stress
generated by reactive oxygen and nitrogen species!'¥ from
immunological injuries mediated by cytokines!""¥ and
raised circulating neurotoxins, especially ammonia.'”! The
management of patients with ALF requires thorough
infrastructure and understanding to deal with the
complications.” Therapies that have been directed at
reducing tissue injury, removing accumulated toxins,
and promoting hepatocyte regeneration (which include
interferon, insulin and glucagon, prostaglandin E1,*
charcoal hemoperfusion,®! exchange transfusion,?"
and hyperimmunoglobulin infusion) have proven to be
ineffective and are under trial. Although many people
recover with supportive treatment, liver transplantation
remains the only definitive therapy for patients who are
unable to achieve sufficient hepatocyte regeneration on
supportive treatment. Liver transplantation has made
significant impact on the survival of patients with ALE*>*
however, the facility is largely unaffordable and only available
in limited medical centers. Earlier studies have discussed the
benefits of N-acetylcysteine (NAC) use in the treatment of
acetaminophen-induced ALEP" and some recent studies have
suggested the role of NAC in non-acetaminophen-induced
acute liver failure NAI-ALF)®#! because of its multiple
mechanisms of action.

NAC is a thiol-containing agent that scavenges free
oxygen radicals and replenishes cellular, mitochondrial,
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and cytosolic glutathione stores by serving as a source
of a glutathione surrogate that combines directly with
reactive metabolites or serves as a source of sulfate,
thus preventing hepatic damage.’"*? Moreover, various
trials have proved the anti-inflammatory, antioxidant,
inotropic, and vasodilating effects of NAC.F* NAC
benefits NAI-ALF patients either by improving systemic
hemodynamics and tissue oxygen delivery®” or via
other mechanisms."! Despite established roles of NAC in
acetaminophen-induced ALE its role in NAI-ALF remains
controversial.?**! Owing to contradictory results, further
studies are warranted to evaluate the safety and efficacy
of NAC in patients with NAI-ALFE. Thus, we carried out
a randomized trial in Sher-i-Kashmir Institute of Medical
Science (SKIMS), a center without transplantation facility
to (1) assess the effect of NAC on ALF-induced mortality
in patients with NAI-ALF and (2) evaluate the safety and
efficacy of NAC in NAI-ALF patients and its impact on
the duration of hospital stay.

PATIENTS AND METHODS

The study was a hospital-based prospective randomized
case control trial of adult patients with NAI-ALE The study
was carried outin the Department of Gastroenterology of
SKIMS, Soura, Jammu & Kashmir. The study was approved
by the institutional ethical committee of SKIMS.

Study participants

This study was conducted over a period of 2 years
from September 2011 to September 2013. A total
of 80 patients confirmed with NAI-ALF and
who were above the age of 18 years were invited
to participate in this study. ALF was defined as
biochemical evidence of ALF with INR of =21.5 and
any degree of encephalopathy caused by illness of
duration <8 weeks (fulminant hepatic failure). After
informed consent which was obtained from every
participant, information regarding various demographic
characteristics was taken through well-structured
questionnaires. In addition to a detailed history, physical
examination, and biochemical work-up which included
baseline investigations, liver function test (LFT) and
coagulogram were carried out. The exclusion criteria
of the study were (1) acetamionophen-induced
ALF (on the basis of detailed history), (2) ALF during
pregnancy, (3) acute or chronic liver failure, (4) prior
exposure to NAC, and (5) hepatic ischemia (shock liver).

Detailed study design
After ALF was diagnosed, blood samples of all the
patients were taken for etiological diagnosis of ALE,
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which included hepatitis B surface antigen (HBsAg),
hepatitis B core IgM (HBc-IgM), hepatitis A virus
IgM (HAV-IgM), and hepatitis E virus IgM (HEV-IgM),
anti HCV (hepatitis C virus), anti-nuclear antibody (ANA),
anti-smooth muscle antibody (ASMA), Wilson profile (serum
ceruloplasmin, serum copper), and iron profile. Herpes
simplex virus (HSV), cytomegalovirus (CMV), and Epstein
barr virus (EBV) serology were done if non-hepatotropic
viruses were suspected as a cause of ALF Detailed history
was obtained for any hepatotoxic drug intake such as
homeopathic and herbal medications. Participants were
then randomized by simple random method into two

groups.

NAC Group: Forty NAI-ALF patients who fulfilled the
eligibility criteria were treated with intravenous NAC for
duration of 72 houts.

Control Group: Forty NAI-ALF patients who received 5%
dextrose (placebo) infusion for 72 hours.

Study medication: The patients in NAC group were
administered intravenous NAC with initial loading dose
of 150 mg/kg over 1 hout, followed by 12.5 mg/kg/h
for 4 hours and continuous infusion of 6.25 mg/kg/h for
remaining 67 hours. Patients in the control group were
given 5% dextrose infusion (placebo) for 72 hours. All
the ethical considerations were taken care of during the
study. Patients were given the option of liver transplant
(to be done at the hospital with transplantation facility) at
various stages of study when indicated.

Supportive treatment: All patients were managed with the
standard supportive care treatment, which were similar
throughout the study period in both the groups. The
patients received treatment for the complications of ALEM!
The treatment mainly involved continuous intravenous
dextrose to prevent hypoglycemia, broad-spectrum
prophylactic antimicrobials,** proton pump inhibitors
for stress-related ulcers, fluid and electrolyte balance,
and lactulose enema. In patients with advanced hepatic
encephalopathy, intensive care management, midazolam
sedation, and mannitol infusion in case of raised
intracranial pressure were given. Intracranial hypertension
was diagnosed by the presence of clinical signs such as
abnormal pupillary reflexes, hypertonia, or decerebrate
posturing, Fresh frozen plasma was given in only those
patients who had spontaneous bleeding. Blood and urine
cultures were obtained in suspected cases of sepsis,
which were than treated according to sensitivity. Renal
impairment was defined as serum creatinine level of more
than 2.0 mg/dl.
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Monitoring: Response to treatment was monitored
clinically (Grade of encephalopathy) and biochemically
(bilirubin, PT, INR, etc.). In addition, morbidity and
mortality was also assessed. Patient were followed till
discharge or death in hospital.

Statistical analyses: In univariate analysis, the categorical
variables were compared in the two groups by using X test
or Fisher exact test as appropriate. For continuous variables,
the independent sample ~test was used. Pvalues <0.05 were
considered statistically significant. All the analyses were
performed by the Statistical Package for Social Sciences
(SPSS Inc. Released 2004. SPSS for Windows, Version
13.0. Chicago, SPSS Inc.).

RESULTS

The distribution of baseline characteristics (both categorical
and continuous) of the two groups (NAC vs Control) are
presented in Table 1. The mean age of NAC and control
group was 30.60 £ 11.64 years and 38.48 + 20.11 years,
respectively (P = 0.035). All the patients were of
Kashmiri ethnicity. Coma grade at the time of admission
showed that the majority of patients (38.75%) had
grade I encephalopathy. The patients in both the
groups were comparable for the various grades of
encephalopathy (P = 0.054). Further, the two groups did
not differ significantly with respect to vomiting, MELD
score, interval between jaundice and encephalopathy, and
biochemical measures of liver injury (INR, bilirubin, AST,
ALT, and albumin).

The etiology of the NAC and control group at the time
of the admission are presented in Table 2. Majority of
the patients, 32.5% and 42.5% in the NAC and control
group, respectively, had undetermined etiology. There
were 7 (17.5%) acute HEV-induced ALF cases in each
group. Moreover, 10 (25.0%) patients in the NAC
group and 5 (12.5%) in the control group (P = 0.399)
had ALF induced by drugs and toxins (8 patients had
anti-tuberculosis therapy (ATT) induced ALF and
2 patients had ayurvedic-induced ALF in NAC group
and in the control group 4 and 1 patients had ATT and
ayurvedic-induced ALF, respectively). Other etiology
includes ALF due to Wilson, autoimmune, CMV, and
HSV. There was one patient with Wilson-induced ALF in
each group. Control group comprised one patient each of
autoimmune, CMV, and HSV.

During the hospital course, a total of 15% patients
developed renal failure in NAC group versus 22.5%

in control group (P = 0.393). Mannitol was used for
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Table 1: Baseline characteristics of study subjects in the two treatment groups

Characteristics NAC group (N=40) Control group 2 (N=40) P*
Categorical variables (n (%))
Male gender 17 (42.5%) 24 (60%) 0.122
Hepatic-encephalopathy
Grade | 10 (25%) 21 (52.5%) 0.054
Grade Il 13 (32.5%) 8 (20%)
Grade llI 7 (17.5%) 7 (17.5%)
Grade IV 10 (25%) 4 (10%)
Fever 19 (47.5) 10 (25) 0.041
Vomiting 12 (30) 10 (25) 0.618
Continuous variables (mean+SD)
Age (years) 30.60£11.64 38.48+20.11 0.035
INR 2.87+1.19 2.51+0.78 0.114
Bilirubin (mg/dl) 21.1248.94 20.67+9.54 0.827
AST (mg/dl) 1726+983.4 1462+678.8 0.166
ALT (mg/dl) 1050.78+717.46 1055.80+569.04 0.972
Albumin (g/dl) 2.83+0.55 2.90+0.75 0.635
Creatinine (mg/dl) 1.45+0.81 1.35+0.65 0.555
Interval between jaundice and encephalopathy (days) 22+11.4 28+18.2 0.081
MELD Score 31.83+6.74 30.48+5.04 0.313
*P<0.05 is considered statistically significant, n: Number, SD: Standard deviation
Table 2: Etiology of ALF
Etiology Total NAC group (N=40) Control group (N=40) P*
Acute hepatitis E 14 (17.5%) 7 (17.5%) 7 (17.5%) 1
Acute hepatitis A 8 (10%) 5 (12.5%) 3 (7.5%) 0.460
Acute hepatitis B 8 (10%) 4 (10.0%) 4 (10.0%) 1
Drug-induced ALF 15 (18.75%) 10 (25.0%) 5 (12.5%) 0.399
Undetermined etiology 30 (37.5%) 13 (32.5%) 17 (42.5%) 0.359
Others? 5 (6.25%) 1(2.5%) 4 (10.0%) 0.393

*P<0.05 is considered statistically significant; “One patient of Wilson-induced ALF in each group. Control group comprised one patient each of

autoimmune, CMV, and HSV

raised intracranial pressure (ICP) more frequently in the
control (92.5%) than in the NAC group (75%) (P = 0.037).
Complications such as infection, seizures, hypotension,
development of ascites, and UGI bleed were similar
between the two groups (P = ns) [Table 3].

The mean number of days of hospital stay of survived
patients in NAC group was 8.241 £ 2.115 versus
10.737 £ 3.1006 in the control group, and the difference was
statistically significant (P = 0.002) [Table 4]. A total of 32 of
80 (40%) patients died with ALF complications; 11 (27.5%)
patients belonged to the NAC group and 21 (52.5%) patients
to the control group (chi-square = 5.208; P = 0.023) and the
mean time to death from diagnosis was 9.3 days.

More patients (72.5%) survived in the NAC group than in
the control group (47.5%) and the difference was statistically
significant [Table 5]. When survival was stratified with
various etiologies, patients with drug-induced ALF showed
improved outcome as compared to other etiologies [Table 6].

Logistic regression analysis was performed to study the role
of independent risk factors on the mortality in NAI-ALF
patients. In this study, not using NAC, age >60 years,
ITI-IV grade of encephalopathy, presence of ascites,
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Table 3: Hospital course of non-acetaminophen-induced ALF
in the two groups

Characteristics NAC group n (%) Control group n (%) P*

Renal failure 6 (15) 9 (22.5) 0.393
Development of 4 (10) 7 (17.5) 0.333
ascites

Infection 21(52.5) 20 (50) 0.824
Seizure 5(12.5) 10 (25) 0.156
Mannitol 30 (75) 37 (92.5) 0.037
Hypotension 8 (20) 10 (25) 0.594
Mechanical 4 (10) 5 (12.5) 0.722
ventilation

UGI bleeding 4 (10) 6 (15) 0.501

*P<0.05 is considered statistically significant

and MELD score >30 were the independent prognostic
factors determining mortality. However, in adjusted
models (adjusted with age and fever) not using NAC,
III-1V grade of encephalopathy and presence of ascites
were significant predictive markers of mortality [Table 7].
No adverse effect was noted in patients in the NAC group,
which could have been attributed to NAC administration.

DISCUSSION

In this prospective randomized control trial, we found
significant improvement in the survival of patients who
were treated with NAC; mortality decreased to 28%
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with the use of NAC versus 53% in the control group.
On stratification of patient’s survival on the basis of
various ctiological groups, patients with drug-induced
ALF showed improved outcome compared to other
etiologies. Furthermore, the use of NAC was safe and was
associated with a shorter length of hospital stay in survived
patients (P = 0.002).

Similarly, a prospective study with historical controls
carried out by Mumtaz e a/!**! revealed administration of
NAC causes reduction in NAI-ALF mortality and its use
was safe. Furthermote, some earlier studies in adults and
childrenP**? argued the safe use of NAC with minor side
effects, with most of them self-limited or resolved with
either the use of antihistamine drugs or by lowering the

Table 4: Length of hospital stay in NAC group and controls

Mean+SD (Range) P*
NAC group  Control group
Duration of hospital stay of 8.241£2.115 10.737+3.106  0.002
survived patients (days) (5-12) (6-20)
*P<0.05 is considered statistically significant
Table 5: Survival for study subjects
NAC group n (%) Control group n (%) P*

Survival 29 (72.5%) 19 (47.5%) 0.025
Total=40

*P<0.05 is considered statistically significant

Table 6: Survival for study participants stratified by etiology

Etiology NAC group Control P*
Undetermined 53.85% 35.29% 0.318
N=30 N=13 N=17

Drug 100% 60% 0.049
N=15 N=10 N=5

Viral 68.8% 50% 0.303
N=30 N=16 N=14

HEV 57.14% 42.86% 0.602
N=14 N=7 N=7

*P<0.05 is considered statistically significant

infusion rate. Retrospective studies of pediatric patients
with NAI-ALF showed improved transplant-free survival
and shorter hospital stays with NAC use.>**l Moreover,
patients with drug-induced ALF (ATT induced) in this
study showed improved outcome as compared to other
etiologies. Baniasadi e 2/. also showed protective effect of
NAC on antituberculosis drug-induced hepatotoxicity by
monitoring LFT.FY

The etiology of ALF has a wide geographic vatiation.
In the West, acetaminophen overdose and idiosyncratic
drug reaction constitute most of the ALF cases,”***%!
whereas in the Indian subcontinent it is HEV.'"! In this
study, although the majority of patients had undetermined
etiology (37.5%), the main cause was drug and acute
hepatitis E-induced ALE. HEV was followed by HAV and
HBV.I'"! The previous study from Kashmir (] & K) also
revealed HEV as the most common cause of ALE! The
increase in the number of patients with undetermined
etiology from previous study of 31%!'"! could be because
of unexpected acetaminophen toxicity,
unrecognized virus, metabolic, or xenobiotic injury and

?I'a novel or
undiagnosed immune dysregulation.*’!

Occurrence of various complications of ALF during
hospital course, such as sepsis, renal impairment,
hypotension, and development of ascites were similar
between the two groups. However, during hospital stay
more patients with raised ICP required mannitol in the
control group than in NAC group, possibly because NAC
increases cerebral perfusion pressure (CPP) and decreases
inflammation.

The patients in the NAC group had worse prognostic
factors at their baseline, yet their survival was better as
evidenced by the fact that there were more patients with
tever, grade IV encephalopathy and with higher bilirubin,

Table 7: Mortality among two groups and impact of various factors on mortality using logistic regression analysis

Variable Mortality rate (%) Unadjusted odds ratio P* Adjusted odds ratio P*

Group
NAC group 27.5 0.022 1 0.010
Control group 52.5 2.914 4.650

Age in years
<60 36.1 0.033 - -
>60 75.0 5.308 -

Grade of Encephalopathy
land Il 28.8 0.006 1 0.007
Illand IV 60.7 3.812 5.254

Ascites
Absent 33.3 0.002 1 0.034
Present 81.8 9.000 7.077

Meld Score
<30 25 0.013 - -
>30 52 3.286 -

*P<0.05 is considered statistically significant
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AST, creatinine, and INR levels in the NAC group. No
adverse effects were noted in patients that could have been
attributed to NAC administration.

To the best of our knowledge, only four prospective
studies have reported some benefits of NAC use in
NAI-ALF patients’ and most of them have used
retrospective controls. The major strengths of this study
include relatively modest sample size, prospective cases
and controls, and adjustments of the results for multiple
potential confounding factors. Some of the limitations
of our study include the two groups differed with respect
to age, fever, and grade of encephalopathy; exclusion of
acetaminophen-induced ALF was on the basis of history so
retrospective exposure assessments recall bias rather than
biochemical confirmation which was not available in the
hospital; and the duration of follow up was short (hospital
stay till discharge or death in the hospital).

We suggest that the use of NAC along with conventional
treatments will benefit the patients with NAI-ALF in
centers where transplantation facility is not available.
Furthermore, the use of NAC is safe.
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