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A bs tr ac t

Background

Mortality among patients with severe acute alcoholic hepatitis is high, even among 
those treated with glucocorticoids. We investigated whether combination therapy with 
glucocorticoids plus N-acetylcysteine would improve survival.

Methods

We randomly assigned 174 patients to receive prednisolone plus N-acetylcysteine 
(85 patients) or only prednisolone (89 patients). All patients received 4 weeks of pred-
nisolone. The prednisolone–N-acetylcysteine group received intravenous N-acetylcys-
teine on day 1 (at a dose of 150, 50, and 100 mg per kilogram of body weight in 250, 
500, and 1000 ml of 5% glucose solution over a period of 30 minutes, 4 hours, and 
16 hours, respectively) and on days 2 through 5 (100 mg per kilogram per day in 
1000 ml of 5% glucose solution). The prednisolone-only group received an infusion in 
1000 ml of 5% glucose solution per day on days 1 through 5. The primary outcome was 
6-month survival. Secondary outcomes included survival at 1 and 3 months, hepatitis 
complications, adverse events related to N-acetylcysteine use, and changes in bilirubin 
levels on days 7 and 14.

Results

Mortality was not significantly lower in the prednisolone–N-acetylcysteine group than 
in the prednisolone-only group at 6 months (27% vs. 38%, P = 0.07). Mortality was 
significantly lower at 1 month (8% vs. 24%, P = 0.006) but not at 3 months (22% vs. 34%, 
P = 0.06). Death due to the hepatorenal syndrome was less frequent in the prednisolone–
N-acetylcysteine group than in the prednisolone-only group at 6 months (9% vs. 22%, 
P = 0.02). In a multivariate analysis, factors associated with 6-month survival were a 
younger age (P<0.001), a shorter prothrombin time (P<0.001), a lower level of biliru-
bin at baseline (P<0.001), and a decrease in bilirubin on day 14 (P<0.001). Infections 
were less frequent in the prednisolone–N-acetylcysteine group than in the pred-
nisolone-only group (P = 0.001); other side effects were similar in the two groups.

Conclusions

Although combination therapy with prednisolone plus N-acetylcysteine increased 
1-month survival among patients with severe acute alcoholic hepatitis, 6-month sur-
vival, the primary outcome, was not improved. (Funded by Programme Hospitalier de 
Recherche Clinique; AAH-NAC ClinicalTrials.gov number, NCT00863785.)
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Severe acute alcoholic hepatitis is a 
life-threatening alcoholic liver disease.1 Al-
though glucocorticoid treatment is recom-

mended2,3 and improves survival,4-11 mortality 
remains high, with 35% of patients dying within 
6 months.1

Long-term alcohol consumption increases in-
testinal permeability, worsens endotoxemia,12 
stimulates Kupffer cells,13 and thus increases pro-
duction of proinflammatory cytokines.14 High 
levels of tumor necrosis factor α (TNF-α) activate 
cell-death pathways and induce the production of 
reactive oxygen species, notably superoxide anions, 
by the hepatocyte mitochondria, leading to cell 
death. This situation is accompanied by severe 
mitochondrial depletion of glutathione,15 the pri-
mary antioxidant in cells. Furthermore, hepato-
cytes are much more sensitive to TNF-α when 
their antioxidant reserves are low.16 Combination 
therapy with an antioxidant and glucocorticoids 
would have the advantage of both acting on the 
inflammatory process and reconstituting cellu-
lar glutathione reserves.

N-acetylcysteine could have value as an antioxi-
dant in the treatment of acute alcoholic hepatitis, 
because the thiol group in N-acetylcysteine is able 
to reduce levels of free radicals. Administration of 
N-acetylcysteine might reconstitute the glutathione 
stocks of the hepatocytes. At present, N-acetylcys-
teine is used in the treatment of acetaminophen-
induced hepatitis. We conducted a trial to evaluate 
the efficacy of glucocorticoids plus N-acetylcyste-
ine, as compared with glucocorticoids alone, in 
patients with severe acute alcoholic hepatitis.

Me thods

Patients

The complete study protocol is available (in French) 
with the full text of this article at NEJM.org. From 
2004 through 2009, patients hospitalized for severe 
acute alcoholic hepatitis at 11 French university 
hospitals were evaluated for eligibility. The inclu-
sion criteria were an age of 18 years or older, an 
average alcohol intake of more than 50 g per day 
during the 3 months before enrollment, a Mad-
drey’s discriminant function of 32 or more, and 
liver histologic findings consistent with alcoholic 
hepatitis (Mallory bodies surrounded by polymor-
phonuclear neutrophils). Maddrey’s discriminant 
function is calculated as [4.6 × (patient’s prothrom-

bin time − control prothrombin time, in seconds)] 
+ serum bilirubin level, in milligrams per deciliter. 
A value of 32 or more clearly identifies patients 
with a high risk of early death.7

Key exclusion criteria were the hepatorenal 
syndrome, hepatocellular carcinoma, uncontrolled 
bacterial infection or gastrointestinal hemor-
rhage in the previous 4 days, infection with 
hepatitis C virus (HCV), hepatitis B virus (HBV), 
human immunodeficiency virus (HIV) infection, 
autoimmune hepatitis, hemochromatosis, Wil-
son’s disease, alpha1-antitrypsin deficiency, aceta
minophen-induced hepatitis, cancer, N-acetyl-
cysteine allergy, and serious cardiac, respiratory, 
or neurologic disease.

Study Design

We performed a multicenter, randomized, con-
trolled trial. Patients who met the eligibility criteria 
were randomly assigned to receive either prednis-
olone plus N-acetylcysteine or only prednisolone. 
Randomization was performed centrally in blocks 
of four by means of a computerized procedure, with 
stratification according to center. The treatment as-
signments were not concealed from the investiga-
tors or the patients. The study was conducted in 
compliance with the protocol.

The initial evaluation included transjugular or 
percutaneous liver biopsy, ultrasonography of the 
liver, and esophageal endoscopy. The clinical ex-
amination included the recording of cardiac 
frequency, blood pressure, temperature, and as-
sessment for hepatic encephalopathy, ascites, gas-
trointestinal hemorrhage, and jaundice. Alcohol 
use was evaluated with the Alcohol Use Disorders 
Identification Test (AUDIT)17 and the CAGE ques-
tionnaire.18 AUDIT scores, which range from 0 to 
40, are determined by 10 standardized questions 
on the use of alcoholic beverages during the past 
year; a score of more than 8 indicates hazardous 
and harmful alcohol use. CAGE scores range from 
0 to 4, and each of the letters in the acronym re-
fers to one of the four questions; a score of 2 to 
4 suggests alcohol abuse.

Laboratory tests measured prothrombin time; 
levels of bilirubin, aspartate aminotransferase, 
γ-glutamyltransferase, alkaline phosphatase, al-
bumin, creatinine, sodium, potassium, phospho-
rus, hemoglobin, iron, transferrin, ferritin, alpha1-
antitrypsin, and ceruloplasmin; platelet, white-cell, 
and polymorphonuclear-neutrophil counts; and 
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antinuclear, anti–smooth muscle, antimitochon-
drial, and anti–liver–kidney microsomal antibod-
ies. Patients were tested for HBV, HCV, and HIV. 
Screening for bacterial infections included urine, 
ascites, and blood cultures, as well as chest radi-
ography. The Child–Pugh score (which ranks the 
severity of cirrhosis) and Maddrey’s discriminant 
function were calculated. The Child–Pugh scoring 
system assigns 1 to 3 points for each of five vari-
ables (prothrombin time, albumin level, bilirubin 
level, ascites, and hepatic encephalopathy), with 
3 points indicating the most severe derangement. 
A Child–Pugh score of 5 or 6 indicates class A 
disease (the least severe), 7 to 9 points class B 
(moderately severe), and 10 to 15 points class C 
(the most severe).

Each investigator determined the duration of 
hospitalization. Patients were monitored weekly 
during the first month and then monthly until 
month 6. Each visit included a clinical examina-
tion, screening for complications (gastrointestinal 
hemorrhage, the hepatorenal syndrome, hepatic 
encephalopathy, spontaneous bacterial peritonitis, 
and other infections), evaluation of compliance 
with treatment and abstinence from alcohol con-
sumption, laboratory tests (prothrombin time; 
levels of bilirubin, albumin, aspartate aminotrans-
ferase, γ-glutamyltransferase, alkaline phospha-
tase, and creatinine; and white-cell and polymor-
phonuclear-neutrophil counts), and calculation of 
the Child–Pugh score and Maddrey’s discriminant 
function. All patients were followed for 6 months 
or until death. The status (alive or dead) of pa-
tients lost to follow-up was assessed by telephon-
ing a family member or by contacting the death 
registry at the patient’s birthplace.

Study Treatments

Both groups received 40 mg of oral prednisolone 
per day for 28 days. For the first 5 days, patients 
in the prednisolone–N-acetylcysteine group re-
ceived intravenous infusions of N-acetylcysteine 
(Fluimucil, Zambon Group). On day 1, they re-
ceived 150 mg per kilogram of body weight in 
250 ml of 5% glucose solution over a period of 
30 minutes, 50 mg per kilogram in 500 ml of 
glucose solution over a period of 4 hours, and 
100 mg per kilogram in 1000 ml of glucose solu-
tion over a period of 16 hours. On days 2 through 
5, they received 100 mg per kilogram per day in 
1000 ml of glucose solution. The patients in the 

prednisolone-only group received an infusion in 
1000 ml of 5% glucose solution per day on days 
1 through 5.

The treatment of ascites with diuretics, albu-
min, and sodium restriction was allowed, as was 
the use of beta-blockers for portal hypertension. 
Management of alcohol addiction was left to the 
individual center. The use of acetaminophen, pent-
oxifylline, or anti–TNF-α treatments was prohib-
ited. All patients received normal hospital nutrition 
(1800 to 2000 kcal per day).

Study Outcomes

The primary outcome was survival at 6 months. 
Prognostic factors for 6-month mortality were ex-
amined. The secondary outcomes were survival at 
1 and 3 months, changes in bilirubin levels after 
7 and 14 days of treatment, occurrence of hepati-
tis complications, and adverse events related to 
N-acetylcysteine use. Liver transplantation or use 
of the molecular adsorbent recirculating system 
(MARS) during the trial was treated as a mortality 
end point in survival analyses.

Study Oversight

The study was approved by the institutional review 
board at Amiens University Hospital and was con-
ducted in compliance with the French Huriet–
Sérusclat legislation on medical research and the 
Declaration of Helsinki. All patients provided 
written informed consent before enrollment. (For 
patients with hepatic encephalopathy, informed 
consent was obtained from the next of kin.)

Statistical Analysis

Primary and secondary outcomes were compared 
between the two treatment groups. Quantitative 
variables, expressed as means ±SD, were compared 
with the use of the Wilcoxon test, Kruskal–Wallis 
test, or Student’s t-test, as appropriate. Qualitative 
variables, expressed as percentages, were compared 
with the use of a chi-square test or Fisher’s exact 
test. Kaplan–Meier survival curves were plotted for 
up to 180 days and compared with the use of a log-
rank test. Factors that were significantly predictive 
of mortality in a univariate analysis (P<0.05) were 
included in a multivariate Cox logistic-regression 
analysis with stepwise elimination. A bilirubin de-
crease on day 7 or 14 was defined as a lower ab-
solute value than on day 0. In secondary analyses 
that were not prespecified in the study protocol, 
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we compared causes of death between the two 
groups and examined the effect of change in bili-
rubin levels over time on survival. An intermediate 
safety analysis was performed after 50% of the 
enrolled patients had completed 6 months of fol-
low-up (with P<0.05 chosen as the threshold for 
statistical significance). For the final analysis, a 
P value of less than 0.025 was used. All the sta-
tistical analyses were performed in the modified 

intention-to-treat population. All reported P values 
are two-sided.

The required sample size was calculated on the 
assumption that the survival rate would be 67% at 
6 months in the prednisolone-only group.1 With an 
alpha error of 0.05, a beta error of 0.10, and a 
hypothetical improvement in survival of 20% at 
month 6 for the prednisolone–N-acetylcysteine 
group, the required sample size was 174 patients.

180 Underwent randomization

430 Patients were assessed for eligibility

250 Were excluded
161 Did not meet inclusion criteria
37 Declined to participate
52 Had other reasons

89 Were assigned to receive prednisolone
plus N-acetylcysteine

91 Were assigned to receive prednisolone only

4 Did not receive study drug 
2  Met exclusion criteria

1 Had hepatocarcinoma
1 Had lung cancer

2 Had other reasons

2 Did not receive study drug 
1 Met exclusion criteria 

(hepatocarcinoma)
1 Had other reason

85 Were included in the analysis 89 Were included in the analysis

8 Discontinued glucocorticoids
7 Died within the first month
1 Had spontaneous bacterial peritonitis

3 Discontinued study drug after the first 
dose owing to a rash

11 Were lost to follow-up
2 After 14 days
9 After a median of 90 days

23 Discontinued glucocorticoids
20 Died within the first month
1 Was treated with MARS on day 27
1 Had spontaneous bacterial peritonitis
1 Had a lung infection

13 Were lost to follow-up
1 After 7 days
4 After 14 days
1 After 21 days
7 After a median of 60 days

85 Received study drug and were included
in the intention-to-treat population

89 Received study drug and were included
in the intention-to-treat population

Figure 1. Enrollment and Outcomes.

Data on mortality were available for all patients in the intention-to-treat population, including those lost to follow-up. 
MARS denotes molecular adsorbent recirculating system.
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R esult s

Study Population

A total of 430 patients were evaluated for eligibility 
(Fig. 1). After exclusion of 250 patients who did not 
meet the inclusion criteria or for other reasons, 
180 underwent randomization. The final analysis 
was performed with 174 patients (73 from Amiens, 
39 from Besançon, 20 from Caen, 15 from Saint-
Quentin, 11 from Rouen, 7 from Cambrai, 2 from 
Saint-Antoine, 2 from Pitié-Salpêtrière, 2 from 
Abbeville, 2 from Beauvais, and 1 from Reims). The 

baseline characteristics of the patients did not dif-
fer significantly between the two groups, with the 
exception of a slightly higher γ-glutamyltrans
ferase level in the prednisolone–N-acetylcysteine 
group (P = 0.05) (Table 1). The results of the sched-
uled interim analysis have been published previ-
ously.19

Mortality

In regard to the primary outcome, 57 patients had 
died by 6 months. The mortality rate was 38% in 
the prednisolone-only group (34 of 89) and 27% in 

Table 1. Baseline Characteristics of the Patients.*

Characteristic
Reference 

Range

Prednisolone 
Only

(N = 89)

Prednisolone– 
N-Acetylcysteine

(N = 85) P Value

Age — yr 52.2±8.5 52.8±8.7 0.66

Male sex — no. (%) 50 (56) 55 (65) 0.25

Time between hospital admission and start  
of treatment in trial — days

7.9±6.7 7.2±6.6 0.45

Alcohol intake — g/day 108.8±55.3 107.2±58.0 0.86

AUDIT score† 22.6±7.4 22.5±7.4 0.91

CAGE score‡ 3.2±0.9 3.3±0.9 0.28

Child–Pugh score§ 11.3±1.3 11.0±1.5 0.35

Maddrey’s discriminant function¶ 58.2±20.0 54.0±18.2 0.11

Hepatic encephalopathy — no. (%) 39 (44) 38 (45) 0.46

Ascites — no. (%) 62 (70) 59 (69) 1.00

Prothrombin time — % of normal 70–100 37.5±9.9 39.9±10.9 0.12

Bilirubin — μmol/liter 0–19 260.1±171.0 238.1±136.0 0.35

Albumin — g/liter 37–45 24.9±5.4 24.3±5.9 0.42

Aspartate aminotransferase — U/liter <35–45 109.9±49.1 127.5±83.9 0.10

γ-Glutamyltransferase — U/liter 0–85 223.0±240.0 308.9±289.0 0.05

Alkaline phosphatase — U/liter 0–240 176.8±161.5 174.8±83.8 0.90

Creatinine — μmol/liter 45–120 73.1±21.0 73.3±29.9 0.96

White-cell count — per mm3 4000–10,000 10,901±5640 10,528±6534 0.69

Polymorphonuclear-neutrophil count — per mm3 1400–7500 8179±5205 7530±6254 0.48

*	Plus–minus values are means ±SD. Reference ranges are from the lowest reference value used by any of the centers to 
the highest value used by any center.

†	The Alcohol Use Disorders Identification Test (AUDIT), developed by the World Health Organization, assesses excessive 
drinking with a standardized interview that includes 10 questions on the use of alcoholic beverages during the previous 
year. A score of more than 8 indicates hazardous and harmful alcohol use (score range, 0 to 40).

‡	The CAGE questionnaire includes 4 questions on use of alcoholic beverages. A score of 2 or more indicates alcohol 
abuse (score range, 0 to 4).

§	The Child–Pugh score ranks the severity of cirrhosis by assigning 1 to 3 points for each of five variables (prothrombin 
time, albumin level, bilirubin level, presence or absence of ascites, and presence or absence of hepatic encephalopathy), 
with 3 points indicating the most severe derangement. A Child–Pugh score of 5 or 6 indicates class A disease (the least 
severe), 7 to 9 points class B (moderately severe), and 10 to 15 points class C (the most severe).

¶	Maddrey’s discriminant function is calculated as [4.6 × (patient’s prothrombin time – control prothrombin time, in sec-
onds)] + serum bilirubin level, in milligrams per deciliter. A value of 32 indicates severe acute alcoholic hepatitis with a 
high risk of early death.
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the prednisolone–N-acetylcysteine group (23 of 85) 
(hazard ratio with combination therapy, 0.62; 95% 
confidence interval [CI], 0.37 to 1.06; P = 0.07) (Fig. 
2). The mean time to death was 40±35 days (medi-
an, 27; range, 3 to 149) in the prednisolone-only 
group and 54±37 days (median, 50.5; range, 5 to 
149) in the prednisolone–N-acetylcysteine group 
(P = 0.14). In regard to the secondary outcomes, 
the respective mortality rates in the prednisolone-
only and prednisolone–N-acetylcysteine groups 
were 24% (21 of 89) and 8% (7 of 85) at 1 month 
(hazard ratio, 0.58; 95% CI, 0.14 to 0.76; P = 0.006) 
and 34% (30 of 89) and 22% (19 of 85) at 3 months 
(hazard ratio, 0.33; 95% CI, 0.33 to 1.04; P = 0.06).

Causes of Death

At 6 months, 22% of the patients in the prednis-
olone-only group (20 of 89) had died of the hepa-
torenal syndrome, versus 9% of the patients in the 
prednisolone–N-acetylcysteine group (8 of 85) 
(odds ratio, 2.79; 95% CI, 1.08 to 7.42; P = 0.02); 
the mean time to death was 36.5±28 days and 
66±33 days, respectively (P = 0.30). Deaths due to 

infections accounted for 9% of patients in the pred-
nisolone-only group (8 of 89) and 8% of those in 
the prednisolone–N-acetylcysteine group (7 of 85) 
(odds ratio, 0.91; 95% CI, 0.28 to 2.93; P = 0.85), 
with a mean time to death of 31±22 days and 
56±45 days, respectively (P = 0.05). In the predniso-
lone-only group, 4 patients died from septic shock, 
3 from lung infections, and 1 from spontaneous 
bacterial peritonitis; in the prednisolone–N-acetyl-
cysteine group, 2 patients died from septic shock, 
2 from lung infections, and 1 each from subphren-
ic abscess, spontaneous bacterial peritonitis, and 
pyelonephritis. The other causes of death in the 
prednisolone-only group were esophageal variceal 
hemorrhage (1 patient), esophageal ulcer hemor-
rhage (1), hemorrhagic stroke (1), torsade de pointes 
(1), and terminal liver failure (1); in addition, 1 pa-
tient was treated with MARS on day 27. In the pred-
nisolone–N-acetylcysteine group, the other causes 
of death were esophageal variceal hemorrhage 
(5 patients) (P = 0.11), hemorrhagic stroke (1), and 
terminal liver failure (1); in addition, 1 patient un-
derwent liver transplantation on day 170.

Adverse Events

At 6 months, the rate of the hepatorenal syn-
drome was 25% in the prednisolone-only group 
(22 of 89 patients) and 12% in the prednisolone–
N-acetylcysteine group (10 of 85) (odds ratio with 
combination therapy, 0.41; 95% CI, 0.17 to 0.98; 
P = 0.02) (Table 2). The overall rate of infection was 
42% in the prednisolone-only group (37 of 89 pa-
tients) and 19% in the prednisolone–N-acetylcys-
teine group (16 of 85) (odds ratio, 0.33; 95% CI, 
0.15 to 0.68; P = 0.001). The two groups did not dif-
fer significantly with respect to other complica-
tions. Among patients with relapse of alcohol use 
after 1 month, 13% died in the prednisolone-only 
group (2 of 15) versus 7% in the prednisolone–N-
acetylcysteine group (1 of 15) (P = 1.00).

Predictive Factors for Death

At 6 months, nine factors were significantly associ-
ated with mortality in a univariate analysis (Table 
3). Age, hepatic encephalopathy, prothrombin time, 
baseline bilirubin level, baseline creatinine level, 
Maddrey’s discriminant function, Child–Pugh 
score, change from baseline in the bilirubin level on 
day 7, change from baseline in the bilirubin level 
on day 14, and treatment group were all included in 
a Cox model for multivariate analysis. Variables 
independently associated with increased mortality 
were older age (odds ratio, 1.07; 95% CI, 1.03 to 
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Figure 2. Kaplan–Meier Curves for 6-Month Survival in the Intention-to-
Treat Population.
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1.11; P<0.001), prolonged prothrombin time (odds 
ratio, 0.93; 95% CI, 0.91 to 0.97; P<0.001), higher 
baseline bilirubin level (odds ratio, 1.007; 95% CI, 
1.005 to 1.009; P<0.001), and the absence of a de-
crease in the bilirubin level on day 14 (odds ratio, 
0.23; 95% CI, 0.12 to 0.45; P<0.001).

Change over Time in Bilirubin Level  
and Effect on Survival

The change in the median bilirubin level in each 
group over the course of the study is shown in 
Figure 1S in the Supplementary Appendix, avail-
able at NEJM.org. The difference was significant 
only on day 14 (160 μmol per liter in the prednis-
olone-only group vs. 115 μmol per liter in the 
prednisolone–N-acetylcysteine group, P = 0.003) 
(Table 1S in the Supplementary Appendix).

For the whole study population, data on the 
bilirubin level on day 7 were available for 159 pa-
tients (2 patients had died, and data were missing 
for 13 other patients). A bilirubin decrease on day 
7 was observed in 128 patients (81%). The 6-month 
survival rate was 90% among patients with a bili-
rubin decrease on day 7 and 10% among patients 
without a decrease (odds ratio, 78; 95% CI, 29 to 
210; P<0.001). On day 14, data on the bilirubin 
level were available for 143 patients (7 patients had 
died, and data were missing for 24 other patients). 
A bilirubin decrease on day 14 was observed in 
80% of the patients. The 6-month survival rate was 
89% among patients with a bilirubin decrease on 
day 14 and 11% among patients without a decrease 
(odds ratio, 61; 95% CI, 23 to 166; P<0.001). On day 
7, 78% of patients in the prednisolone-only group 
had a bilirubin decrease, versus 81% in the pred-
nisolone–N-acetylcysteine group (odds ratio, 1.38; 
95% CI, 0.59 to 3.29; P = 0.41). On day 14, 74% of 
patients in the prednisolone-only group had a bili-
rubin decrease, versus 87% in the prednisolone–
N-acetylcysteine group (odds ratio, 2.47; 95% CI, 
0.96 to 6.49; P = 0.04).

Discussion

In patients with severe acute alcoholic hepatitis, the 
combination of N-acetylcysteine and prednisolone 
did not significantly improve 6-month survival, 
as compared with prednisolone only. The rationale 
for the use of antioxidants in the treatment of acute 
alcoholic hepatitis is based on the pivotal role of 
oxidative stress in the disorder. Liver protection by 
N-acetylcysteine has been shown in mouse models 
of acute and chronic alcoholic hepatitis.20-22 How-

ever, in patients with severe acute alcoholic hepa-
titis, the benefits of antioxidants have not been 
shown. In a randomized trial, a combination of an-
tioxidants that included N-acetylcysteine was sig-
nificantly worse than prednisolone with respect to 
survival.23 Similarly, in a study with a complex de-

Table 2. Adverse Events.

Event

Prednisolone 
Only

(N = 89)

Prednisolone– 
N-Acetylcysteine

(N = 85)

no. (%)

Hepatorenal syndrome* 22 (25) 10 (12)

All infections† 37 (42) 16 (19)

Spontaneous bacterial peritonitis 9 (10) 5 (6)

Lung infection 8 (9) 3 (4)

Urinary system infection 7 (8) 4 (5)

Erysipelas 3 (3) 0

Staphylococcal septicemia 2 (2) 2 (2)

Gram-negative septicemia 2 (2) 2 (2)

Esophageal candidiasis 2 (2) 0

Otitis externa 1 (1) 0

Infection of unknown cause 3 (3) 0

Esophageal variceal hemorrhage 8 (9) 10 (12)

Esophageal ulcer hemorrhage 1 (1) 0

Gastroduodenal ulcer hemorrhage 0 3 (4)

Umbilical variceal hemorrhage 0 1 (1)

Thigh hematoma 0 1 (1)

Hepatic encephalopathy 4 (4) 3 (4)

Hepatic hydrothorax‡ 0 1 (1)

Functional kidney failure 0 1 (1)

Inguinal hernia occlusion 1 (1) 0

Lumbar vertebral collapse 1 (1) 1 (1)

Cerebral hemorrhage 2 (2) 1 (1)

Cancer of the pharynx 1 (1) 0

Uterine fibroid hemorrhage 1 (1) 0

Calf hematoma 1 (1) 0

Torsade de pointes 1 (1) 0

Rash after first injection of N-acetylcysteine 0 3 (4)

MARS use§ 1 (1) 0

Liver transplantation§ 0 1 (1)

Relapse of alcohol use after 1 month 15 (17) 15 (18)

*	P = 0.02 for the between-group comparison.
†	P = 0.001 for the between-group comparison.
‡	Hepatic hydrothorax was related to portal hypertension.
§	Liver transplantation or use of the molecular adsorbent recirculating system 

(MARS) was considered a primary-outcome failure.

The New England Journal of Medicine 
Downloaded from nejm.org at INSERM DISC DOC on November 12, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;19  nejm.org  november 10, 20111788

sign, another N-acetylcysteine-containing antioxi-
dant regimen (with or without glucocorticoids) did 
not improve 6-month survival.24 Finally, a random-
ized trial showed that use of N-acetylcysteine for 
14 days did not confer any survival benefit, as com-
pared with oral nutritional support.25

Although there was no significant difference in 
survival at 6 months between our study groups, 
there was a short-term survival benefit at 1 month 
with prednisolone–N-acetylcysteine as compared 
with prednisolone only. We used N-acetylcysteine 
because it has antioxidant properties,26 decreases 
levels of free radicals, increases glutathione lev-
els,27 and represses the expression of nuclear 
factor κB and TNF-α.28 The dose, duration, and 
administration route used were the same as those 
used for the treatment of drug intoxication29,30 and 
the hepatorenal syndrome.31 At 3 and 6 months, 
we observed a lower mortality rate in the prednis-
olone–N-acetylcysteine group than in the prednis-
olone-only group, but the differences were not 
significant. These findings may be related to a 
lack of power. It is also possible that 5 days of 
N-acetylcysteine was not enough. A longer period 
of intravenous N-acetylcysteine combined with 
prednisolone could perhaps be considered, with 
subsequent oral administration of N-acetylcysteine 
until 1 month.

The improvement in short-term survival that 
we observed in our study could be linked, at least 
in part, to a reduced risk of the hepatorenal syn-
drome in the prednisolone–N-acetylcysteine group. 
In a study involving 12 patients with the hepato
renal syndrome, the survival rate at 1 month after 

N-acetylcysteine infusion was unexpectedly high 
(67%).31 In regard to morbidity, the prednisolone–
N-acetylcysteine group in our study had signifi-
cantly fewer infectious complications than the 
prednisolone-only group. It has been shown that 
patients with severe alcoholic hepatitis who do 
not have a response to treatment have significantly 
more bacterial infections than patients who have 
a response.32 Alternatively, N-acetylcysteine could 
have beneficial effects by increasing blood flow 
to the liver, improving liver function, increasing 
the cardiac index,33 and decreasing the intrahe-
patic lactate levels seen in patients with septic 
shock.34

Our study provides prospective validation of the 
finding that a decrease in the bilirubin level after 
7 days of treatment is associated with a favorable 
prognosis35 and also shows that a decrease on day 
14 is associated with increased survival. How-
ever, in a multivariate analysis, only a decrease in 
the bilirubin level on day 14 remained significant, 
and the decrease was more frequent in the pred-
nisolone–N-acetylcysteine group than in the pred-
nisolone-only group. Thus, for a 5-day course of 
prednisolone–N-acetylcysteine therapy, therapeu-
tic efficacy is better evaluated on day 14 than on 
day 7.

In conclusion, we observed improved survival at 
1 month among patients with severe acute alco-
holic hepatitis who received combination therapy 
with prednisolone and N-acetylcysteine, as com-
pared with those who received prednisolone only, 
but 6-month mortality, our primary outcome, was 
not improved with combination therapy.

Table 3. Factors Associated with Mortality at 6 Months (Univariate Analysis).*

Factor Status at 6 Mo P Value

Dead Alive

Age — yr 55.6±6.9 50.9±8.9 <0.001

Prothrombin time — % of normal 35.2±10.5 40.3±10.1 0.003

Bilirubin — μmol/liter 330.4±182.1 209.9±122.8 <0.001

Creatinine — μmol/liter 80.8±24.6 69.4±25.4 0.005

Hepatic encephalopathy — no./total no. (%) 18/57 (32) 19/116 (16) 0.03

Maddrey’s discriminant function 66.3±17.8 51.2±17.9 <0.001

Child–Pugh score 11.5±1.3 10.9±1.4 0.01

Bilirubin decrease on day 7 — no./total no. (%) 31/51 (61) 97/108 (90) <0.001

Bilirubin decrease on day 14 — no./total no. (%) 29/46 (63) 86/97 (89) 0.001

*	Plus–minus values are means ±SD.
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