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N-Acetylcysteine (NAC) is reported to have multiple clinical applications in addition to being the specific antidote for acetaminophen
toxicity. NAC stimulates glutathione biosynthesis, promotes detoxification, and acts directly as a scavenger of free radicals. It is
a powerful antioxidant and a potential treatment option for diseases characterized by the generation of free oxygen radicals. We
present a case of postoperative hepatic dysfunction of multifactorial etiology in a patient with therapeutic acetaminophen levels,
where hepatic function improved considerably following administration of intravenous NAC. This case suggests that NAC should be
considered for treatment of acute liver dysfunction in the postoperative setting, even in the absence of elevated acetaminophen levels.

1. Introduction

N-Acetylcysteine (NAC) is the antidote for acetaminophen
(APAP) toxicity and has been used as a beneficial drug treat-
ment for liver disorders. Its use and benefits have been reported
in multiple other conditions and is attributed to the fact that it
increases levels of glutathione, the body’s major antioxidant [1].

We present a patient who developed hepatic dysfunction
of multifactorial etiology in the postoperative period, whose
hepatic function improved soon after administration of intra-
venous (IV) NAC. The patient had hepatitis C virus (HCV),
alcohol use disorder (AUD) with liver function tests suggestive
of alcoholic hepatitis, and borderline malnutrition. He received
oral APAP for postoperative analgesia. It is believed that these
factors combined to cause the development of acute hepatic
dysfunction postoperatively. Following NAC administration,
hepatic function improved rapidly.

2. Case Description

A 58-year-old male underwent elective left lower lobe resec-
tion via video-assisted thoracoscopic surgery (VATS) for a
9mm lung nodule suspicious for malignancy. The patient’s

past medical history included hypertension, gastroesophageal
reflux disease, depression, anxiety, chronic hepatitis C, and
AUD. Liver biopsy and Fibroscan had not been performed to
assess for cirrhosis, preoperatively. His last admission was six
months prior to surgery for alcohol withdrawal syndrome. The
patient reported drinking 10 beers a day with his last drink on
the day before surgery. He denied tobacco, but reported using
marijuana. He had no known allergies or adverse drug
reactions.

His baseline liver function tests (LFTs) before surgery were:
AST 111 U/L, ALT 50 U/L, total bilirubin (TBili) 0.5mg/d],
INR 1.11 (Table 1). AST/ALT ratio suggested alcoholic hepa-
titis. Nutritional status was marginal, with albumin 3.1g/dL.
Platelet count was 120,000k/cmm. Outpatient medications
included aripiprazole, sertraline, and a multivitamin.

There were no hypotensive episodes or other complica-
tions during VATS. Blood loss was less than 50 ml. He received
general anesthesia with sevofluorane. There were no other
concomitant medications given intraoperatively or postoper-
atively that could have contributed to deteriorating hepatic
function.

The following analgesics were given to optimize pain con-
trol postoperatively: APAP 1g orally every six hours for three
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TABLE 1: Pertinent laboratory values.

Labs (reference range) Prior to surgery POD 1 POD 2 POD 3 POD 4 POD 5 POD 6 POD 7
AST (0-37 U/L) 111 3169 5417 3318 1432 863
ALT (17-63 U/L) 50 758 1372 1209 766 607
Total bilirubin (0-1.3 mg/dl) 0.5 2.8 3.5 3.6 3.5 3.3
INR (0.83-1.18) 1.11 2.83 2.23 1.24 1.24
Alk phos (38-126 U/L) 110 119 104 137 215
Albumin (3.5-4.8 g/dl) 3.4 2.6 2.5 2.4 2.7
BUN (6-20 mg/dl) 4 3 6 9 10 8 5 2
Cr (0.9-1.3mg/dl) 1.36 0.86 1.03 1.08 1.28 0.94 0.79 0.78
Glucose (70-105 mg/dl) 79 105 82 80 58 112 95 99
NH; (9-35mcMol/l) 52
Lactate (0.5-2 mmol/L) 6.1 3.1
6000 o 4 The hepatology service was consulted and a diagnosis of
35 8 acetaminophen-induced hepatotoxicity was suspected based
,, 2000 é on the clinical picture, laboratory values, and negative imaging.
;§ 4000 . 3 2 However, APAP level was within normal limits at 12.9mg/L
5 25 ; (normal therapeutic range 5-20mg/L) [2]. Despite a nontoxic
< 3000 . 2 Z APAP level, NAC was recommended. On POD 4, he was
5 15 & treated with 3 weight-based doses of IV NAC: 9 g (150 mg/kg)
2000 - T3 over one hour, then 3 g (50 mg/kg) over four hours, followed
1z by 6 g (100 mg/kg) over sixteen hours. A one-time dose of oral
1000 05 vitamin K 10 mg was also administered.
0 o, = On POD 5, APAP level decreased to 0.5mg/L and LFTs
3 4 5 6 7 were noted to be declining. He was discharged on POD 7, at
POD Day which time he was clinically stable and asymptomatic. LFTs
—=— AST (U/L) INR continued to improve and the patient’s renal function remained
ALT (U/L) Albumin (g/dL) at baseline and within normal limits. One month after dis-
Total bili (mg/dL) charge, LFTs further decreased to: AST 427 U/L, ALT 82 U/L,

FIGURE 1: Selected laboratory trends.

days, oxycodone 5-10 mg orally every four hours as needed,
and hydromorphone 0.5 mg I'V every four hours as needed for
breakthrough pain.

On postoperative day 2 (POD 2), the patient remained
hemodynamically stable. On POD 3, he developed nausea and
discomfort in the right upper quadrant. LFTs were checked
and noted to be elevated: AST 3169 U/L, ALT 758 U/L, TBili
2.8 mg/dL (Table 1, Figure 1). He had received a total of 9 g of
APAP over a period of 3 days, with no more than 4g over a
24-hour period. APAP was discontinued at this time due to
LFT elevation and concern for iatrogenic hepatotoxicity.

On POD 4, LFTs peaked: AST 5417 U/L, ALT 1372 U/L,
TBili 3.5mg/dL; albumin 2.6g/dL, INR 2.83, lactate
6.1 mmol/L; and glucose 58 mg/dl. Renal function and arterial
blood gas remained within normal limits. Urine toxicology
screen was negative. The patient reported right-sided abdom-
inal pain and nausea, and had two episodes of emesis. He was
noted to have scleral icterus and grade I encephalopathy. He
had a syncopal episode secondary to hypoglycemia, which
promptly responded to intravenous dextrose administration.
A CT scan of the abdomen and pelvis was done, revealing fatty
liver without portal vein thrombosis or other biliary tract
abnormalities. Ischemic hepatitis (shock liver) was thought
unlikely as the patient was never hypotensive.

TBili 2mg/dL.
Throughout the patient’s hospital stay, renal function
remained at baseline (0.8-1.4 mg/dl).

3. Discussion

This case report describes the beneficial effect of IV NAC when
used in the postoperative period, in a patient who developed
hepatic dysfunction following oral APAP use for analgesia.
Our patient had preexisting risk factors for acetaminophen-in-
duced hepatoxicity including HCV, AUD with possible alco-
holic hepatitis, and malnutrition. Expert opinion recommends
limitation of APAP dosage to 2 g/day in patients with chronic
or acute alcohol abuse [2]. However, this patient received
APAP 4 g/day in adherence with current FDA recommenda-
tions for APAP use in adults. When measured, his APAP level
was within normal limits at 12.9mg/L. Therapeutic APAP
blood concentration is <20 mg/L and toxic blood concentra-
tions are typically in the range of 25-150 mg/L [3]. Although
it is unlikely that APAP toxicity was the sole cause of his acute
liver dysfunction, it likely contributed to it.

Treatment with NAC was recommended by hepatologists
based on documented benefits of NAC use in liver dysfunction
caused by various etiologies. Regardless of the etiology of acute
liver dysfunction in this patient who underwent surgery, the
use of IV NAC in the postoperative period was associated with
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rapidly improving liver function. The discontinuation of APAP
also likely contributed to improving liver function.

There are only two case reports in the published literature
that we are aware of, describing beneficial effects of IV NAC
when used in the postoperative period in patients who devel-
oped hepatic dysfunction associated with APAP use. Both
describe patients who developed hepatic dysfunction associ-
ated with intravenous (IV) APAP use. In this case report, we
describe hepatic dysfunction associated with oral APAP use
in the postoperative period.

The first case report describes a 36-year-old woman who
underwent laparoscopic appendectomy and received a total
of 16 g of IV APAP for pain control over 5 days in the peri-op-
erative period. APAP level was 34 mg/L [4]. The patient had
transaminase elevations that resolved with IV NAC adminis-
tration. Malnutrition was the only known hepatotoxic risk
factor in this patient [4].

The second report describes a 92-year-old female who
received a total of 13g of IV APAP (1g every six hours) for
pain control after laparoscopic reduction of internal hernias,
which resulted in elevated LFTs. APAP level was within nor-
mal range. She had no history of hepatic disease or alcohol
abuse. Her advanced age, postoperative status and likely cat-
abolic state were thought to have caused susceptibility to aceta-
minophen-induced hepatotoxicity. LFTs improved with the
administration of IV NAC [5].

NAC is a potential treatment option for both acute and
chronic diseases characterized by the generation of free oxygen
radicals [1]. There are several reports in the literature about
benefits of NAC treatment for APAP toxicity [3, 6] and treat-
ment of this condition constitutes its only FDA approved use
in liver dysfunction.

NAC has antioxidant properties, which has been attributed
to its role as a precursor of glutathione [7]. Oxidative stress is
one of the pathogenetic mechanisms causing liver damage. It
contributes to initiation and progression of steatosis, fibrosis,
and hepatic dysfunction in a variety of liver disorders [8].

NAC stimulates glutathione biosynthesis by providing
cysteine, which is involved in a rate-limiting step in glu-
tathione synthesis. Glutathione is essential for the body’s anti-
oxidant defenses [9].

In addition to oxidative stress, nitrosative stress mecha-
nisms are involved in the pathogenesis of chronic liver dis-
eases. In the presence of reactive oxygen species, nitric oxide
forms peroxynitrites which have deleterious effects [10]. Nitric
oxide contributes to liver ischemia-reperfusion injury.
Inhibition of inducible nitric oxide synthase (iNOS) shows
beneficial effects and NAC modulates expression of iNOS in
human hepatocytes stimulated by proinflammatory cytokines
[10]. This may be the basis of beneficial effects of NAC in
chronic liver diseases [10].

NAC has been used successfully for chronic liver disorders
such as chronic hepatitis C [11, 12].

The American Association for the Study of Liver Diseases
(AASLD) recommends NAC for all cases of acute liver failure,
even if APAP is not the cause [13]. They suggest NAC admin-
istration if increasing aminotransferases are suggestive of liver
injury, even if serum APAP level or amount of APAP ingested
does not indicate APAP toxicity. This recommendation is based

on the fact that NAC has the potential to improve liver function
in nonacetaminophen-induced liver dysfunction [13].

A prospective, double-blind randomized controlled trial
(RCT) concluded that IV NAC increased the transplant-free
survival rate in patients who had nonacetaminophen-induced
acute liver failure with coma grade I-II compared to placebo [14].

Another prospective, double-blind RCT showed that IV
NAC improved hepatic function as shown by decreasing ALT
and bilirubin values (but not AST, INR, or creatinine) and
decreasing transplant rates in patients with nonacetami-
nophen-induced acute liver failure with coma grade I-II com-
pared to placebo [15].

A third prospective, RCT demonstrated that IV NAC
decreases mortality and hospital length of stay compared to
placebo in patients with nonacetaminophen-induced acute
liver failure with coma grade I-IV [16].

Furthermore, NAC may play a role in preventing postop-
erative complications. One study on the prevention of acute
renal failure after cardiac surgery showed marked reduction
in renal failure in a subgroup of patients placed on cardiopul-
monary bypass, who received NAC [17]. Another small study
of twenty-two patients concluded that NAC may be useful in
preventing pulmonary complications in patients undergoing
esophagectomy for cancer [18].

Multiple other benefits of NAC supplementation in vari-
ous disorders have been supported by varying levels of scien-
tific evidence. These include treatment of pulmonary
conditions (chronic obstructive pulmonary disease, chronic
bronchitis, asthma, idiopathic pulmonary fibrosis, influenza
virus, renal conditions (contrast induced nephropathy pre-
vention), and treatment of infertility in patients with polycys-
tic ovarian syndrome [1]. There have also been reports about
the benefit of NAC in some psychiatric disorders such as schiz-
ophrenia and bipolar disorder [9].

With regard to drug safety, NAC is relatively safe. In its
oral form, mild gastrointestinal symptoms are the most com-
mon side effects [9]. When given intravenously at high doses
(>3 g/day), anaphylactoid reactions can occur.

4. Conclusion

Intravenous NAC was beneficial in this patient who developed
acute hepatic dysfunction in the postoperative period. Given
its favorable risk/benefit ratio in both acute and chronic
hepatic dysfunction as reflected in multiple published reports,
the use of intravenous NAC should be considered in postop-
erative patients with worsening hepatic dysfunction of multi-
factorial etiology.
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