


Certain portions of this correspondence have been omitted pursuant to a request
for confidential treatment which has been filed separately with the SEC.

June 22, 2007

United States Securities and Exchange Commission
100 F Street, N.E.
Washington, D.C. 20549
Attention: Mr. Jeffrey P. Riedler
Assistant Director

Re: Cumberland Pharmaceuticals Inc.
Form S-1 Registration Statement
File No. 333-142535

Ladies and Gentlemen:

We are responding supplementally to comments received in a letter dated June 8, 2007 from Mr. Jeffrey P. Riedler to Mr. A.J. Kazimi with respect to the
Form S-1 Registration Statement of Cumberland Pharmaceuticals Inc. filed on May 1, 2007.

1) To fulfill our response to your Comment No. 8, we hereby provide the Commission a copy of the article entitled “An update of N- acetylcysteine
treatment for acute acetaminophen toxicity in children” by Laurie Marzullo, published by Lippincott Williams & Wilkins, Curr Opin Pediatr 17:239-245,
2005.

2) To fulfill our response to your Comment No. 28, we hereby advise the Commission Staff that the Company considers the following public companies to
be its peers: Myriad Genetics, Inc. (“MYGN™), Bradley Pharmaceuticals, Inc. (“BDY”), Nabi Biopharmaceuticals (“NABI”), Forest Laboratories, Inc.
(“FRX”) and Salix Pharmaceuticals, Ltd (“SLXP”).

3) To fulfill our response to your Comment No. 48, we hereby provide the following itemized chronological schedule covering all equity instruments
issued by the Company since January 1, 2006:
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An update of N-acetylcysteine treatment for acute
acetaminophen toxicity in children

Laurie Marzullo

Purpose of review

Acetaminophen poisoning accounts for a dispropertionate
percentage of all toxic ingestions, and can be life-
threatening. This article reviews the mechanism and
presentation of acetaminophen toxicity, as well as its
treatment, including current thinking and treatment
recommendations.

Recent findings

N-acetylcysteine acts to detoxify acetaminophen in several
ways, but primarily by increasing the synthesis and
availability of glutathione, which binds and inactivates the
highly reactive and hepatotoxic acetaminophen metabolite
N-acetyl-p-benzoquinoneimine, The US Food and Drug
Administration has approved an intravenous formulation of
N-acetylcysteine, thus allowing the treatment time lo be
decreased from the 72 hr most commonly used for the oral
regimen, to only 20 hr. This comes after many years of
accepted intravenous N-acelylcysteine use in Europe and
Canada, and much controversy as to the superiority of both
treatments. This review summarizes this controversy, and
offers a framework to develop a safe treatment plan that has
the optimal outcome for the patient, as well as reflecting
knowledge of the potential caveats at work. It describes
side effects of N-acetylcysteine treatment, as well as
relative indications to choose one route of treatment over
the other.

Summary

Acetaminophen can lead to irreversible liver damage and
even death in acute overdose. Outcome is related to the
swiftness in which the antidote (N-acetylcysteine) is
provided. In the United States, there are now available both
the oral and intravenous forms of N-acelylcysteine, and
pros and cons exist for each. With brisk and adequate
treatment using either route, recovery can be complete, and
liver function can be restored.

Keywords
acetaminophen toxicity, anaphylaxis, centrilobular necrosis,
glutathione, N-acetyicysteine
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Introduction

Acetaminophen is a well-known, long trusted, and exceed-
ingly available over-the-counter analgesic and antipyrertic.
Since its availability in the 1950s, its use has become very
widespread, because of its efficacy, as well as its high tox-
ic-to-therapeutic ratio, and its availability in liquid, tablet,
and suppository preparations. Perhaps in part because of
its ubiquity in medicine chests, it is an extremely fre-
quently reported agent of toxic ingestions, both accidental
and intentional, It accounted for 147 deaths reported to
the American Association of Poison Control Centers in
2003 [1]. Damage to the liver is the most common cause
of serious morbidiry and death. Acetaminophen is metab-
olized almost exclusively in the liver, with more than 90%
being converted to the nontoxic glucuronide and sulfate
conjugates, and less than 5% being exereted unchanged
in the urine. The remaining 5% is metabolized by various
cytoctome P450 enzymes, and thus the highly reactive
N-aceryl-p-benzoquinoneimine (NAPQI) is formed [2-4].

The generally accepted potential risk of toxicity in previe
ously healthy, nonfasted patients occurs with acute inges-
tion of more that 150 mg/kg in children (although recent
studies indicate that doses up to 200 mg/kg may be safe)
and 7.5 g total ingestion in adults |2]. Fasted patients,
those with chronic liver disease or a history of excessive
alcohol use, and those who take drugs that induce the cy-
tochrome P450 system arc at greater risk from lower inges-
tions. The therapeutic range in the plasma is 10-20 pg/
ml, all preparations are readily absorbed, and even the ex-
tended release compounds reach peak concentrations by
4 hr after ingestion,

Mechanism of toxicity

In the vsual nontoxic acetaminophen doses, NAPQI com-
bines with the sulfhydryl group of endogenous glutathione
to form a nontoxic mercapuide conjugate. In roxic doses,
excessive NAPQI is formed, and glutathione stores are de-
pleted. There is observable NAPQI-induced liver toxicity
if the glutathione supply falls below 30% of normal.
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Centrilobular necrosis in the liver cells predominates as
the cellular mechanism of acetaminophen toxicity, be-
cause of covalent binding of NAPQI to eysteinyl sulfhydry!
groups in the liver cells. How the actual injury occurs
remains under study, but possible mechanisms include
damage to mitochondrial function, inhibition of Krebs cy-
cle enzymes, and disruption of calcium gradients that are
involved with various cellular functions [2—4].

Clinical features of toxicity

Treatment of acetaminophen toxicity needs to be aggres-
sive and early to aveid the significant morbidity and even
mortality associated with overdose, and this is often com-
plicated by the fact that early recognition of the ingestion
is easily missed.

There are four main stages of toxicity:

(I} {0.5-24 hr after ingestion): Symptoms may include
anorexia, naused, vomiting, malaise, pallor, and dia-
phoresis. This stage may be completely asymptom-
atic, and all laboratory studics (but acetaminophen
concentration) are normal. If there are other signs
or symptoms at this stage, a thorough investigation
for possible co-ingestants should be made,

(1) (24-48 hr after ingestion): Symptoms and signs
may include right upper quadrant pain, jaundice,
clevated laboratory values (bilirubin, PT, hepatic
enzymes), and oliguria. Aspartate aminotransferase
{AST) is the most scnsitive measure of liver toxicity
in this scenario, and always precedes actual liver dys-
funcrion. Resolution of the vague stage | symproms
may oceur.

(111} (72-96 hr after ingestion): This is the time of max-
imal hepatotoxicity. Findings may vary from the com-
plete lack of symproms to fulminant hepatic failure,
with coma and life-threatening hemorrhage. Transa-
minases may surpass 10 000, even with no objective
signs of liver dysfunction. If liver injury is significant,
hyperbilirubinemia, prolonged PT, acidosis, and oth-
er findings referable to liver dysfunction may be
present. If fatality is the outcome, it usually occurs
ar 3-5 days.

(IV) (4 days-2 weeks): This is the recovery phase. In sur-
vivors, hepatic regeneration of function is complere.

In severely poisoned patients, renal dysfunction is com-
mon (up to 25%), because of dircct, in situ NAPQI toxic-
ity in the kidney analogous to that in the liver, as well as
secondary renal failure related to the primary hepatic in-
sult (hepatorenal syndrome).

Laboratory evaluation

The measured acetaminophen level at 4 hr after ingestion
or longer predicts the possibility of liver injury when plot-
ted on the accepred aceraminophen nomogram.

‘T'he original study that predicted liver toxicity as it related
to acetaminophen level and time since ingestion (done by
Rumack and Matthew, 1975) [5] depicted a treatable 4-hr
level at 200 pg/ml. However, a lower line, the ‘possible
hepatotoxicity line' (25% under the upper one), indicating
a 4-hr level of 150 pg/ml, was subsequently established to
prevent undertreatment. Special care must be given to
interpreting the level with knowledge of the correct units.
In addition, the nomogram cannot be used to interpret
chronic ingestions,

In general, the same 4-hr postingestion level can be used
for treatment decisions conceming extended-release acet-
aminophen products, but some conservative practitioners
advocate the measurement of 4-hr and 6-hr levels in large
ingestions of extended-release products, and treating if ei-
ther value is in the toxic range.

In the previously healthy patient with no baseline liver
dysfunction, further diagnostic evaluation is guided by
the presence of a toxic acetaminophen concentration. If
laboratory evaluartion is triggered, then liver function tests,
electrolytes, glucose, and pH determinations should be
done.

General treatment guidelines

The accepted antidote for ingestion of toxic levels of acet-
aminophen is N-aceryleysteine (NAC), as published by
Prescott & @/, [6,7]. In addition to a number of extrahepar-
ic and microcirculatory effects, NAC works in the liver by
a number of proposed mechanisms, described as follows
{Fig. 1).

(1) NAC increases the synthesis and availability of gluta-
thione, being converted ro cysteine and then to glu-
tathione.

{2) NAC (via its reduced sulfur group) can substitute for
glutathione and directly bind, and thus detoxify,
NAPQL.

(3) NAC can supply a substrate for sulfation, increasing
the percentage of nontoxic metabolism.

Gastric decontamination with activated charcoal is recom-
mended, but its usefulness is limited if given more than
2 br after ingestion, because acetaminophen is rapidly
absorbed.

Acetaminophen is rapidly adsorbed by activated charcoal,
and its administration is especially important if the over-
dose involves multiple compounds. The decision to use
activated charcoal should not be affected by considera-
tions of the use of NAC, but the evidence remains contro-
versial as to whether charcoal adsorption of NAC is
clinically significant. The most likely hypothesis is that
the amount of NAC used in acetaminophen toxicity so
greatly exceeds that needed to prevent liver cell damage,




Figure 1. Mechanisms by which N-acetylcysteine (NAC) works
in the liver
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NAC increases the synthesis and availability ol glulathione, being
converted to cysteine and then to glutathione. NAC (via its reduced
sulfur group) can substitute for glutathione and directly bind, and thus
detoxity, N-acetyl-p-benzoquinoneimine. NAC can supply a substrate for
sulfation, increasing the percentage of nontoxic metabolism.
Reproduced with permission [2].

that a small decrecase in NAC bioavailability by activated
charcoal adsorption is not clinically significant [3]. In ad-
dition, it is often possible to temporally separate the acti-
vated charcoal from the first dose of oral NAC, because
outcome is not affected as long as NAC is started wichin
8 hr of aceraminophen ingestion [8].

Considerations for the use of oral
N-acetylcysteine

The use of an oral protoesl for NAC therapy for acetamin-
ophen toxicity has long accepted the dosing schedule to
include a 140 mg/kg loading dose, followed by an additional
17 doses of 70 mglkg cvery 4 hr (for a toral of 1330 mg/kg
NAC over 72 hr) [6]. Smilkstein e /., 1988 (8] conducted
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a study to define the efficacy of oral NAC in this setting,
and its relation to the inidal plasma APAP concentration
and to the delay before treatment is initiated. The eval-
uated patients met inclusion eriteria of a single, acure
acetaminophen overdose, at least one APAP measurement
between 4 and 24 hr after ingestion, ar least 17 doses (un-
less they died first) of cnrerally administered NAC (orally
of enteral tube), and availability of serial AST measure-
ments to assess liver toxicity. Those chosen for treatment
had APAP levels that were stratified, but all had levels chat
were at or above a point on the nomogram corresponding
to 150 pg/ml at 4 hr after ingestion, previously described
by Rumack and Matthew [5]. Also treated were those
whose levels were not available umtil after trearment
was initiated, if ingestion was more than 140 mg/kg in
a child or 7.5 g in an adult. As with previous studies, it
was shown that hepatotoxicity was minimal regardless of
the initial APAP concentration if NAC was started within
8 hr of ingestion. This suggests that creatment delays due
to factors that delay gastric emptying or to the adminiscra-
tion of activated to charcoal should not adversely impact
the outcome, if NAC is started within 8 hr of ingestion.
There was, however, an increase in hepatotoxicity with
vreatment delays within 8-16 hr after ingesrtion,

Woo er af. (2000) [9] did an observational study o assess
whether the oral dosing of NAC could be implemented for
less than 72 hr and keep the same efficacy as the originally
recommended 72-hr regimen. The study was done as aret-
rospective chart review of acetaminophen ingestions at
one hospital, with therapy being inidiated if serum APAP
levels were above a modified Rumack-Matthew line
extending from 140 pg/ml at 4 hr to 50 pg/ml at 10 he.
The regional poison control center recommended institut-
ing the oral NAC regimen at the usual 140 mg/kg loading
dose, followed by 70 mg/kg q4h dosing, until the serum
APAP level was undetectable. This study demonstrated
as high an efficacy in the shorter regimens of oral NAC
use as compared with the 72-hour oral protocol described
in the Smilkstein study (1988) [8] discussed earlier
Smilkstein's group showed an incidence of hepatotoxicity
of 6,1% if NAC was initiated within 10 hr of ingestion, and
26.4% if treated after 10 hr. The present study showed
analogous incidences of hepatotoxicity of 3% and 21%, re-
spectively. The authors suggesting the adoption of a time
of 36 hr after ingestion as a time to discontinue NAC ther-
apy, if the aceraminophen level is no longer detectable and
if AST/ALT levels are normal.

Considerations for the use of

intravenous N-acetylcysteine

In Europe and Canada, the 20-hr intravenous NAC regi-
men for acetaminophen overdose has long been used, with
a cumulative dose of 300 mg/kg, cven as the oral regimen
was the only one approved in the United States for this
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purpose. In 1991, Smilkstein’s group [10] published
a study aimed at describing an effective and shorter alter-
native to the oral regimen using an investigational, pyro-
gen-free form of intravenous NAC, and the 48-hy,
intermittent dosing protocol was described. The dosing
included a 140 mg/kg loading dose, followed by 12 main-
tenance doses of 70 mg'kg, every 4 hr. All doses were in-
fused over 1| hr, and each subsequent dose was started
4 hr after the previous one (i.e., 3-hr "off" per time peri-
od). The total treatment dose was 980 mg/kg over 48 hr
The inclusion criteria were the same as Smilkstein's 1988
aral NAC study [8]. This study produced results similar to
those of the studies describing the 72-hr oral NAC proto-
col and the 20-hr continuous intravenous NAC protocol, in
acutely poisoned paticnts treated within 10 hr of inges-
tion.

The incidence of hepatotoxicity in the 48-hr intravenous
protocol was comparable to previously noted percentages
for treatment groups before and after 10 hr of ingestion in
the 72-hr oral protocol as well as the 20-hr intravenous
protocol. There was 10% heparotoxicity if treatment
was initiated within 10 hr of ingestion, and 27.1% if initi-
ated within 24 hr of ingestion. It was deemed ‘hepatopro-
tective’ and resulted in no deaths in all risk groups.

Perry and Shannon [11] made the comparison of intrave-
nous versus oral NAC, in an open-label clinical trial in a pe-
diatric population. The study group was similar to that in
other studies, in that patients had an acute ingestion, a 4-
hr level that placed them at least above the 'possible tox-
icity’ line on the nomogram, and presented no later than
24 hr after overdose. The intravenous NAC regimen was
140 mg/kg loading dose followed by 12 doses of 70 mg/kg,
all during 1 hr, 4 hr apart. The historical control subjects
were thase treated with oral NAC in the accepted regi-
men, with the same eligibility requirements as the intra-
venous NAC pgroup. Mean treatment delay  was
significantly longe- in the intravenous group, as was peak
prothrombin time values. All other laboratory values had
no significant differences between groups.

In Perry's study, there were no patients in the intravenous
protocol who had hepatotoxicity if treated within 10 hr,
and 9.8% if treated within 10-24 hr. The authors of this
paper gave several reasons why the results might be better
in the pediatric population, including sulfation playing
a more important role in acetaminophen metabolism be-
fore age 12, the possibility (untested) of age playing a role
in the elaboration of the toxic NAPQI, the capacity for
glutathione regeneration possibly being greater in chil-
dren, and the prevalence of ETOH likely being lower in
the pediatric population. The mean age of patients in this
study was 15.6 £ 3.2, as compared with 21.3 £ 9.3 in the
48-hr intravenous protocol study by Smilkstein & af. pre-
viously described [10].

The US Food and Drug Administration approved an intra-
venous formulation of NAC in early 2004 (Acetadote ®,
Cumberland Pharmaceuticals, Nashville, Tennesses, USA)
using the 20-hr, continuous-infusion protocol. In regard
to adult intravenous dosing, the loading dose is 150 mglkg
in 200 ml of D3 for 15 min, followed by 50 mg/kg in
500 ml of D5 for 4 hr, and 100 mg/kg in 1000 ml of D3
for 16 hr [12].

In regard to pediatric intravenous dosing, it has been
shown [13] that standard intravenous dosing can cause
hyponatremia and secondary seizures becavse of the free
water load (see later section on adverse events). There-
fore, the convention is to dilute 20% NAC to a final con-
centration of 40 mgfml. See Table 1 for a depiction of the
usual pediatric dosing schedule. The final milligrams per
kilogram dosing (150 mg/kg loading dose, 50 mglkg for
4 hr, and 100 mg/kg for 16 hr) is the same; the free water
is less than in the adult schedule.

One suggested practice guideline is outlined below (E. L.
Liebelr, 2004, personal communication).

(1} Draw an acetaminophen level and plot on the
Rumack-Matthew nomogram.

(2) If the level (according to time since ingestion) falls
above the "possible hepatotoxicity' line, begin therapy.

(3} Draw aspartate aminotransferasefalanine aminotrans-
ferase, prothrombin time/international normalized ratio,
clectrolytes, blood urea nitrogen/creatinine, and CBC.

(4) At the end of infusion, redraw the prothrombin time/
international normalized ratio, aspartate aminotrans-
ferasefalanine aminotransferase, blood urea nitrogen/
creatinine. If any laboratory studies are abnormal, con-
tinue the infusion, In the setting of liver dysfunction,
continue until liver function improves.

We are only beginning our American experience on the
widespread use of this protocol, although for years the
off-label use of intravenous N-aceryleysteine has been
used at the discretion of US clinicians, The potential
for a shorter hospital stay using the intravenous protocol
has the promise of reducing the overall treatment costs,
but the comparison of actual costs berween the treatment
types has yet to be formally compared. Some indications of
when intravenous N-acetyleysteine might be preferable
are in cases of refractory vomiting, despite use of anrtie-
metics; bowel obstruction; or other cause of a surgical ab-
domen in which the gastrointestinal tract should not be
used, gastrointestinal bleeding, and in cases of nconatal
acetaminophen toxicity.

Adverse events after N-acetylcysteine
administration

Refractory nausea and vomiting have long been described
after aceraminophen ingestion. The exacerbation of these




Table 1. Pediatric intravenous dosing

Loading infusion (15 min)-150 mg/kg

——— MNAC Diluent volume Final

Kg Ib 20% (mL) DEW (ml) volume (mL)

ao €6 225 80 112.5

25 65 18.76 78 83.75

20 44 15 60 7B

15 33 11.26 45 56,26

10 22 7.5 ao 37.5
Second infusion (4 HR)-50 mo/kg

Body welght

Y mc Diluent volume ~ Final

Ka Ik 0% (ml) DBW (mL) volume (mL)

30 86 75 30 375

25 B5 6.25 25 31.25

20 44 5 20 25

15 33 375 16 18.75

10 22 5 10 125
Third infusion (16 HR}=100 ma/kg

Body waight )

e —— MAC Diluent volume Final

Kg I 20% (mi) DEW (mL) volume (mL)

ao 66 15 60 75

25 55 12.5 50 625

20 44 10 40 50

15 a3 7.5 ao a7rs

10 22 5 20 25

Mix 50 mL of Acetadote® (20% solution, 30 mL each vial) with 200 mL
of DEW (remove 50 mL from a 250 mL bag of D5W) to obtain
40 mg/mi concentration, Loading dose=150 mafkg infused over 15 min-
utes-Infuse 3,76 mL/kg over 15 minutes, Second infusion—50 mafkg
infused over 4 hours-Infuse 1.25 mL'kg over 4 hours (0.21 mL/kg/he),
Third infusion=100 mg/kg infused over 16 hours=Infuse 2.5 mLikg over
16 hows (0.16 mL/kg/hr), from [13].

symptoms has often been attributed to the foul, rotten-
ege odor and taste of the oral NAC antidote. Many have
suggested that this is an indication to administer NAC
via the intravenous roure, In addition, because of the par-
tial binding of NAC by activated charcoal and thus its de-
creased bioavailability, others have promulgated this as
another reason to use the intravenous route. However,
the need or requirement to resort to intravenous dosing
in these or other situations has remained equivocal.

Before a sterile, pyrogen-free intravenous NAC product
was available in the United States, oral NAC (adminis-
tered intravenously) was used in many study protocols
[14*,15]. Most of the adverse events associated with intra-
venous NAC use have been anaphylactoid in nature, in-
cluding rash, pruritus, wheeze, throat tightening, and
sometimes hypotension [10,11,15]. Of note, there have
not been reports of anaphylacroid reactions to oral NAC
administration. These adverse reactions were almost al-
ways seen with the loading dose, and were assumed to
be dose-related and infusion-rate related, histamine de-
pendent, but not IgE mediated as in true anaphylaxis.
In most cases, antihistamine therapy has been effective,
and the transient reactions did not prelude the comple-
tion of the NAC courses. Appelboam e @/ [16] reported
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a fatal anaphylactoid reaction to intravenous NAC in an
asthmatic patient, suggesting that preexisting asthma be
an indication to usc special caution in the use of intrave-
nous NAC.

Kao er al. [14%], in a retrospective study of the use of onal
NAC for intravenous administration in acetaminophen
toxicity, sought to analyze the adverse events associated
with its use, using the European standard of 300 mg/kg
MNAC during 20 hr. The infusion was stopped when the
transaminases were less than 1000 1U/ and the patient
was clinically improving. The loading dose of 150 mg/kg
was infused during 1 hr, instead of the previously de-
scribed 15-min loading dose infusion time |3]. Adverse
events were defined as any cutancous, systemic (such
as wheeze, transient hypotension), or life-threatening (re-
spiratory or cardiac arrest, or hypotension requiring inter-
vention) reaction. OFf the 10 deaths in the study
population, none occurred during the NAC loading dosc
or were tied to the use of NAC by the intravenous route.
The study showed a 3.7% (7/187) rate of adverse cvents.
Of the scven adverse events, six were cutancous and
responded rapidly to antihistamines, and the one life-
threatening event (apnea and junctional bradycardia)
was not clearly linked to the use of intravenous NAC, This
study offered support to the common suggestion to in-
crease the infusion time for the intravenous loading dose
to 1 hr

Bailey and McGuigan [17] did a review of acetaminophcn
toxicity charts in an attempt to analyze the treatment of
NAC-induced anaphylactoid reactions and to develop
treatment guidelines addressing whether or not to contin-
ve the therapy that was clearly indicated and necded.
They saw a 23% reaction rate in the 20-hr intravenous pro-
tocol, 20% rate in the 48-hr intravenous protocol, and no
reactions in the 72-hr oral protocol. Treatment guidelines
were developed and then applied prospectively in the set-
ting of NAC weatment for acetaminophen ingestion. The
treatment paradigm ranged from no intervention for sim-
ple flushing, to attendance to ABCs, intravenous diphen-
hydramine, oral cimetidine and ephedrine in the cases of
respiratory symptoms or hypotension. Even in these cases,
NAC was restarted in 1 hr if no symptoms recurred, In
summary, the guidelines were successfully applied, with
no poor outcomes. This study had a limitation of a small
number of subjects; 33 were treated according to the
guidelines prospectively. Another limitation of this study
was that no life-threatening reactions occurred. Interven-
tions and techniques of slowing the infusion rate, and so
on, therefore, could not be evaluated on these subjects.

Lynch and Robertson [18] conducted a prospective, case-
controlled study to investigate the predictive factors of
developing an anaphylactoid reaction to intravenous
NAC. Of the 64 patients who reccived the infusion,
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48.4% developed an anaphylactoid reaction, and 71% of
these were in the first 15 min of infusion, They note that
this incidence of reaction is much higher than in previous
studies. There findings sugpested that patients were more
likely to react to intravenous NAC if they had low APAP
levels, zero levels, were classified as high risk, or pre-
sented late (=8 hr after ingestion). The authors conclud-
ed that it might minimize reactions if rearment was
delayed until the APAP level was known in early pre-
senters (<8 hr), and if the loading dose was given during
60 instead of 15 min.

A case report by Bonfiglio e @/, [19] described a 20-year-
old woman with a polyingestion {including 16 g of acet-
aminophen), presenting art least 16 hr afterward. Immedi-
ately after the 150 mg/kg loading dose, she experienced
chest pain, dyspnea, tachycardia, ST depression, and
T-wave inversion in electrocardiogram leads V2-V5 (the
events of which have not been described for her co-ingest-
ants), Nitroglycerin and antacid gave no relief, but she was
relieved within 2 min of antihistamine administration,
The electrocardiogram abnormalities were persistent,
and deemed to likely predate the ingestion, but she ¢lin-
ically returned to normal.

Another case study done in Canada by Sunger o/, [13] de-
scribed a J-year-old girl who, 9 hr into intravenous NAC
therapy, had ronic=clonic seizure activity and a serum so-
dium level of 118 mmol/L. (documented at 141 mmol/L.
prior to initiation of treatment). It was theorized that
an excess of frec water delivery associated with the treat-
ment protocol was to blame, causing an exaggerared dilu-
tional response because the patient was a small child. The
authors suggested an alternate dilution method for the in-
travenous NAC, which decreased unnecessary free water
delivery to small patients.

In 1994, Mohammed [20] reported a casc of serum sick-
ness in a man given oral NAC ar an unclear dose (unknown
milligrams per kilogram), every 6 hr; the protocol used
was unclear. His reactions started 60 hr after NAC expo-
sure, and included fever, rash, arthralgia, adenopathy, ab-
dominal pain, and a decrease in platelet count. In addition
to stopping the NAC, he was given methylprednisolone
and diphenhydramine, and was significantly better within
12 hr.

Conclusion

We are ar a stace of maximal knowledge of the mechanisms
of and trearment for acetaminophen toxicity, and in the
United States we now have the ability to make a choice
between the use of oral versus intravenous NAC formula-
tions. However, the responsibility belongs to the practi-
tioner to weigh the varables in this decision, taking
into account the relative nsk of hepatotoxicity given the
magnitude of the ingestion, as well as other factors.

Patient characteristics, such as age, preexisting morbidity,
other medication exposure, nutritional state, atopic ten-
dency, and even genetic factors may culminate in a milieu
that will swing the balance toward increased aceramino-
phen-induced toxicity or toward increased iatrogenic mor-
bidity from its treatment.

The oral NAC regimen has been used for more than 20
vears in the United States, and has been shown to be as
effective as the intravenous protocols, especially in early
rreatment. Many have toured that the intravenous form
is indicated if there is intractable vomiting, but we still
do not know wherther this is a valid argument. Antiemetics
have been used extensively in this setting, and the use of
a transpyloric feeding rube to support enteral NAC admin-
istration may have a role in this serting. As for the negative
cffect on NAC bisavailability from adsorption by activated
charcoal, the argument for this is also weak. Efficacy of the
oral protocol has not been shown to be decreased, despite
the decrease in NAC bioavailabiliry.

The intravenous formulation is much more expensive, but
the oral regimen raises healtheare costs in this setting be-
cause hospital stays potentially may be much longer. The
oral regimen has fewer side effects, bur the vast majority
of the side effects 1o intravenous NAC area easily treated
and do not preclude finishing of the course.

Clinicians need to assess their risk tolerance in this setring,
and make decisions on a case-by-case basis. Hopefully
study in this area will continue, and casc-controlled studies
hetween the available treatments, with special attention to
differing patient characteristics, will be forthcoming.

As a final note, this paper has not addressed the concept
that late NAC treatment, by microcirculatory, antioxidant,
or other effects, may have a restorative effect on acetamin-
ophen-induced hepatotoxicity, and certainly more work is
needed to address this possibility.
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