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Abstract Acetaminophen (APAP) overdose is the most
common pharmaceutical poisoning. The objective of this
study was to examine the management of patients admitted
for treatment of APAP overdose. Factors impacting hospital
length of stay (LOS) were of particular interest. This was a
retrospective cohort study of patients admitted to Kaiser
Permanente Northern California hospitals for APAP over-
dose from July 2003 through December 2007. Medical
records were abstracted for patient demographic data, key
factors of overdose, California Poison Control System
(CPCS) contact, data regarding hospital course, transfer
for liver transplantation, and death. Four hundred thirty-five
patients were included. The mean hospital LOS was 66.5 h
(95% CI 62.1, 71.0). Four patients (0.9%) died. Eight
patients (1.8%) were transferred for liver transplantation,
but all of these patients later recovered without transplant.
Of 289 cases eligible for placement on the Rumack–
Matthew nomogram (acute ingestion with known time of
ingestion <24 h and normal liver enzymes), 161 (55.7%)
had APAP levels above the “200” line and 77 (26.6%) fell
below the “150” line. CPCS was contacted in 295 cases
(67.8%). Mean LOS in cases with CPCS consultation was
61.9 h (95% CI 57.2, 66.5 h) versus 76.3 h (95% CI 66.6,
86.0 h) in those without. LOS in cases treated with IV NAC

was 67.1 h (95% CI 57.7, 76.5 h) versus 66.4 h (95% CI
61.2, 71.5 h) in cases treated with oral NAC. Many patients
admitted for APAP overdose had serum APAP levels below
the minimum toxicity level. Use of IV NAC did not impact
hospital LOS. CPCS consultation appeared to decrease
mean hospital LOS.
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Introduction

Acetaminophen (APAP) overdose is the most common
pharmaceutical poisoning reported to poison control centers
and remains the number one cause of medication overdose
mortality [1]. Unfortunately, little is known about the
clinical management of APAP poisoning cases by commu-
nity physicians. No studies examining the management of
APAP overdose outside of academic medical centers or
poison control centers currently exist.

Patients presenting with acute APAP overdose are risk
stratified based on the Rumack–Matthew nomogram. The
traditional treatment protocol for APAP poisoning in the
USA consists of a 72-h course of oral N-acetylcysteine
(NAC) [2–4]. More recently experts have recommended
patient-tailored approaches to oral NAC treatment [5–12].
These protocols seek to truncate NAC therapy for patients
showing evidence of recovery. Though definitive research
evidence to “prove” efficacy of these protocols is lacking,
many medical toxicologists have adopted these strategies
based on anecdotal experiences. Most protocols depend on
an undetectable serum APAP level and normal (or resolving)
liver enzymes as clearance criteria. A shortened-course of
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oral NAC for selected cases of APAP poisoning has been
recommended by practitioners from the California Poison
Control System (CPCS) since before 2000 [5, 6], though no
routine policy is in place.

In 2004, the US FDA approved an intravenous NAC
preparation (Acetadote) giving practitioners another viable
treatment option. The Acetadote package insert recom-
mends a 21-h course of therapy [13]; however, this protocol
may not be appropriate for all patients with APAP
poisoning. Considerable controversy still exists within the
toxicology community regarding the proper endpoints for
NAC therapy regardless of the route used [14]. Treatment
of patients with chronic or repeated APAP overdose present
an even more complicated management problem.

This retrospective study was designed to examine the
clinical management of admitted APAP poisoning patients
by physicians in a community hospital setting. The aim was
to describe the hospital course of patients admitted to our
large, community hospital system for treatment of APAP
overdose with particular focus on factors influencing
hospital length of stay (LOS). It was hypothesized that
LOS would be decreased by early activated charcoal (AC)
use, CPCS consultation, early NAC use, and use of
intravenous NAC. It was also hypothesized that hospital
LOS would be markedly (>24 h) longer than the times of
earliest laboratory evidence of clearance (the endpoint of
most patient-tailored treatment algorithms).

Methods

This was a retrospective cohort study of all patients
admitted for treatment of APAP poisoning to any hospital
within our large, community-based hospital system. Kaiser
Permanente Northern California (KPNC) records were
searched for cases of APAP overdose admitted for antidotal
therapy from July 2003 through December 2007. KPNC
electronic hospital records were searched for hospital
diagnoses of “acetaminophen overdose”, “drug overdose”,
or “analgesic overdose” by ICD-9 codes (500911, 501231,
501623, 965.4, 965.4A, 977.9E, 977.9D, E850.4, E850.4A,
E935.4, E935.4A, E950.0, E950.0A, 965.9, 965.8). Pharmacy
records were then searched for patients receiving NAC
therapy. Records of patients admitted for “overdose” and
receiving NAC antidotal therapy were reviewed for possible
study inclusion. The Kaiser Foundation Research Institute
investigational review board approved this study.

Study Setting

KPNC is a large, integrated healthcare delivery system
consisting of 21 medical centers throughout Northern
California. These healthcare facilities provide comprehen-

sive medical care for over 3.5 million patient members.
Although three KPNC facilities have University-affiliated
residency programs, these are not considered major
academic centers. It is the author’s belief that the practice
patterns of KPNC physicians mirror those of other
community physicians (at non-academic medical centers).

No bedside toxicology consulting service existed within
KPNC during the study period. Physicians within KPNC
do, however, have phone access to the CPCS. The CPCS is
a statewide telephone advice line providing poison and
drug overdose information to healthcare providers and the
lay public. Treatment decisions were ultimately at the
discretion of the admitting physicians who were internal
medicine physicians or pediatricians. No standardized
treatment guidelines for acetaminophen overdose existed
during the study period.

Commercially available intravenous N-acetylcysteine
(Acetadote) has been on formulary at KPNC since 2005.
Since its inclusion, this is the product available for use
when IV NAC is ordered. Since the vast majority of our
facilities do not have compounding pharmacies, extempo-
raneously prepared intravenous mucomyst is no longer
available.

Inclusion/Exclusion Criteria

Any patient with hospital admission for APAP poisoning
was eligible for study inclusion. Children as well as adults
were included. Exclusion criteria were: primary diagnosis
other than APAP poisoning (not including liver failure
secondary to APAP overdose), any “significant” co-
ingested drug or medication, transfers into the KPNC
system where NAC therapy was initiated prior to arrival,
or cases where hospital records were not available.
Significant co-ingestion was defined as any co-ingestant
overdose that caused alteration of mental status such that
the patient could not give history in the emergency
department (unless AMS was felt due to APAP-induced
liver toxicity) or that required additional, specific antidotal
therapy (e.g., naloxone, etc.). No attempt was made to
analyze cases of APAP overdose that were evaluated and
released from the emergency department.

Data Collection

KPNC uses an extensive computerized medical record
system throughout its hospitals, pharmacies, and laborato-
ries. These computerized medical records were queried to
extract patient demographic data, emergency department
and hospital times, activated charcoal administration, NAC
antidote formulations, and pertinent laboratory results.
Medical records for all cases meeting inclusion criteria
were reviewed by a single reviewer (SRO) to determine the
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reported time of APAP ingestion, any co-ingested medi-
cations, timing of ingestion (acute vs. chronic), type of
ingestion (intentional vs. accidental), presence of known
pre-existing liver or renal disease, times of psychiatry
consultation, notation of poison control center call, transfer
for liver transplantation, and death. When multiple entries
for time of ingestion occurred, the time recorded in the
admitting physician’s note was entered for study purposes.
No attempt was made to determine APAP dosage, thera-
peutic medications lists, or NAC stop times. Unfortunately,
NAC stop times were unreliably recorded in the medical
records. Cases of acute overdose receiving APAP levels
between 4 and 24 h of ingestion were evaluated for
Rumack–Matthew nomogram placement using formulas
derived by Rumack and White [15]. Cases presenting with
liver enzyme elevation (AST>60 IU/L, ALT>60 IU/L)
and/or INR elevation (>1.3) were not considered eligible
for Rumack–Matthew nomogram placement. All data were
entered into a standardized data collection instrument.

CPCS computerized records were also queried for cases
of APAP overdose originating from any Kaiser Permanente
Northern California healthcare facility. Patient names on
this list were compared with the study patient list to
determine whether the CPCS had been contacted for
information regarding the case. Cases where no call was
found within the CPCS records but notation was made of a
discussion with a poison control center, were considered to
have been managed in consultation with the CPCS.

The KPNC mortality database was reviewed to capture
possible cases of APAP overdose resulting in death not
captured during the initial review. This database tracks
mortality data, including date of death, for Kaiser members
and is used primarily for research purposes.

In order to estimate potential times to completion of
NAC therapy using patient-tailored protocols [5, 6, 10], a
theoretical model for predicting when patients might have
been cleared from antidotal therapy was developed. The
“earliest laboratory evidence of clearance time” was defined
as the time when available labs demonstrated that the APAP
level was undetectable (less than 10 μg/mL) and the
patient’s liver transaminases were normal (AST<60 IU/L,
ALT<60 IU/L). In the event that liver enzymes were
elevated at any point during the hospitalization, lab
evidence of clearance was considered to have occurred
when the serum APAP level was undetectable (<10 μg/mL)
and liver enzymes were decreasing and less than
1,000 IU/L.

Data Analysis

All data were entered directly into a Microsoft Excel
spreadsheet developed a priori for study data entry.
Rumack–Matthew nomogram placement was determined

using formulas derived and published by White and
Rumack [15]. Statistical analysis was performed with
STATA statistical software (Stata Corp., Version 11.0,
College Station, TX). Data were described using simple,
descriptive statistics. 95% confidence intervals (CI) are
provided where appropriate. Comparison of means was
performed with Student’s t test. Relationships between
certain continuous variables were described using correla-
tion coefficients.

Results

Six hundred and nineteen cases of APAP overdose were
admitted to KPNC hospitals during the study period. In 25
cases (4.0%), no hospital chart was available for review.
Seventy-one cases (11.5%) were transfers from outside
hospitals and therefore excluded. Eighty-eight cases (14.2%)
were excluded due to significant co-ingestants. The study
dataset therefore consisted of 435 cases (70.3%). Description
of study cases is in Table 1. One hundred and thirteen patients
(26.0%) were admitted to intensive care units, 11 (2.5%) to
transitional (intermediate) care units, 308 (70.8%) to ward
beds, and three (0.69%) patients were admitted by the hospital
medicine service but never left the emergency department.

There were seven cases with pre-existing liver disease on
hospital admission. These consisted of 4 cases of hepatitis
C with mild liver enzymes elevations, two cases of
alcoholic hepatitis without liver enzyme elevation, and
one case of hepatitis B without liver enzyme elevation. All
seven of these cases received CPCS consultation. All seven
were treated with oral NAC. None died or were transferred
for liver transplantation.

There were two cases with known pre-existing renal
disease. One was a patient with documented renal insuffi-
ciency and creatinine of 1.6 mg/dL. The other was a patient
with renal failure and on hemodialysis. This patient
received CPCS consultation and received intravenous
NAC therapy. Both of these patients recovered and neither
were transferred for liver transplantation.

There were four deaths during the study period. (See
Table 2) eight patients were transferred out of our hospital
system for consideration of liver transplant. All eight
patients eventually recovered without transplantation.

One hundred and sixty-one patients (37%) received AC
in the ED. Fifty-five of these cases (34.2%) were associated
with co-ingestant ingestions. Time from ingestion to AC
administration (mean 5.8 h; 95% CI=4.9, 6.7) was mildly
correlated with hospital LOS (r=0.22; p=0.0057). Of
patients receiving AC, those treated within 4 h of ingestion
had a mean hospital LOS of 56.0 h (95% CI=50.1, 61.9)
versus 60.1 h (95% CI=53.1, 67.1) in those who were not.
(Difference in means=4.1 h; 95% CI=−4.9, 13.1)
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Two hundred and eighty patients (64.3%) had a
documented CPCS phone consultation. In 15 cases (3.5%)
no documentation of CPCS consultation was found, but a
discussion with poison control was documented in the
medical record. Therefore 295 patients (67.8%) were
managed with CPCS consultation by telephone. Patients

receiving CPCS consultation were similar to those who did
not in baseline characteristics (Table 3). There was one
death (0.3%; 95% CI=−0.3, 1.0) in the group of patients
receiving CPCS consultation versus three deaths (2.1%;
95% CI=−0.2, 4.5) in the group that did not. Mean hospital
LOS was significantly shorter among patients who received
CPCS consultation (difference in means=14.4 h; 95%
CI=5.0, 23.9 h).

There was a higher percentage of cases with serum
APAP levels falling below the “150” line of the Rumack–
Matthew nomogram in the group of patients who received
CPCS consultation (30.5% vs 18.5%). When those cases
with levels falling below the “150” line were removed from
the LOS analysis, CPCS consultation was still associated
with shorter hospital LOS (66.1 h versus 79.9 h; difference
in means=13.8 h; 95% CI=3.0, 24.7).

Time from ingestion to NAC administration was
correlated with hospital LOS (r=0.16; p=0.0033). Patients
receiving NAC within 8 h of ingestion had a mean
hospital LOS of 56.2 h (95% CI=51.5, 60.9) versus
66.8 h (95% CI=60.5, 73.1) for those who did not.
(Difference in means=10.6 h; 95% CI=2.6, 18.6)

One hundred and three patients (23.7%) were treated
with IV NAC and 325 (74.7%) treated with oral NAC
(Table 4). In seven cases (1.6%) the exact NAC formulation
could not be determined. We observed a steady increase in
IV NAC use throughout the study period with no cases in
2003 to 53 cases (49%) in 2007 (see Table 5). We found no
difference in hospital LOS for patients treated with IV NAC
(mean 67.1 h; 95% CI=57.65, 76.5) versus those treated
with oral NAC (mean, 66.4 h; 95% CI=61.2, 71.5)
(difference in means=0.7 h; 95% CI=−9.8, 11.3 h). All
four deaths occurred in the oral NAC group.

The mean ED LOS was 5.8 h (95% CI=5.4, 6.3 h). The
mean hospital LOS for all cases throughout the study
period was 66.5 h (95% CI=62.1, 71.0 h). Annual mean
hospital LOS is shown in Table 5. Mean time from
presentation to the earliest laboratory evidence of clearance
was 30.3 h (95% CI=27.8, 32.8 h). The mean time from
earliest laboratory evidence of clearance to discharge was
35.0 h (95% CI=31.8, 38.2 h).

Limitations

Our study is subject to the limitations inherent to chart
review data including recording bias. The most important
areas of concern are the actual product taken in overdose
and the exact time of ingestion. These data points are of
particular concern as they are collected from third party
information (patient to clinician to medical record) and
might directly affect our findings. We do, however, feel that
that the recorded times of ingestion are likely to accurately

Table 1 Characteristics of admitted cases of acetaminophen
poisoning

N=435

Mean Age in years (95% CI) 29.1 (27.6, 30.6)

Females (%) 319 (73.3)

Mean ED LOS in hours (95% CI) 5.84 (5.4, 6.3)

Mean lab clearance to discharge
in hours (95% CI)a

35.0 (31.5, 38.5)

Mean hospital LOS in hours (95% CI) 66.5 (62.1, 71.0)

Known TOI (%) 338 (77.7)

Mean TOI to presentation in hours (95% CI) 9.7 (8.0, 11.3)

Overdose type

Accidental (%) 68 (15.7)

Intentional (%) 359 (82.7)

Unknown (%) 7 (1.6)

Ingestion type

Acute (%) 363 (83.6)

Chronic (%) 58 (13.4)

Unknown (%) 13 (3.0)

Any Co-ingestants (%) 220 (50.7)

PCC consultation call (%) 295 (67.8)

Psychiatry consultation (%) 372 (85.5)

Mean TOI to NAC in hours (95% CI) 12.3 (10.6, 14.0)

IV NAC (%) 103 (24.1)

AC Given in ED (%) 161 (37.0)

Patients with liver enzyme elevation (%) 145 (33.3)

Significant liver enzyme elevation (%)b 63 (14.5)

Transfer for OLT/Received OLT (%) 8/0 (1.8/0)

Deaths (%) 4 (0.9)

Nomogram placementc

Above “200” line (%) 161 (55.7)

Between “150” and “200” lines (%) 51 (17.6)

Below “150” line (%) 77 (26.6)

Mean highest APAP level (95% CI) 106.9 (99.2, 114.7)

LOS length of stay, TOI time of ingestion, PCC poison control center,
NAC N-acetylcysteine, AC activated charcoal, OLT orthotopic liver
transplantation, APAP acetaminophen
a Earliest evidence of laboratory clearance time. Defined as time when
available labs show undetectable serum APAP level and normal/decreasing
liver enzymes (see “Methods” section)
b Significant liver enzyme elevation is defined as AST and/or
ALT >1,000 IU/L
c Of cases appropriate for Rumack–Matthews nomogram placement which
was defined as acute overdoses with serum APAP level drawn between 4
and 24 h and without liver enzymes elevation
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reflect clinician estimates used to make treatment decisions.
Data on reported dose of acetaminophen ingested was not
collected, as this information was inconsistently and
unreliably recorded in the medical record.

Administration of NAC was used as a search criterion to
identify eligible patients, therefore any cases of APAP
overdose that were managed without NAC therapy would
have been missed. As NAC is widely available and the
well-known antidote for APAP overdose, it is likely that
very few cases (if any) would be managed without ever
receiving NAC.

Decisions to obtain CPCS consultation were made by
treating clinicians. Therefore it is possible that cases where
CPCS consultation was sought could have been inherently
different. It is logical that consultation would be more likely
in cases that were complicated or higher acuity. Therefore,
observed differences in CPCS case outcomes should be
evaluated with this limitation in mind.

We made an attempt to estimate when patients might
have been cleared from NAC therapy based on patient-
tailored protocols by calculating the time of “earliest
laboratory evidence of clearance”. This was compared with
actual hospital LOS to estimate where efficiency improve-
ments might be made. Unfortunately this estimation is
dependent on laboratory tests ordered by clinicians at the
time of treatment. We had no control over the timing of
available lab draws. It is likely that more accurate estimates
could be possible were scheduled labs available.

Discussion

This study examined a large cohort of patients admitted to
KPNC hospitals for treatment of uncomplicated APAP
poisoning. This is the first study to describe the clinical
management of APAP overdose within a community (non-
academic) hospital system.

Death due to APAP overdose was rare, occurring in only
four patients (0.9%). This mortality rate is consistent with
previous studies of patients treated for APAP overdose [14, 16,
17]. Although several patients were transferred for possible
liver transplantation, no patients actually received transplant.

A large number of acute overdose patients (approxi-
mately 27%) were admitted for treatment despite serum
APAP levels below the “150” treatment line on the
Rumack–Matthew nomogram. While some cases may have
been properly treated due to historical nuances, many of
these likely represent patients who required neither NAC
nor hospital admission [3]. These patients were hospitalized
for an average of 2 days. While this study was not designed
to explore the reasons for admission in these cases, it is
unlikely that psychiatric evaluation was a significant factor
as this is not the usual practice in our facilities. Desire for
extra caution or a lack of familiarity with treatment
guidelines by clinicians may account for some of these
admissions. It is possible that improved toxicological
evaluation would decrease the number of hospital admis-
sion days in this cohort.

Table 2 Summary of deaths after admission for acetaminophen poisoning

Patient #1 Patient #2 Patient #3 Patient #4

Year 2005 2005 2004 2003

Age/Sex 66/F 79/F 82/F 37/M

APAP Preparation Vicodin Vicodin Vicodin Tylenol

OD type Unknown Acute Unknown/Chronic Chronic

TOI to presentation Unknown 29 h Unknown Unknown

TOI to NAC Unknown 29.33 h Unknown Unknown

NAC type used PO PO PO PO

Presentation APAP 303 84 18 <10

Presentation AST/ALT 1,661/926 2,761/1,239 268/136 7,973/8,858

Highest AST/ALT 2,981/1,754 2,761/1,239 2,109/1,388 7,973/8,858

Presentation to death 18.0 h 46.3 h 164.0 h 87.6 h

Comments Pt found down and
felt to have had ingested
Vicodin

Acute Vicodin ingestion No reported acute overdose.
Pt with history of chronic
Vicodin use

Taking APAP daily
for knee pain

Altered and hypotensive
with coffee grounds emesis

Presented late with
hepatic failure

Presented with RUQ pain,
diarrhea, and hepatic injury

Presented to ED with
abdominal pain and
chest pain

Made comfort care by family

PCC consult No Yes No No

TOI time of ingestion, PCC poison control center, NAC N-acetylcysteine, OD overdose, APAP acetaminophen
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Patients were hospitalized, on average, for nearly 3 days.
While this average LOS is somewhat shorter than would be
expected with the 72-h NAC treatment protocol previously
advocated, patients appear to stay in the hospital much longer
than would be predicted using patient-tailored NAC treatment
protocols. The average time from earliest laboratory evidence
of clearance to hospital discharge was 35 h. This calculation
was performed in an attempt to measure the potential impact
of routine use of patient-tailored NAC treatment protocols. [5,
6, 10] The maximum potential impact in this cohort was 157
hospital admission days per year (Total earliest laboratory
clearance to DC hours/24 h/3.5 years). While it is clear that
patients could never be discharged immediately upon labora-
tory clearance, this represents an area where meaningful
efficiency improvements could bemade in the management of
APAP overdose patients.

Little literature exists examining the effects of poison
control center telephone contact and/or medical toxicology

consultation on the hospital course of overdose patients.
Current data suggests that availability of poison control
center telephone consultation decreases healthcare resource
utilization mostly by decreasing ED presentations and
hospital admissions after toxicological exposures [18–20].
Studies evaluating the impact of poison control center contact
on hospital LOS, however, are mixed. Data from a statewide
database of hospital admissions demonstrated a 3-day shorter
hospital LOS for overdose patients who received poison
center consultations versus those who did not [21]. Another,
recent study comparing poison center call volumes and
hospital LOS was unable to identify any such correlation
[22]. Two past studies examine the effects of hospital
medical toxicology services on resource utilization. Both
involved evaluation of toxicology patients admitted before
and after availability of toxicology consultation services.
One study found a significant decrease in hospital LOS
among patients receiving consultation [23]. The other study

Table 3 Cases with and without PCC consultation

PCC consult No PCC consult Difference in mean or prevalence

N (%) 295 (67.8) 140 (32.2) 35.6

Mean age (95% CI) 29.2 (27.4, 31.1) 28.8 (26.2, 31.5) 0.4 (−2.9, 3.7)
Females (%) 215 (72.9) 104 (74.3) 1.4

Mean LOS in hours (95% CI) 61.9 (57.2, 66.5) 76.3 (66.6, 86.0) 14.4 (5.0, 23.9)

Mean ED LOS in hours (95% CI) 6.1 (5.5, 6.7) 5.3 (4.8, 5.9) 0.8 (−0.2, 1.7)
Mean lab clearance to discharge in hours (95% CI) 33.1 (29.3, 36.9) 39.4 (31.9, 47.0) 6.3 (−1.2, 13.9)
Mean TOI to presentation in hours (95% CI) 10.0 (8.2, 11.9) 8.9 (6.9, 10.8) 1.2 (−2.4, 4.7)
Ingestion type

Accidental (%) 46 (15.7) 22 (15.7) 0

Intentional (%) 245 (83.3) 114 (81.4) 1.9

Unknown (%) 3 (1.0) 4 (2.9) 1.9

Co-ingestants (%) 155 (52.7) 65 (46.4) 6.3

Mean TOI to NAC (95% CI) 12.6 (10.4, 14.9) 11.5 (9.2, 13.9) 1.1 (−2.6, 4.8)
IV NAC (%) 74 (25.1) 29 (21.2) 3.9

SDAC in ED (%) 139 (32.0) 70 (16.1) 15.9

Patients with liver enzyme elevation (%) 94 (31.9) 51 (36.4) 4.5

Significant liver enzyme elevation (%)a 39 (13.2) 24 (17.1) 3.9

Patients with highest recorded INR>1.3 (%)b 45 (17.0) 32 (25.6) 8.6

Transfer for OLT/Received OLT (%) 3/0 (1.0) 5/0 (3.6) 2.6

Deaths (%) 1 (0.3) 3 (2.1) 1.8

Nomogram placementc

Above “200” line (%) 105 (53.3) 56 (60.9) 7.6

Between “150” and “200” lines (%) 32 (16.2) 19 (20.7) 4.5

Below “150” line (%) 60 (30.5) 17 (18.5) 12.0

Mean highest APAP level (95% CI) 101.0 (91.7, 110.4) 119.0 (105.0, 133.0) 18.0 (1.38, 34.5)

LOS length of stay, TOI time of ingestion, PCC poison control center, NAC N-acetylcysteine, AC activated charcoal, OLT orthotopic liver
transplantation
a Significant liver enzyme elevation is defined as AST and/or ALT >1,000 IU/L
b Of cases with recorded INR
c Of cases appropriate for Rumack–Matthews nomogram placement
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examined the management of TCA overdose and did not
find any difference in LOS [24]. This study did, however,
identify a decrease in general resource utilization. It should
be noted that none of these studies examined APAP
overdose admissions specifically (the most common cause
of medication overdose). Within our system clinical
toxicology consultation was not available during the study
period, but two thirds of patients were managed with CPCS
consultation by telephone. When compared with patients
managed without CPCS, these patients had a significantly
shorter hospital length of stay. Our findings support the
conclusion that toxicology consultation by CPCS does
impact hospital LOS.

There was a significant increase in the use of IV NAC
antidote during the study period. IVNACwas used in no cases
in 2003 then steadily increased to half of cases in 2007 (see
Table 5) This increase in parenteral antidote use corresponds
to US FDA approval of IV NAC (Acetadote®) in 2004, the
subsequent marketing that followed, and inclusion into the
KPNC formulary in 2005. Interestingly, this study did not

demonstrate a decrease in LOS for admitted APAP poisoning
patients despite this increase in IV NAC use.

All four deaths occurred in patients treated with oral
NAC and prior to 2006. Unfortunately these numbers are
too small to formulate any concrete conclusions. There
were no deaths in the IV NAC group. Rates of allergic
reactions related to IV NAC use were not collected.

It is generally accepted that both oral and IV NAC are
equally effective for the treatment of APAP overdose [4, 14,
25]. Though one recent study suggested that IV NAC may
slightly decrease the risk of hepatotoxicity in patients
starting treatment early [26], most toxicologists consider
either formulation to provide adequate hepatic protection.
Debate, however, exists over which formulation is prefer-
able from a resource utilization standpoint. While the FDA
approved IV NAC formulation (Acetadote®) is more
expensive, it is considered to be easier to use and better
tolerated by patients. Despite its higher price, some authors
have suggested that Acetadote® is actually more cost
effective than oral NAC [16, 26–29]. The basis for this

Table 4 Characteristics of cases given oral versus IV NAC antidote

IV NAC Oral NAC Difference in mean or prevalence

N (%) 103 (23.7) 325 (74.7) 51.0

Mean age (95% CIs) 25.2 (22.6, 27.8) 30.4 (28.6, 32.2) 5.2 (1.6, 8.8)

Females (%) 72 (69.9) 242 (74.5) 4.6

Any Co-ingestants (%) 50 (48.5) 168 (51.7) 3.2

Mean TOI to presentation in hours (95% CIs) 12.0 (8.3, 15.7) 9.0 (7.2, 10.8) 3.0 (−0.7, 6.8)
Patients with PCC consultation (%) 74 (71.8) 217 (66.8) 5.0

AC given in ED (%) 43 (41.8) 164 (50.5) 8.7

Mean TOI to NAC (95% CIs) 15.3 (11.2, 19.4) 11.3 (9.5, 13.1) 4.0 (0.1, 7.9)

Mean highest APAP level (95% CIs) 110.7 (93.2, 128.1) 104.5 (95.8, 113.1) 6.2 (−12.0, 24.4)
Patients with liver enzyme elevation (%) 40 (38.8) 102 (31.4) 7.4

Significant liver enzyme elevation (%)b 19 (18.4) 43 (13.2) 5.2

Patients with highest recorded INR>1.3 (%)c 27 (28.1) 49 (17.0) 11.1

Mean LOS in hours (95% CIs) 67.1 (57.7, 76.5) 66.4 (61.2, 71.5) 0.7 (−9.8, 11.3)
Deaths (%) 0 4 (1.2) 1.2

TOI time of ingestion, LOS length of stay, PCC poison control center, AC activated charcoal, NAC N-acetylcysteine, APAP acetaminophen
a Significant liver enzyme elevation is defined as AST and/or ALT >1,000 IU/L
b Of cases with recorded INR

Table 5 NAC formulation and hospital LOS by year

2003** (n=41) 2004 (n=102) 2005 (n=88) 2006 (n=96) 2007 (n=108) Total (n=435)

Oral NAC (%) 41 (100) 96 (94.1) 73 (83.0) 61 (63.5) 54 (50.0) 325 (74.7)

IV NAC (%) 0 5 (4.9) 14 (15.9) 31 (32.3) 53 (49.1) 103 (23.7)

PCC consultation (%) 32 (78.0) 65 (63.7) 54 (61.4) 67 (69.8) 77 (71.3) 295 (67.8)

Mean LOS in hours (95% CIs) 59.4 (56.9, 61.9) 71.1 (66.1, 76.1) 62.3 (57.7, 66.9) 64.7 (60.4, 69.0) 70.0 (65.5, 74.5) 66.5 (62.1, 71.0)

Deaths 1 1 2 0 0 4

NAC N-acetylcysteine, PCC poison control center, LOS length of stay
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assertion is Acetadote’s 20-h treatment regimen and a
presumed decrease in hospitalization time. Our data did not
support the conclusion that IV NAC use decreases
hospital LOS. While strict adherence to recommended
IV 21-h protocols might have changed this result, it is not
clear that Acetadote® dosing, as outlined in the package
insert, is appropriate in all cases of APAP poisoning. This
study cannot explain why IV NAC had no effect on hospital
LOS but possible reasons include the use of longer courses
of IV NAC, a desire to observe patients after completion of
the course of therapy, and/or disposition issues that delayed
discharge (e.g., psychiatric consultation and/or placement).

Areas for future research might include the evaluation of
hospital management after institution of routine APAP
overdose management protocols within community hospital
systems and/or evaluation of patient care before and after
availability of a clinical toxicology consultation service.

Conclusions

In this cohort of patients admitted for treatment of APAP
overdose, patients appeared to be managed safely. A large
percentage of acute overdose patients were admitted with
APAP levels falling below the Rumack–Matthew treatment
line, perhaps unnecessarily. The time from lab evidence of
clearance to hospital discharge may represent an area that
could be improved in managing these patients. Hospital
LOS was significantly shorter in patients who received
CPCS telephone consultation. There was no decrease in
LOS associated with IV NAC use.
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