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ABSTRACT. Background. Recently ibuprofen has
been introduced as a nonprescription analgesic/antipy-
retic for use in children.

Objective. To compare the incidence of serious ad-
verse clinical events among children <2 years old given
ibuprofen and acetaminophen to control fever.

Study Design. A practitioner-based, randomized clin-
ical trial. A total of 27 065 febrile children were random-
ized to receive acetaminophen (12 mg/kg), ibuprofen (5
mg/kg), or ibuprofen (10 mg/kg). Rates of hospitalization
for acute gastrointestinal bleeding, acute renal failure,
anaphylaxis, Reye’s syndrome, asthma, bronchiolitis,
and vomiting/gastritis were compared by randomization
group.

Results. The risk of hospitalization with any diagno-
sis in the 4 weeks after enrollment was 1.4% (95% confi-
dence interval, 1.3%-1.6%) and did not vary by antipy-
retic assignment. No children were hospitalized for acute
renal failure, anaphylaxis, or Reye’s syndrome. Three
children were hospitalized with gastrointestinal bleed-
ing; all 3 had been assigned to treatment with ibuprofen.
The risk of hospitalization with gastrointestinal bleeding
among children randomized to ibuprofen was 17 per
100 000 (95% confidence interval, 3.5-49 per 100 000) but
was not significantly greater than the risk among chil-
dren given acetaminophen. The risk of hospitalization
with asthma, bronchiolitis, or vomiting/gastritis did not
differ by antipyretic assignment.

Conclusions. The risk of serious adverse clinical
events among children <2 years old receiving short-term
treatment with either acetaminophen or ibuprofen sus-
pension was small and did not vary by choice of medi-
cation. These data do not provide any information on the
safety of these medications when used for prolonged
periods or when used together, regardless of duration.
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ecently ibuprofen has been introduced in non-

prescription form for use as an analgesic/an-

tipyretic in children. Serious adverse clinical
events (eg, gastrointestinal bleeding, renal failure,
and anaphylaxis) have been associated with use of
ibuprofen and other nonsteroidal antiinflammatory
drugs in adults. Such ibuprofen-associated events
are rare in children <12 years old.'® However, there
is little in the literature concerning the risks of seri-
ous events in children <2 years old, among whom
there is concern that ibuprofen may be associated
with unacceptable risks. We sought to expand our
knowledge in this area by describing the risk of
serious adverse clinical events after antipyretic use
among children <2 years old using data collected as
part of the Boston University Fever Study. This arti-
cle expands on our previous reports by presenting
age-specific information on the risks of serious ad-
verse clinical events among children <24 months,
including a substantial number of children <6
months.

METHODS

The study design and methods have been described!* and are
only briefly summarized here. The study was a practitioner-based,
double-blind, clinical trial designed to assess the safety of ibupro-
fen suspension when used to treat fever in children. Patients
between 6 months and 12 years old with a febrile illness were
randomly assigned to receive suspensions of either acetamino-
phen (12 mg/kg) or ibuprofen in 1 of 2 doses (5 or 10 mg/kg) and
were followed for 4 weeks. Children were eligible if, in the opinion
of the attending physician, their illness warranted treatment with
an antipyretic; duration and height of fever were not criteria for
participation. Written informed consent was obtained from each
child’s parent/guardian before randomization. Follow-up data,
including information on hospital admissions, were collected by
mailed questionnaire. Participants not returning the questionnaire
were scheduled for a telephone interview; for families who could
not be contacted by telephone vital status of the participant and
hospitalization data were obtained from the enrolling physician-
investigator.

Medical records were reviewed for all hospitalizations that
occurred during follow-up, and discharge diagnoses were re-
corded. When available, admission blood urea nitrogen and cre-
atinine levels (or the first value of each reported within 24 hours
of admission) were abstracted from the record blindly with respect
to antipyretic assignment. Note: None of the study participants
were hospitalized with a diagnosis of acute renal failure. Pa-
tients who did not have a creatinine level obtained within 24 hours
of admission were excluded from the analysis of renal impair-
ment.

We compared the proportion of children hospitalized for any
reason and for specific diagnoses according to antipyretic assign-
ment. The specific diagnoses considered in this report include
acute gastrointestinal bleeding, acute renal failure, anaphylaxis,
Reye’s syndrome, asthma, bronchiolitis, and vomiting/gastritis.
To assess the risk of renal impairment less severe than complete
renal failure, we compared mean admission serum creatinine
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levels by antipyretic assignment among children who were hos-
pitalized. To assess potential drug-specific effects, we compared
children randomized to acetaminophen with those randomized to
ibuprofen. To simplify reporting and because there were no ma-
terial differences according to dose, we have combined all partic-
ipants randomized to ibuprofen into a single group, which is
approximately twice as large as the acetaminophen group.

Differences in proportions were assessed using the x? or Fish-
er’s exact test, as appropriate. These analyses were conducted
using StatXact: Statistical Software for Exact Nonparameteric Infer-
ence, Version 2 (Cytel, Cambridge, MA). Where the observed hos-
pitalization rate was zero, we also calculated the upper bound of
the 95% confidence interval [CI] for that rate.® Cls for relative risk
estimates were calculated using the Taylor Series variance approx-
imation.® Relative risks were not calculated when the number of
subjects in any cell was <5. The difference in mean admission
creatinine levels was assessed with the Student’s ¢ test and anal-
ysis of variance using the Statistical Package for the Social Sciences
(SPSS), Release 4 (SPSS, Chicago, IL).

RESULTS

From February 2, 1991 through June 12, 1993,
84 192 children <12 years old were enrolled in the
study by 1735 primary care practitioners. Of these,
follow-up data could not be obtained for 277 (0.3%),
leaving a total of 83915 children with analyzable
data. The present report is limited to the 27 065 chil-
dren <2 years old at the time of enrollment in the
study.

Descriptive characteristics of these 27 065 children
according to antipyretic assignment are shown in
Table 1. The median age of participants was 13
months (range, 1-23 months), median weight was 10
kg, 54% were male, and the majority were white.
Children in each of the 3 treatment groups were
similar with respect to all these characteristics.

Despite the stated eligibility criteria, 463 children
were reported to be <6 months of age when enrolled
in the study. Although ineligible for the study ac-
cording to the original protocol, this group is in-
cluded in the present analysis to maximize identifi-
cation of all potentially serious adverse clinical
events. Because age was not routinely verified for all
study participants, it may sometimes have been in-
correctly recorded (eg, a 15-month-old reported as 3
months old). To reduce potential errors in interpre-

TABLE 1. Demographic Characteristics of 27 065 Participants
Less Than 2 Years Old According to Treatment Group

tation, we included as children <6 months of age
only those whose reported weight was between the
5th and 95th sex-specific percentile for month of
reported age.” Among the 319 children meeting these
criteria, 199 (62%), 76 (24%), 27 (8%), and 17 (5%)
were 5, 4, 3, and <3 months of age, respectively. The
median weight of these children was 7.3 kg, 54%
were male, 74% white, 13% Hispanic, 7.9% black, and
112, 111, and 96 had been randomized to treatment
with acetaminophen, ibuprofen 5 mg/kg, and ibu-
profen 10 mg/kg, respectively. The demographic
characteristics of these children did not differ by
treatment group.

There were no apparent differences in cause of
fever at the time of enrollment according to treat-
ment groups (Table 1). Among children <6 months
of age, the most commonly reported cause was otitis
media (45%) followed by upper respiratory infection
(40%), pharyngitis (15%), lower respiratory infection
(7.4%), and gastrointestinal infection (2.2%); these
distributions did not vary by treatment group.

Overall, 3.9% of participants did not receive any of
the study medication. Among the 96% who did, a
median of 6 to 10 doses were received over a median
of 3 days. The proportion of children not receiving
any of the assigned medication, and for those who
did, the number of doses received and duration of
treatment were similar in the 3 treatment groups.
The median doses actually received among children
randomized to acetaminophen 12 mg/kg, ibuprofen
5 mg/kg, and ibuprofen 10 mg/kg were 12, 4.8, and
9.6 mg/kg, respectively. Study medication use
among children <6 months of age was similar to that
observed in the study overall (eg, 4.5% did not re-
ceive any of the study medication) and did not vary
by treatment assignment.

Three hundred eighty-five participants were ad-
mitted to a hospital for any reason in the 4 weeks
after enrollment in the study, for an absolute risk of
hospitalization of 1.4% (95% CI, 1.3-1.6%). The dis-
tribution of children hospitalized according to anti-
pyretic assignment (acetaminophen vs ibuprofen) is
shown in Table 2. Compared with children who were
randomized to acetaminophen, the relative risk of
hospitalization among children who were random-
ized to ibuprofen was 1.1 (95% CI, 0.9-1.3).

Among the 319 children <6 months of age, 2 were

Characteristic Treatment Group hospitalized. One, randomized to ibuprofen 5 mg/
Acetaminophen Ibuprofen Ibuprofen kg, was hospitalized with a viral infection; the other,
(12 mg/kg) (5 mg/kg) (10 mg/kg)

:l;otal. number . o127 19 8772 TABLE 2. Risk of Hospitalization for Any Reason Among
ge in months, median 14 13 13 Child Less Than 2 Y. Old A di Anti ic Assi
Weight (kg), median 10 10 10 ildren Less Than 2 Years ccording to Antipyretic Assign-

Sex, % male 54 54 55 ment
Race, % White 82 81 80 Antipyretic Total No. Absolute  Relative
% Black 7 7 7 No.  Hospitalized Risk Risk*
% Hispanic 7 7 8 (95% CI)  (95% CI)
Cause of fever
% Upper respiratory 43 43 43 Ibuprofen 17938 261 1.5% 1.1
infection (1.3-1.6%) (0.9-1.3)
% Otitis media 48 48 48 Acetaminophen 9127 124 1.4% 1.0t
% Pharyngitis 20 19 20 (1.1-1.6%) —
o Lower respiratory 7 6 6 * Risk of hospitalization among children randomized to ibuprofen
infection . . I .
o . . compared with the risk of hospitalization among children ran-
%o Gastrointestinal 3 3 3 : .
. . domized to acetaminophen.
infection
t Reference category.
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randomized to ibuprofen 10 mg/kg, was hospital-
ized with pneumonia. The absolute risk of hospital-
ization in this age group, regardless of antipyretic
assignment, was 0.63% (95% CI, 0.08-2.2%), which
was not significantly different from the risk among
children between 6 and 23 months of age (P = .8).
Among children <6 months of age, risk of hospital-
ization did not vary significantly by antipyretic as-
signment (P = .5).

No children were hospitalized for acute renal fail-
ure, anaphylaxis, or Reye’s syndrome. Three chil-
dren were hospitalized with evidence of gastrointes-
tinal bleeding; all 3 had been assigned to treatment
with ibuprofen. The bleeds were not severe and re-
solved with conservative management; none re-
quired transfusion or surgery. Two of the 3 children
had guaiac-positive coffee-ground emesis after a pro-
longed period of vomiting, and the remaining child
had a blood-streaked stool. The risk of hospitaliza-
tion with acute gastrointestinal bleeding among all
children <2 years old, regardless of antipyretic as-
signment, was 11 per 100000 (95% CI, 2.2-32 per
100 000). Among children randomized to ibuprofen,
the risk was 17 per 100000 (95% CI, 3.5-49 per
100 000). This risk did not vary significantly by ibu-
profen dose, nor was it significantly greater than the
corresponding risk among children randomized to
receive acetaminophen (0 per 9127; 95% CI, 0-33 per
100 000; P = .6).

Among children who had been randomized to
acetaminophen, the observed risks for hospitaliza-
tion with acute renal failure, anaphylaxis, or Reye’s
syndrome were each 0 per 9127 (95% CI, 0-33 per
100 000). The corresponding risks among those ran-
domized to treatment with ibuprofen were each 0
per 17938 (95% CI, 0-17 per 100 000).

Among children <6 months of age, none was hos-
pitalized for any of the primary study outcomes;
irrespective of antipyretic assignment, the observed
risk was 0 per 319 for each outcome (95% CI, 0%-—
0.94%). Among children randomized to acetamino-
phen, the risk was 0 per 112 (95% CI, 0%—2.7%) for
each outcome; the corresponding risks among chil-
dren randomized to ibuprofen were 0 per 207 (95%
CL 0%-1.5%). In this and the previous two compar-
isons, the difference in the upper bound of the 95%
ClIs is solely attributable to the difference in the size
of the study group.

We also examined the risk of hospitalization for
other conditions that might represent a particular
risk to young children treated with antipyretics. For
reasons of statistical stability, we considered only
those that occurred among at least 5 children. Hos-
pitalizations for asthma and vomiting/gastritis are of
particular interest, the latter because it may represent
the mild end of the spectrum of illness that includes
acute upper gastrointestinal bleeding. The distribu-
tion of children hospitalized with these diagnoses
according to antipyretic assignment is shown in Ta-
ble 3.

Because there may be diagnostic misclassification
between asthma and bronchiolitis among young chil-
dren, we combined both diagnoses in this analysis.
Sixty-five children were hospitalized with asthma/

http:/ /www.pediatrics.org/cgi/content/full /104 /4/e39

TABLE 3. Risk of Hospitalization With Selected Secondary
Diagnoses Among Participants Less Than 2 Years Old According
to Antipyretic Assignment

Diagnosis Antipyretic Assignment
Acetaminophen Ibuprofen
(n = 9127) (n = 17938)
Asthma/bronchiolitis
No. hospitalized 24 41
Absolute risk/100 000 260 230
(95% CI) (170-390) (160-310)
Relative risk* 1.0t 0.9
(95% CI) — (0.5-1.4)
Vomiting/gastritis
No. hospitalized 2 7
Absolute risk/100 000 22 39
(95% CI) (2.6-79) (16-80)

* Risk of hospitalization among children randomized to ibuprofen
relative to children randomized to acetaminophen.
t Reference category.

bronchiolitis, for a hospitalization rate of 240 per
100 000. Antipyretic assignment was not associated
with risk of hospitalization for asthma/bronchiolitis;
the relative risk for ibuprofen (compared with acet-
aminophen) was 0.9 (95% CI, 0.5-1.4). There was no
association between antipyretic assignment when ei-
ther diagnosis was analyzed separately (data not
shown).

Nine children were hospitalized with vomiting or
gastritis, for a rate of 33 per 100 000. This risk did not
vary significantly by antipyretic assignment (P = .7).
Among children <6 months of age, none was hospi-
talized with asthma, bronchiolitis, or vomiting/gas-
tritis. The upper bound of the 95% CI for the absolute
risk of hospitalization for each of these conditions is
2.7% among these younger children who were ran-
domized to acetaminophen and 1.5% among those
randomized to ibuprofen.

Of the 385 children who were hospitalized, admis-
sion creatinine levels were available for 112 (29%).
Among the 29 children randomized to acetamino-
phen, the mean creatinine level was 30 umol/L (0.34
mg/dL) (standard error of the mean, 2.2 umol/L
[0.025 mg/dL]), and none had a level greater than 62
pmol/L (0.7 mg/dL); among the 83 children ran-
domized to ibuprofen, the mean was 37 umol/L
(042 mg/dL) (standard error of the mean, 2.0
pmol/L [0.023 mg/dL]), and 5 (6%) had levels >62
pmol/L (0.7 mg/dL). The difference in mean creat-
inine levels (7 wmol/L [0.08 mg/dL]) was of border-
line statistical significance; the P value by the un-
paired Student’s t test was .03, while by analysis of
covariance taking into account, age (in months),
weight, sex, and an admission diagnosis of dehydra-
tion, the P value was .08. The creatinine level did not
increase with increasing ibuprofen dose. Among the
46 children randomized to the 5 mg/kg dose of
ibuprofen, the mean creatinine was 38 umol/L (0.43
mg/dL); the corresponding figure among the 37 ran-
domized to the 10 mg/kg dose was 35 umol/L (0.40
mg/dL). Compared with children randomized to
acetaminophen, the prevalence of creatinine levels
above 62 umol/L (0.7 mg/dL) was not significantly
greater among all children randomized to ibuprofen
(P = .32). When alternate cut points were used to
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define an elevated creatinine level (ie, 53 umol /L [0.6
mg/dL], 44 umol/L [0.5 mg/dL]), the proportions of
children with elevated levels increased accordingly
in both antipyretic groups, but there were no statis-
tically significant differences between groups.

We also examined admission creatinine levels ac-
cording to treatment group and age (<12 months vs
12-23 months). Among children 12 to 23 months of
age, mean creatinine levels were 33 umol/L (0.37
mg/dL), 39 umol/L (0.44 mg/dL), and 38 umol/L
(0.43 mg/dL) for children randomized to acetamin-
ophen, ibuprofen 5 mg/kg, and ibuprofen 10 mg/kg,
respectively. Among children <12 months of age, the
corresponding mean creatinine levels were 28
pmol/L (0.32 mg/dL), 38 umol/L (0.43 mg/dL), and
32 umol/L (0.36 mg/dL). The number of children <6
months of age who were hospitalized was too small
to permit analysis of renal function in this age group.

DISCUSSION

In this study, the risk of serious adverse clinical
events among children <2 years treated for a median
of 3 days with either acetaminophen or ibuprofen
was quite low. Overall, the risk of hospitalization for
any reason during the 4-week follow-up period was
1.4%, and the risk of hospitalization with acute gas-
trointestinal bleeding was 11 per 100 000. There were
no hospitalizations for acute renal failure, anaphy-
laxis, or Reye’s syndrome, and among children <6
months of age, none was hospitalized with acute
gastrointestinal bleeding. When antipyretic assign-
ment was considered, neither the risk of hospitaliza-
tion for any reason nor hospitalization with gastro-
intestinal ~ bleeding differed significantly by
treatment. Likewise, the risk of hospitalization for
secondary study outcomes such as asthma/bronchi-
olitis and vomiting/gastritis did not differ signifi-
cantly by antipyretic assignment. Among children
<6 months, the observed rate for each of the primary
study outcomes, overall, (0 per 319) is one measure
of safety of antipyretic use in this age group. How-
ever, because of the limited sample size, the 95% ClIs
for these rates are compatible with risks as high as 0.9
per 100 treated children.

Hospitalization rates for asthma are increasing and
have been documented to be highest among children
under 4 years old.** Among aspirin-sensitive chil-
dren and adults, ibuprofen and other nonsteroidal
antiinflammatory drugs have been reported to pre-
cipitate acute bronchospasm and exacerbate asth-
ma.'®"" Bronchiolitis is a condition of infancy, and
this diagnosis is often given to any respiratory illness
accompanied by wheezing in this age group. Our
observations suggest that among children <2 years
old with no known sensitivity to aspirin or other
nonsteroidal antiinflammatory drugs, the risk of hos-
pitalization with acute bronchospasm is small and
not significantly increased by the use of ibuprofen.

That the mean admission creatinine level among
hospitalized children <2 years old who were ran-
domized to receive ibuprofen was slightly greater
than the corresponding level among children ran-
domized to acetaminophen must be interpreted with
caution. From a clinical perspective, the difference
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was small (0.08 mg/dL) and likely to be transient.
Further, the association was of borderline statistical
significance, and because this posthoc analysis was
conducted in the setting of multiple comparisons, the
calculated P values likely underestimate the true
probability that chance could account for the ob-
served difference. Other considerations raise ques-
tions about biologic plausibility. First, there was no
evidence of a dose-response effect for ibuprofen;
compared with children randomized to the 5 mg/kg
dose, creatinine levels were not higher among chil-
dren randomized to the 10 mg/kg dose. Second,
there was no evidence of a consistent relationship
with age. In our previous report that included all
study participants with analyzable creatinine data,
regardless of age, there was no overall difference in
creatinine levels according to antipyretic assign-
ment.? In contrast, in this analysis of children <2
years old, creatinine levels among children treated
with ibuprofen were slightly higher than those
treated with acetaminophen. If ibuprofen had an
effect on renal function that was inversely related to
age (ie, greatest effect among the youngest children),
we would expect to see the highest creatinine levels
in children <1 year of age. However, such an effect
was not observed.

There are several limitations to these data. The
study was designed to assess the risk of serious
adverse events (ie, requiring hospitalization) and
does not provide data on minor clinical events (eg,
abdominal pain or nausea not requiring hospitaliza-
tion). The duration of antipyretic treatment in this
study was short (median, 3 days), and the study
provides no information on the safety of these drugs
when used for longer periods or on a chronic basis.
Likewise, these children were randomly assigned to
treatment with either acetaminophen or ibuprofen
but not both; these data provide no information on
the safety or effectiveness of alternating doses of
acetaminophen and ibuprofen or any other pattern of
combined use. Neither do these results apply to chil-
dren ineligible for the study (eg, children with a
known sensitivity to aspirin or other nonsteroidal
antiinflammatory drugs, any form of chronic renal
disease, blood coagulation defect, anemia secondary
to blood loss, or hepatic, metabolic, endocrine, neo-
plastic, or peptic ulcer disease). Although these data
represent the largest controlled study of antipyretic
use among children <6 months of age and are gen-
erally reassuring, our power to detect serious ad-
verse events in this group is limited. Because little
information was collected regarding patient selection
and socioeconomic status, it is difficult to fully assess
the representativeness of this sample. However, the
available clinical and demographic information sug-
gests that study participants reflect the wide spec-
trum of febrile illness among nonhospitalized chil-
dren. Physician-investigators could have chosen not
to enroll their sickest patients, but because study
participants were seen by a physician, they were
likely to be more seriously ill than most children who
receive over-the-counter antipyretics. If severity of
illness is associated with the risk of adverse clinical
events, then the risks to the general population of
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febrile children treated with acetaminophen and ibu-
profen are likely to be less than those observed here.
Finally, laboratory data were not available for all
participants, and changes in creatinine level could
not be systematically evaluated. However, creatinine
data were available for the sickest children (ie, those
hospitalized during follow-up) who were likely to be
at the greatest risk for renal impairment.

These limitations notwithstanding, this study rep-
resents the largest randomized controlled clinical
trial ever conducted to assess the safety of antipyretic
use in children <2 years old. These data indicate that
incidence rates for serious adverse clinical events
requiring hospitalization among febrile children
treated with acetaminophen or ibuprofen are low
and do not vary significantly with choice of antipy-
retic.
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