JPPT

ABSTRACTS FROM THE LITERATURE

ANTIPYRETIC EFFICACY AND SAFETY OF
IBUPROFEN AND ACETAMINOPHEN IN
CHILDREN. Goldman R, Ko K, Linett L, et al.
Ann Pharmacother 2004;38:146-50.

Background: Efficacy and safety questions sur-
rounding IBU (ibuprofen) and APAP (acetami-
nophen) are not new, but a recent FDA campaign
has again brought this topic to the forefront in
pediatric clinicians’ minds. Initiated January 22,
2004, the FDA’s goal of this educational launch
was to focus on the safe use of OTC pain and fe-
ver reducers. Thus, pharmacists and doctors are
frequently asked questions about which agent,
IBU or APAP, is best to treat fever. The answer to
this question is not clear-cut and the evidence-
based medicine must be examined to gather both
safety and efficacy data that are necessary to make
an appropriate decision. Goldman and colleagues
set out to accomplish the aforementioned task by
publishing a review article in the January 2004
edition of The Annals of Pharmacotherapy.

Objectives: The goal of this article was to evalu-
ate the current data concerning the antipyretic
effects of IBU and APAP. Secondly, this paper set
out to address and assess the adverse effects asso-
ciated with the use of these agents in children.

Methods: An extensive literature search utiliz-
ing the terms IBU and APAP were completed us-
ing the MEDLINE and EMBASE databases. Only
comparative studies written in English that con-
tained subjects ages birth to 18 years old were ex-
amined. Bibliographies of selected articles were
also examined in order to ensure a comprehen-
sive collection of the literature had been obtained.

Results: Fourteen studies were found via the
above search methodology. Eleven of these stud-
ies were randomized control trials. The trials
evaluated a variety of outcome measures to com-
pare the antipyretic effects of ibuprofen and ac-
etaminophen. Studies included investigations of
single and/or multiple dose therapies. Adverse
effects were also noted.

IBU exhibited greater antipyresis and longer
duration of effect when compared to APAP in four
studies. Several other studies found no significant
difference in the single-dose antipyretic effect of
ibuprofen and acetaminophen when measuring
changein temperature over time, duration of tem-

perature reduction, and extent of temperature
reduction. A multiple dose study using recom-
mended dosages of both drugs (ibuprofen 10 mg/
kg, acetaminophen 15 mg/kg) found ibuprofen
to produce a larger reduction in temperature up
to 6 hours after administration. The area under
the curve (AUC) of percent temperature reduc-
tion over time was significant (P = 0.03), but the
difference appeared to disappear when measured
at 0-12 hours (P = 0.06), 0-24 hours (P = 0.07),
or 0-48 hours (P =0.13).

Contradicting information exists when exam-
ining the evidence about adverse effects of these
two agents. Even though there is ample informa-
tion about each of these medications separately,
comparison information is limited. From the avail-
able literature the review article states that the risk
for hospitalization due to gastrointestinal bleed-
ing,renal failure, or anaphylaxis was not increased
following short-term use of ibuprofen. Otherstud-
ies have reported adverse effects in 0-26.6% of
febrile children treated with ibuprofen compared
with 0.9-19% treated with acetaminophen.
Goldman and colleagues highlighted one study
that stated subjects receiving IBU had at least one
adverse event more than those receiving APAP.

Important to note is the varied dosages of the
antipyretics across studies, ranging from 0.5 to 10
mg/kg with ibuprofen and 8 to 15 mg/kg with
acetaminophen. Results of studies that used doses
lower than those recommended therapeutically
should not be extrapolated to clinical practice.
Other limitations noted by the authors included
the small sample size in the majority of the com-
parison studies. Also, differing population char-
acteristics including treatment setting, severity,
course and management make it difficult to draw
any strong conclusions about IBU and APAP.

Conclusions: Goldman and colleges summarized
that the antipyretic effectiveness of IBU compared
to APAP remains disputable. They state that more
trials are needed to examine this topic. From an
efficacy standpoint IBU could be superior, but
there are numerous limitations in the literature
that the authors reviewed. Furthermore, the pa-
per concludes that safety concerns surrounding
these agents do exist, and can be considered mod-
est with short term use. Adverse events looking at
aspects including concomitant or prolonged use
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with IBU and APAP were not discussed.

Discussion/Comments: This article poses the ques-
tion of how acetaminophen and ibuprofen com-
pare in terms of antipyretic efficacy in children.
The review highlights the evidence based medi-
cine that attempts to find a definite answer to this
inquiry. Each clinician must weigh the benefits
and risks of using antipyretic medications. Not
only is there debate about which agent to use and
which dosing regimen to prescribe, there are defi-
nite concerns regarding adverse events due to use
of these agents. Currently, our institution recom-
mends use of either agent exclusively with appro-
priate monitoring. Children that are dehydrated,
with renal dysfunction, or at risk for gastrointesti-
nal bleeding should not receive IBU. Education
is key in proper utilization of these agents.
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TREATMENT OF OTITIS MEDIA WITH OB-
SERVATION AND A SAFETY-NET ANTIBIOTIC
PRESCRIPTION. Siegel RM, Keily M, Bien JP, et
al. Pediatrics 2003;112:527-31.

Background: Between 1980 and 1992, prescrip-
tions for acute otitis media (AOM) doubled from
12 million to 24 million, and AOM is one of the
most common diagnoses in children.! Recent

studies have shown that 78% of untreated chil-
dren with uncomplicated AOM had resolution of
symptoms within 4 to 7 days.?

Objective: To determine if: 1) parents and physi-
cians in the US would be comfortable with safety-
net antibiotic prescriptions (SNAP) for AOM and
2) if SNAP could decrease antibiotic usage.

Methods: Children ages 1-12 with AOM were eli-
gible for inclusion. Offices of the Cincinnatti Pe-
diatric Research Group (11/25) participated in
the study. Once enrolled, parents received a form
that included demographic data, physical exam
findings, treatment regimen, and an appropriate
SNAP, which was only to be filled within 5 days.
Parents were to fill the SNAP if the child’s symp-
toms did not improve in 48 hours. At enrollment,
samples of ibuprofen, acetaminophen, and
antipyrene/benzocaine otic drops were provided
in the physician’s office. Five to 10 days after en-
rollment, a nurse conducted a structured tele-
phone interview to determine if the SNAP had
been filled, if the child was progressing, and the
parents’ perception of SNAP.

Results: A total of 194 patients were enrolled,
and 90% completed the follow-up interview. Of
the 175 enrollees, the average age of the child
was b years (44% were female). Sixty-nine percent
of the parents did not fill the SNAP (n = 120),
and most said that they would be willing to treat
with analgesics and antipyretics in the future. The
55 enrollees who filled the SNAP (33 within 48
hours) did so because of continued pain or fever,
sleep disruption, no reason, and missed days of
work or child care. The only variable which ex-
plained parents’ decision to fill SNAP was > epi-
sodes of AOM previously.

Adverse Events: Although no complications were
reported as a result of this study, the case of one
patient is notable. A 16-month-old who was diag-
nosed with AOM and given a SNAP (filled after
48 hours) went on to develop AOM in the oppo-
site ear 6 weeks later, followed by postauricular
cellulites. He responded to intravenous antibiot-
ics and did not develop any further complications.

Conclusions: The results of this study seem to
support the conclusion that for uncomplicated
AOM, treatment with pain and antipyretic medi-
cations alone with a SNAP is appropriate, and that
a certain population of parents find this to be
acceptable.

Comments: Bacterial resistance is an ever grow-
ing problem in the US. Duchin and colleagues
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found that more than half of Stretococcus
preumoniae from nasopharyngeal swabs of chil-
dren who attended daycare in 1 community were
penicillin-resistant.? A survey by Watson and col-
leagues showed that although 97% of physicians
recognize that overuse of antibiotics contributes
to resistance, 46% will still prescribe an antibiotic
for the common cold.* Additionally, Palmer and
Bauchner surveyed a group of parents and found
that 85% of them realized that antibiotics were
overused, but 93% of them still felt that an antibi-
otic was necessary for the treatment of AOM.?

These studies highlight the importance of
changing practices when appropriate in order to
prevent further antibiotic resistance. Future stud-
ies regarding this issue need to be conducted over
longer periods of time with larger and more di-
verse groups of patients. Weaknesses in this study
include a small population, lack of diversity, a brief
follow-up period, and heavy reliance on subjective
criteria. Additionally, a clear definition of AOM
should be determined across the board for all prac-
titioners, as each of the studies evaluating AOM have
had somewhat different criteria. Longer term stud-
ies are needed to evaluate the rate of recurrence or
complications in patients who are and are not
treated immediately with antibiotics.
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BACTERIOLOGIC AND CLINICAL EFFI-
CACY OF ORAL GATIFLOXACIN FOR THE
TREATMENT OF RECURRENT/NONRE-
SPONSIVE ACUTE OTITIS MEDIA: AN
OPEN LABEL, NONCOMPARATIVE,
DOUBLE TYMPANOCENTESIS STUDY.
Leibovitz E, Piglansky L, Raiz S, Greenberg D,
Hamed K, Ledeine J, Press J, Leiberman A, Echols
R, Pierce P, Jacobs M, Dagan R. Pediatr Infect Dis
J, 2003;22:943-9.

Background: Acute otitis media (AOM) is the
most common disease of childhood with eighty
percent of children experiencing at least one epi-
sode in the first year of life.! The number of of-
fice visits for otitis media increased from 9.9 mil-
lion visits in 1975 to 24.5 million in 1990 corre-
sponding to more than 20 million prescriptions
written for otitis media-related antimicrobials.?
Recurrent AOM is characterized by at least 3 epi-
sodes in 6 months or 4 episodes in 12 months and
occurs in approximately 20 to 30 percent of the
pediatric population.' It should be distinguished
from persistent or nonresponsive AOM, which is
characterized by persistence of signs and symp-
toms of middle ear infection after 48 to 72 hours
of antibiotic therapy and/or relapse of the cur-
rent episode of AOM within one month of
completion of antibiotic therapy. The pathogen
responsible for causing a recurrent episode of
AOM may be different than the original patho-
gen, whereas nonresponsive AOM is simply treat-
ment failure. The most common pathogens asso-
ciated with recurrent and persistent AOM are
Streptococcus pneumoniae, Haemophilus influenzae,
and Moraxella catarrhalis with Staphylococcus aureus
and pyogenes infections occurring less commonly.
The proportion of B-lactamase-producing
Haemophilus influenzae and multi-drug resistant
Streptococcus pneumoniaeis growing, therefore mak-
ing judicious use of antimicrobial agents essen-
tial. Currently three antibiotics are recommended
for the treatment of recurrent and persistent AOM
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by the Centers for Disease Control Drug Resis-
tant Streptococcus pneumoniae Working Group: (1)
amoxicillin/clavulanate (80-90 mg/kg/day); (2)
cefuroxime axetil (30 mg/kg/day); and (3)
ceftriaxone IM (50 mg/kg X 3 days).® Recently,
the fluoroquinolones have been evaluated as po-
tential alternatives for treating recurrent AOM
due to their activity against the main pathogens
involved, but the arthrotoxicities seen in juvenile
animal models are a major concern with their use
in children.

Objective: To determine the bacteriologic and
clinical efficacy of gatifloxacin in recurrent/non-
responsive AOM and to document the nature of
adverse events in children.

Methods: 160 patients were enrolled in this open
label, noncomparative, double typanocentesis
study performed at Soroka University Medical
Center in Beer-Sheva, Israel. The patients ranged
in age from 6 months to 4 years old with the ma-
jority of patients being less than one year of age.
Patients were included if inclusion criteria for
recurrent and/or nonresponsive AOM were met.
The authors defined recurrent AOM as 3 episodes
in 6 months or 4 episodes in 12 months. Nonre-
sponsive or persistent AOM was defined as AOM
occurring 14 days after completing antibiotic
treatment or symptoms not improving after 48
hours of antibiotic therapy. Exclusion criteria in-
cluded: body wt > 40 kg, spontaneous perfora-
tion of the tympanic membrane and drainage for
> 24 hrs, presence of tympanostomy tubes, ana-
tomic abnormalities, serious underlying disease
(neoplasm, cystic fibrosis, juvenile diabetes mel-
litus, cardiac dysrhythmia), concomitant infec-
tion, renal or hepatic insufficiency, hypersensitiv-
ity to fluoroquinolones, present or previous joint
abnormalities, or the use of any investigational
drug, vaccine, or device within 30 days.
Gatifloxacin suspension (10 mg/kg once daily)
was prescribed for 10 days. An otolaryngologist
performed tympanocentesis and middle ear fluid
cultures before the first dose of study medication
was given. If a pathogen was identified,
tympanocentesis was repeated on Day 4, 5 or 6 of
treatment. Additional tympanocentesis was per-
formed in cases of recurrent AOM during the fol-
low-up period. Clinical and otologic assessments
were also performed on Day 4, 5 or 6, at the end
of therapy (Day 12, 13 or 14) and at the follow-up
visit (between Days 22 and 28). Rheumatologic
histories were taken and joint examinations were

JPPT
conducted at each visit.

Results: 98% of patients received at least 1 anti-
biotic course before starting the study, 24% re-
ceived > 1 antibiotic course, and 50% received
antibiotics in previous 24 hours. Amoxicillin was
administered in 53% of patients in the prior
month, amoxicillin/clavulanate in 33%,
cefuroxime axetil in 21%, ceftriaxone in 16%, and
azithromycin in 8% of patients. 128/160 patients
completed the study. Of the 32 patients that dis-
continued treatment early, 17 patients experi-
enced an adverse event, 10 patients were lost to
follow-up, 3 patients withdrew their consent, and
2 patients discontinued treatment due to labora-
tory abnormalities. Discontinuation of therapy
due to adverse events was required because of
vomiting (n = 15), diarrhea (n = 3), dehydra-
tion (n = 2), and maculopapular rash (n = 2).
No articular toxicity was observed during therapy
or during the follow-up period. There were 89
microbiologically evaluable patients and 121 iso-
lates recovered: 74 H. influenzae, 36 S. pneumoniae,
9 M. catarrhalis, and 2 S. pyogenes. 26 of 36 (72%)
of the S. pneumoniaeisolates were nonsusceptible
to penicillin with 15 being fully resistant. 19% of
H. influenzae produced b-lactamase. Gatifloxacin
demonstrated 100% eradication of H. influenzae,
94% S. pneumoniae, 100% M. catarrhalis, 50% 8.
pyogenes (2 patients) corresponding to 98% over-
all eradication (118/121). For patients with re-
current AOM only and nonresponsive AOM only,
the cure rates were 86% and 91% respectively. The
cure rate was 91% for patients with both recur-
rent and nonresponsive AOM. There were 3 bac-
teriologic persistences: 2 with S. pneumoniae and
1 with S. pyogenes. 114/160 patients were consid-
ered clinically evaluable at end of therapy (Day
12 to 14). Of these 114 patients, 103 were consid-
ered to have achieved clinical success. For the
remaining 11 patients classified as clinical failures
on Day 12 to 14, one patient had an associated
bacteriologic failure on Day 4 to 6. In the remain-
ing 10 patients, the episode of AOM diagnosed
on Day 12 to 14 occurred after bacteriologic eradi-
cation on Day 4 to 6. Overall, there were 31 epi-
sodes of recurrent AOM occurring after comple-
tion of therapy.

Conclusions: The authors concluded that
gatifloxacin is efficacious and safe for the treat-
ment of recurrent/nonresponsive AOM.

Comments: The authors clearly state that
gatifloxacin has no place for simple acute otitis
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media or even as a routine second-line agent.
High-dose amoxicillin still remains the firstline
treatment of choice for uncomplicated AOM ac-
cording to the Drug-resistant Streptococcus
pneumoniae Therapeutic Working Group.® For
patients with clinically defined treatment failure
after 3 days of therapy, amoxicillin/clavulanate,
cefprozil, or ceftriaxone should be used before
considering gatifloxacin. Gatifloxacin is an attrac-
tive alternative for recurrent AOM due to its ac-
tivity against many pathogens including Streptococ-
cus pneumoniae, Staphylococcus aureus, Haemophilus
influenzae, and Moraxella catarrhalis. It is estimated
that 1.5% of outpatient quinolone usage and
136,000 prescriptions annually are prescribed for
children and adolescents (0 to 18 years of age).
Based on drug-associated arthralgia reporting to
the FDA, quinolone-treated children would rep-
resent 2 cases per 100,000 filled prescriptions. A
similar trial was published in the same issue of
the Pediatrics Infectious Disease Journal performed
by Arguedas and colleagues which evaluated 254
patients, ages 6 months to 7 years of age.* The
patients received gatifloxacin suspension (10 mg/
kg once daily for 10 days) for recurrent/nonre-
sponsive AOM. Similar results were seen in both
trials, but missing from the Leibovitz trial that was
present in the Arguedas trial were short and long-
term safety arms. Patients were followed up 4
weeks after treatment and also 2, 4, 6, and 12
months after treatment with gatifloxacin. After 4
weeks of treatment, only 2 patients experienced
arthrotoxicity and both episodes were considered
transient. One patient was a 3 year-old with knee
pain and abnormal gait, which resolved in 13 days.
The other patient was a 5 year-old with mild bilat-
eral hand and foot pain that occurred after one
dose of study medication and considered unlikely
related to the drug. The results of the long-term
safety arm will be published separately. Concerns
of resistance may be of more importance than the
arthrotoxicity potential associated with
fluoroquinolones in children. On May 10, 2004,
the FDA’s Anti-infective Drugs Advisory Commit-
tee was scheduled to review the use of gatifloxacin
for recurrent otitis media, however that meeting
was cancelled. If approved by the FDA for use in
recurrent/nonresponsive AOM, gatifloxacin may
be another alternative agent for children who
have received multiple courses of antibiotics with-
out resolution.
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REASSESSMENT OF THEOPHYLLINE USE
FOR SEVERE ASTHMA EXACERBATION: ISIT
JUSTIFIED IN CRITICALLY ILL HOSPITAL-
IZED PATIENTS? Self TH, Redmond AM,
Nguyen WT. J Asthma 2002;39:677-86

The use of theophylline and related medica-
tions in the treatment of asthma has been in ques-
tion since the introduction of B2-adrenergic re-
ceptor (B2AR) agonists. Self et al. recently re-
viewed the contemporary literature assessing the
role of theophylline in severe asthma exacerba-
tions.1 The authors discuss studies using theophyl-
line with and without benefit and note a trend
that does not favor theophylline. Most impor-
tantly, these reports usually do not study the drug
in the severely ill asthmatic, an extremely diffi-
cult population. From these data, Self, et al. con-
clude that theophylline does have a role in treat-
ing severe asthma exacerbations in patients who
do not respond to maximal therapy with 2AR
agonists and systemic corticosteroids.!

Based on data presented in this review and other
investigations of theophylline and related drugs,
using these medications for treatmentrefractory
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asthma is logical from both a clinical standpoint
and from a pharmacologic view. Focusing on
asthma, B2-receptor agonists exert their action by
stimulating the membrane-bound B2-receptor in
the smooth muscle of the respiratory tract."** The
family of B-adrenergic receptors are linked to in-
tracellular G proteins that activate adenylyl cy-
clase. Adenylyl cyclase converts ATP (adenosine
triphosphate) to cAMP (cyclic adenosine mono-
phosphate), a second messenger that activates
protein kinase A. Protein kinase A activates or
inactivates enzymes, receptors, and other proteins
via phosphorylation, resulting in smooth muscle
relaxation and bronchodilation.

However, when a patient does not respond to
B2AR-agonists during an acute asthma attack,
there is a need to augment the activity of these
drugs. Methylxanthines such as theophylline and
caffeine were once the favored treatment for
asthma until the advent of B2-receptor specific
antagonists. Methylxanthines were long thought
to exert their action by inhibiting cyclic nucleotide
phosphodiesterase enzymes, which catalyze the
breakdown of cAMP. However, phosphodiesterase
inhibition does not occur at clinically relevant
concentrations, and researchers have proposed
several clinically relevant mechanisms of these
drugs, including adenosine receptor inhibition,
increased secretion of epinephrine, and increased
secretion of IL-10 (an anti-inflammatory media-
tor) among others.’

The most prominent mechanism of theophyl-
line is its competitive antagonism of a specific
adenosine receptor subtype.® Studies with theo-
phylline demonstrate that this drug binds to ad-
enosine receptors with a range of affinities, based
on receptor subtype (discussed later).® Adenos-
ine is a purine transmitter with a myriad of ef-
fects throughout the body both peripherally and
in the central nervous system. In an acute asthma
exacerbation, adenosine likely does not exert sig-
nificant direct action on bronchial smooth
muscles, but it may cause bronchoconstriction via
increasing release of inflammatory mediators
from lung mast cells.

Four subtypes (Al, A2A, A2B, and A3) of ad-
enosine receptor have been identified.’ Agonism
of the adenosine Al receptor leads to
bronchoconstriction in animal models, but the
role of adenosine Al receptors and their antago-
nists is unclear in the pathophysiology of human
asthma.® Activation of adenosine A2A receptors

seems to suppress neutrophil activation and may
promote an endogenous anti-inflammatory
mechanism.® Animal adenosine A3 receptors do
not share a large degree of genetic similarity with
human adenosine A3 receptors, and the role of
this subtype of adenosine receptors in humans has
not been completely described.?

The adenosine A2B receptor subtype is the fo-
cus of much attention in the treatment of asthma.
Adenosine A2B receptors have been noted to be
present on respiratory smooth muscle cells and
mast cells, in addition to other cells throughout
the body. It is believed that agonism of bronchial
muscle and mast cell adenosine A2B receptors is
prominent in the pathophysiology of asthma.?
Thus, highly specific antagonists of adenosine A2B
receptors may soon be fundamental to the pre-
vention and/or treatment of asthma.®

Based on the data presented by Self et al. and
other authors, theophylline seems to provide clini-
cal benefit in asthma patients who are severely ill
and who are not responding to aggressive doses
of traditional asthma therapies (i.e., inhaled B2AR
agonists and systemic corticosteroids).! In order
to determine why some patients do not respond
to B2-agonists and corticosteroids, more research
is needed. Several theories explain the lack of
response to conventional asthma treatment.

One of the causes of poor response to B-ago-
nists may be desensitization or down-regulation
of B-receptors after regular, prolonged use of -
agonists. There are multiple mechanisms believed
to contribute to decreased response to B-adren-
ergic receptor agonists.” In the short term, phos-
phorylation of the transmembrane subunits of the
receptor leads to uncoupling from the Gs pro-
tein, resulting in lack of responsiveness.” This
phosphorylation is accomplished by B-adrenergic
receptor kinase (bARK) and protein kinase A.
bARK identifies B-agonist receptors that are oc-
cupied; thus, the frequent, regular use of B-re-
ceptor agonists contributes to the activity of this
enzyme, resulting in uncoupling of the receptor
from the G-protein subunit. Another process in
down regulation of B2AR is related to the mecha-
nism of the receptor itself. B2AR is internalized
after binding a B-receptor agonist and is either
metabolized or returned to the cell surface only
after the agonist has left the binding site. Thus,
receptor turnover rate dictates the availability of
receptors on the cell surface. It is possible that
long-term use of B2AR agonists decreases b-adr-
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energic receptor turnover via inhibition of gene
transcription.”

Another consideration in the discussion of treat-
ment-resistant asthma that has been receiving
much attention recently is the occurrence of ge-
netic polymorphisms of the B2AR. A recent re-
view of B2AR polymorphisms in this journal pro-
vides an excellent background for understanding
why some patients do not respond to standard
asthma therapies as well as others.? The most com-
monly noted polymorphisms affect the influence
of catecholamines and $2-agonists on down-regu-
lation in some places, it is hyphenated and others
not. I think we hyphenated it in past issues. I am
not on the computer I usually work from, so I can’t
check past issues at the moment of B-receptors.
Interestingly, a combination of certain genetic
codes confers absolute resistance to down-regu-
lation of B-receptors. The ramifications of genetic
polymorphisms on response to drug therapy in
asthma or any disease state will clearly shape the
future of therapeutics.

In conclusion, the addition of theophylline to
the standard therapeutic regimen for acute, se-
vere, refractory asthma is a proper approach.
Based on the pharmacologic mechanisms of B2AR
agonists and methylxanthines, the addition of
theophylline is expected to provide significant
benefit in patients with acute asthma not relieved
by B2AR agonists and corticosteroids. Genetic dif-
ferences among patients may dictate response to
drug therapy, and this area of specialty deserves
much attention.
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