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Objective To compare outcomes of pediatric patients treated with azithromycin compared with penicillin or cepha-
losporin. We hypothesized that azithromycin use would not be associated with increased cardiac mortality in the
pediatric population.
Study design Retrospective cohort study from the Pediatric Health Information System database between 2008
and 2012. Patients <19 years of age with a principal diagnosis of community-acquired pneumonia who received
an antibiotic were included. Primary outcomes were cardiopulmonary resuscitation (CPR) and mortality. Second-
ary outcomes were ventricular arrhythmias incidences and readmission for ventricular arrhythmia. Statistical analy-
sis was performed with the c2 test. Multivariable analysis was performed to control for potential confounders among
patient, event, and treatment characteristics.
Results A total of 82 982 patients (54.3% males) met study criteria. Median age was 2.6 years (IQR 1.2-5.9 years)
and median length of stay was 2 days (IQR 2-4 days). Azithromycin was used in 5039 (6.1%); penicillin or cepha-
losporin was used in 77 943 (93.9%). Overall prevalence of antibiotic-associated CPR was 0.14%. Patients re-
ceiving a macrolide antibiotic had a lower prevalence of CPR compared with patients receiving a penicillin or
cephalosporin (0.04% vs 0.14%, P = .04), and there was no difference in mortality. Multivariable analysis did not
find an association between macrolide use and CPR.
Conclusions In contrast to recent adult studies, among children hospitalized for community-acquired pneumo-
nia, azithromycin use was not associated with a greater prevalence of cardiac arrest compared with penicillin or
cephalosporin use. (J Pediatr 2017;182:311-4).

Azithromycin is a macrolide antibiotic commonly used in the pediatric population. Azithromycin commonly is pre-
scribed for the treatment of upper and lower respiratory tract infections and sexually transmitted diseases. Although
macrolides have been known to cause corrected QT interval (QTc) prolongation and increase the risk of torsades de

pointes,1 azithromycin has been thought to have a lower risk of adverse cardiac effects compared with other macrolides (eg,
erythromycin, clarithromycin).1-3

Recently, however, several case reports and the Food and Drug Administration (FDA) Adverse Effect Reporting System have
linked the use of azithromycin to significant QTc prolongation, torsades de pointes, and polymorphic ventricular tachycardia.4-11

Subsequent large-scale adult studies have shown mixed results regarding the cardiac safety of azithromycin.12-15 In March 2013,
the FDA issued a statement warning providers and patients about the risk of QTc prolongation and fatal arrhythmias in pa-
tients taking azithromycin.16

To date, few data are available on the risk of adverse cardiovascular events in the pediatric population taking azithromycin.
There is one case report in which a rapidly infused overdose of azithromycin led to a life-threatening arrhythmia in a 9-month-
old patient.17 We hypothesized that the use of azithromycin would not be associated with an increased incidence of cardiopul-
monary resuscitation (CPR) or mortality compared with penicillin or cephalosporin use in the pediatric population

Methods

A retrospective, cohort study was designed, and the Pediatric Health Information System (PHIS) database was queried for
patients discharged from 2004 to 2012. PHIS is an administrative database of 44 US children’s hospitals. PHIS contains
patient demographics, International Classification of Diseases, Ninth Revision
(ICD-9) diagnosis codes for the entire admission, ICD-9 procedure codes

CHD Congenital heart disease
CPR Cardiopulmonary resuscitation
FDA Food and Drug Administration
ICD-9 International Classification of Diseases, Ninth Revision
ICU Intensive care unit
PHIS Pediatric Health Information System
QTc Corrected QT interval
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including date of service, and medications billed including
date of service.

Inclusion criteria consisted of patients <19 years of age who
had a principal diagnosis of community-acquired pneumo-
nia (ICD-9 codes 481, 485, 486); received azithromycin, peni-
cillin, or a cephalosporin antibiotic; and were admitted as
inpatients. Patients were excluded if they were missing medi-
cation data, if they received both azithromycin and either a peni-
cillin or cephalosporin antibiotic during their inpatient
admission, or if they underwent a cardiac surgical procedure
during the admission.

Our primary outcome measures were the prevalence of CPR
and mortality. Secondary outcomes measures were preva-
lence of ventricular tachycardia and ventricular fibrillation and
the number of readmissions for ventricular arrhythmias.

Data queried included patient demographic variables, ICD-9
codes for disease states (Table I; available at www.jpeds.com),
hospital length of stay, medication use, intensive care unit (ICU)
admission, use of mechanical ventilation, use of mechanical
circulatory support, CPR, and mortality. Medications with the
potential for prolonging the QT interval (www.crediblemeds.org)
that were prescribed on the same day as the penicillin/
cephalosporin or azithromycin were identified and queried.

Antibiotic-associated CPR was defined as CPR occurring on
the same day as antibiotic administration (with either
azithromycin or penicillin/cephalosporin). CPR on the first day
of admission was not considered as antibiotic-associated CPR
even if it occurred on the same day as antibiotic administration.

Descriptive statistical methods were used (mean, SD, median,
IQR, percent) for the entire study population. Student t test,
c2 analysis, and Wilcoxon rank-sum test were used to deter-
mine differences in patient populations between those who re-
ceived a penicillin/cephalosporin antibiotic and those who
received azithromycin. Mixed-effects multivariable logistic re-
gression analysis was used to determine significant variables
for CPR while receiving an antibiotic. All analyses were per-
formed with STATA, version 12 (STATA Corp, College Station,
Texas).

Results

A total of 82 982 patients (54.3% males) met study criteria.
The median age was 2.6 years (IQR 1.2-5.9 years), and median
length of stay was 2 days (IQR 2-4 days). Patient race was white
(55.3%) followed by African American (23.8%), other (12.5%),
and Asian (2.6%). Hispanic patients were 24.2% of the study
population. ICU admission occurred in 10.5%, mechanical ven-
tilation was used in 5.8%, and extracorporeal membrane oxy-
genation was used in 0.05%. CPR occurred in 0.22% of the
entire cohort (including both antibiotic-associated CPR and
nonantibiotic-associated CPR), and in 0.14% of patients during
antibiotic therapy, and the incidence of mortality was 0.32%.

Patients had a median of 1 (IQR 1-2) concomitant disease
states coded in addition to community-acquired pneumo-
nia. Included concomitant disease states are listed in Table II.
Medications that could potentially prolong the QT interval were
administered in 10.9% of the population, and those patients

received a median of 1 (IQR 1-1) QT-prolonging medica-
tions. The only medications with potential QT prolongation
that were used in more than 1% of the population were
ondansetron (6.1%) and famotidine (1.2%).

Azithromycin was used in 5039 (6.1%) for a median of 1
day (IQR 1-2 days) and a penicillin or cephalosporin was used
in 77 943 (93.9%) for a median of 2 days (IQR 2-2 days).
Penicillin/cephalosporin use was primarily ceftriaxone (48.2%),
cefotaxime (19.1%), cefuroxime (16.5%), ampicillin
(8.6%), amoxicillin (7.6%), ampicillin and sulbactam (3.5%),
amoxicillin and clavulanic acid (3.1%), piperacillin (2.9%),
cefdinir (2.8%), ceftazidime (2.5%), and cefepime (1.5%), with
all others less than 1%.

By univariable analysis, comparison of azithromycin and
penicillin/cephalosporin groups demonstrated significant dif-
ferences in the following patient factors: age, Hispanic eth-
nicity, use of medications with potential QT prolongation,
presence of congenital heart disease (CHD), use of mechani-
cal ventilation, ICU admission, and the number of concomi-
tant disease states (Table III).

The overall prevalence of inpatient antibiotic-associated CPR
was 0.14%. Patients receiving azithromycin had a lower preva-
lence of antibiotic-associated CPR compared with patients re-
ceiving a penicillin or cephalosporin (0.04% vs 0.14%, P = .04).
The overall incidence of mortality was 0.32%, and there was
no difference in mortality between the azithromycin group and
the penicillin/cephalosporin group (0.18% vs 0.33%, P = .06;
Table IV).

We found no difference in the prevalence of ventricular
tachycardia (0.06% vs 0.08%, P = .57) or ventricular fibrilla-
tion (0.004% vs 0.00%, P = .66) between the azithromycin and
penicillin/cephalosporin groups (Table II). Only 2 patients were
readmitted with ventricular arrhythmias, and neither was re-
ceiving azithromycin.

Table II. Concomitant disease states (ICD-9 codes)

Percentage
present

Chronic obstructive pulmonary diseases (ICD-9: 490-496) 31%
Other diseases of the respiratory system (ICD-9: 510-519) 24.7%
Other metabolic and immunity disorders (ICD-9: 270-279) 23.2%
Acute respiratory infections (ICD-9: 460-466) 12.2%
Congenital anomalies (ICD-9: 740-744, 748-759) 11.9%
Diseases of the blood and blood-forming organs (ICD-9: 280-289) 10.1%
Other disorders of the central nervous system (ICD-9: 340-349) 8.7%
Congenital heart disease (ICD-9: 745-747) 4.9%
Other diseases of the upper respiratory tract (ICD-9: 470-478) 3.4%
Degenerative diseases of the central nervous system

(ICD-9: 330-337)
2.4%

Diseases of the endocrine glands (ICD-9: 249-259) 2.1%
Cystic fibrosis (ICD-9: 277.00-277.09) 1.6%
Hypertensive disease (ICD-9: 401-405) 1.3%
Diseases of the peripheral nervous system (ICD-9: 350-359) 1.2%
Disorders of the thyroid gland (ICD-9: 240-246) 1.2%
Cardiac arrhythmias (ICD-9: 427) 1.2%
Diseases of the pulmonary circulation (ICD-9: 415-417) 1.1%
Diseases of the veins and lymphatics (ICD-9: 451-459) 1.0%
Nephritis and nephrotic syndromes (ICD-9: 580-589) 1.0%
All others <1.0%
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