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Abstract

Background Azithromycin has been associated with

abnormalities of cardiac repolarization and development of

torsades de pointes. Observational data suggest that the risk

of death from cardiovascular causes is increased in patients

taking azithromycin. Little is known regarding the risk of

ventricular arrhythmia in patients with prolongation of the

corrected QT interval who receive azithromycin.

Objective The purpose of this study was to determine the

incidence of sustained ventricular tachycardia in patients

with prolonged corrected QT (QTc) who subsequently

received azithromycin.

Methods We performed a retrospective cohort analysis of

the incidence of sustained ventricular tachycardia in

patients with prolonged QTc (greater than 450 ms) who

successively received intravenous (IV) and/or oral azi-

thromycin. Patients hospitalized in a tertiary care teaching

hospital between November 2009 and June 2012 were

included in the study. The primary outcome was sustained

ventricular tachycardia documented in patients on

telemetry.

Results Of the 103 patients enrolled in the study, only one

patient experienced the primary outcome (0.97 %). The

event occurred 1 day after the administration of a single

dose of 500 mg IV azithromycin.

Conclusion The risk of sustained ventricular tachycardia

was 0.97 % in our cohort of patients with prolonged QTc

who subsequently received azithromycin. Given the small

size of this study, additional research is needed to deter-

mine the true incidence of arrhythmia in the population.

Key Points

Azithromycin has been associated with prolongation

of the QTc interval and development of torsades de

pointes.

Previously, there were no data detailing the

incidence of sustained ventricular tachycardia in

patients with known prolonged QTc who were

subsequently given azithromycin.

In a small cohort of patients admitted to a tertiary

referral medical center, the risk of sustained

ventricular tachycardia was less than 1 % in patients

with prolonged QTc who subsequently received

azithromycin.

1 Introduction

Macrolides are commonly used and effective antibiotics for

conditions such as respiratory infections and certain sexu-

ally transmitted diseases. Early generation macrolides such

as erythromycin were found to prolong cardiac repolar-

ization and were associated with torsades de pointes (TdP),

a potentially fatal ventricular arrhythmia [1]. Newer
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macrolides were developed for the treatment of atypical

organisms in respiratory tract infections. Post-marketing

surveillance demonstrated an improved safety profile

compared to erythromycin and clarithromycin [2]. Further,

azithromycin may provide a survival benefit in older adults

with pneumonia when compared with fluoroquinolones [3].

However, as use of the drug became more prevalent, case

reports emerged linking azithromycin to prolongation of

the QT interval, TdP, and polymorphic ventricular tachy-

cardia. The US Food and Drug Administration’s (FDA’s)

Adverse Event Reporting System has documented over 20

cases of TdP in patients taking azithromycin [4].

A large retrospective cohort study in 2012 showed the

risk of both cardiovascular and all-cause mortality in

patients who received azithromycin was increased when

compared with patients who took amoxicillin [5]. Despite

some limitations, this study prompted further investigation,

and in 2013 the FDA revised product labels to advise

against using azithromycin in patients with prolonged QTc,

risk factors for prolonged QTc, and in persons who con-

comitantly take medications that delay cardiac repolariza-

tion. However, no data are available regarding the incidence

of ventricular arrhythmias in such populations when they

receive azithromycin. In this retrospective study, we eval-

uated the incidence of sustained ventricular tachycardia in

hospitalized patients with prolonged corrected QT interval

(QTc), who subsequently received azithromycin (Fig. 1).

2 Methods

2.1 Study Cohort

Between November 2009 and June 2012, 266 patients at

Mayo Clinic in Florida with prolonged QTc greater than

450 ms (ms) who subsequently received azithromycin were

evaluated for inclusion in this retrospective study [6]. Data

were collected by retrospective chart review performed by

interrogation of our electronic medical record for patients

with prolonged QTc, cross-referenced by administration of

azithromycin. The resultant database was subsequently

manually reviewed and validated by the study authors.

Patients were excluded if they were younger than 18 years

of age, had a history of sustained ventricular tachycardia

(defined as ventricular tachycardia for greater than 30 s or

requiring termination in less than 30 s due to hemodynamic

compromise), had an implanted defibrillator, were using

antiarrhythmic medications, or had received azithromycin

or another antibiotic within 72 h prior to admission. The

study protocol was approved by the Mayo Clinic Institu-

tional Review Board IRB# 14-005155. The primary out-

come was sustained ventricular tachycardia. Secondary

outcomes included cardiac death, all-cause mortality, and

length of hospital stay. Baseline characteristics and co-

morbidities were collected along with concomitant use of

QTc prolonging medications. All EKGs were read auto-

matically and reviewed by a staff cardiologist. Bazett’s

formula was used to correct the QT interval.

2.2 Statistical Analysis

Continuous variables were summarized using the sample

median. Categorical variables were summarized with num-

ber and percentage. The proportion of patients who experi-

enced sustained ventricular tachycardia following the start of

azithromycin was estimated along with a 95 % confidence

interval (CI). Statistical analysis was performed using JMP

(version 9.01; SAS Institute, Inc., Cary, NC, USA).

3 Results

A total of 103 patients were included in the final analysis.

Subjects may have been excluded for more than one rea-

son. Five patients were excluded due to a history of ven-

tricular tachycardia, 16 due to prior AICD placement, 16

Fig. 1 a Rhythm strip of

torsades de pointes in a 91-year-

old male with prolonged QTc.

b Ventricular tachycardia

documented 27 h following a

500 mg IV dose of

azithromycin
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due to concomitant treatment with an antiarrhythmic, 102

excluded for treatment with another antibiotic within 72 h

of admission, 17 were treated with azithromycin prior to

admission, and 16 developed prolonged QTc only after a

dose of azithromycin. Information on mean age, gender,

race, diagnosis at admission, and co-morbid conditions is

represented in Table 1. The most common reasons for

admission were pulmonary (60 %), cardiovascular (19 %),

and renal failure (7 %). A history of hypertension was

noted in 62 % of patients, coronary artery disease in 45 %,

diabetes mellitus in 31 %, and heart failure with reduced

ejection fraction in 14 % of patients.

The use of beta-blockers (50 %) and antidepressants was

common (36 %), whereas antifungal (2 %) and antipsy-

chotic (6 %) use was not (Table 2). Indications for azi-

thromycin often differed from initial admission diagnosis

and included sexually transmitted infection (0.9 %), bron-

chitis (6.7 %), respiratory failure (9.7 %), chronic

obstructive pulmonary disease exacerbation (16.5 %), and

pneumonia (66.0 %). The initial dose of azithromycin was

250 mg in nine patients (9 %), 500 mg in 92 patients

(89 %), 1,000 mg in one patient (0.9 %), and 1,200 mg in

one patient (0.9 %). Intravenous (IV) administration of

azithromycin (41 %) was preferred to oral dosing (38 %),

and 22 patients received the medication by both routes

(22 %). The median duration of treatment was 2 days,

(range 1–36 days). The median total dose of azithromycin

was 1000 mg (range 250–9000 mg). The median duration

of the QTc interval at time of admission was 474 ms (range

423–583 ms), while the longest median QTc was 485 ms

(range 451–583 ms). Ninety-four of the 103 patients were

monitored on telemetry (91 %).

Only one patient with prolonged QTc developed sus-

tained ventricular tachycardia following administration of

azithromycin (0.97 %), and subsequently expired from the

arrhythmia. This patient was critically ill with multiple co-

morbidities including atrial fibrillation, dementia, severe

aortic stenosis, and NYHA class IV congestive heart failure

with systolic ejection fraction of 47 %. Prior to admission,

he took no medications known to prolong the QTc interval

but regularly consumed tea containing Zhi Gan Cao, or

licorice root. This Chinese herb has been associated with

cases of hypokalemia and even ventricular tachycardia and

TdP [7]. The primary diagnoses at admission were altered

mental status and sepsis, but during the hospitalization, the

patient developed stress-related myocardial infarction. On

admission the patient’s QTc was 486 ms but later increased

to 550 ms. The EKG with QTc interval in excess of 500 ms

was obtained after the patient developed self-terminating

TdP. He received one 500 mg IV dose of azithromycin

after the index arrhythmia and documentation of prolonged

QTc. Recurrent ventricular tachycardia followed by asys-

tolic arrest occurred the following day, 27 h after the IV

dose of azithromycin (half-life of azithromycin is 68 h).

Additionally, seven patients died from all-cause mortality

(6.79 %) including one from pneumonia, one from renal

failure, one from septic shock, and four from respiratory

failure . The median time from first dose of azithromycin to

Table 1 Characteristics and co-morbidities of patients with pre-

existing QT prolongation admitted to a US tertiary-care hospital

between November 2009 and June 2012

Variable Summary (N = 103)

Age 76 (26, 58, 89, 98)

Gender (Male) 65 (63 %)

Race

Caucasian 93 (91 %)

African American 4 (4 %)

Asian 3 (3 %)

Other 2 (2 %)

Body mass index 27 (16, 23, 31, 49)

Admission diagnosis

Pulmonary 60 (58 %)

Chronic obstructive

pulmonary disease

12 (12 %)

Pneumonia 33 (32 %)

Other 15 (15 %)

Cardiovascular 19 (18 %)

Congestive heart failure 12 (12 %)

Coronary 4 (4 %)

Arrhythmia 3 (3 %)

Renal failure 7 (7 %)

Neurologic 5 (5 %)

Vascular 3 (3 %)

Non-vascular 2 (2 %)

Gastrointestinal 4 (4 %)

Liver 2 (2 %)

Other 2 (2 %)

Infectious 4 (4 %)

Oncologic 3 (3 %)

Hematologic 1 (1 %)

Serum potassium (mEq/L) 4.0 (2.7, 3.6, 4.3, 6.2)

Serum calcium (mg/dL) 8.8 (7.4, 8.4, 9.4, 12.5)

Serum creatinine (mg/dL) 1.0 (0.4, 0.7, 1.9, 15.4)

Serum sodium (mmol/L) 138 (127, 135, 140, 159)

Glomerular filtration rate 60 (3.4, 35, 60, 60)

Ejection fraction 58 (22, 47, 66, 73)

Telemetry 94 (92 %)

Diabetes 32 (31 %)

Hypertension 64 (62 %)

Coronary artery disease 46 (45 %)

Congestive heart failure 14 (14 %)

The sample median and descriptive statistics (minimum, 25th per-

centile, 75th percentile, maximum) are given for continuous variables

Serum calcium (N = 13), and cardiac ejection fraction (N = 43)
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the advent of all-cause mortality was 3 days (range 1–37).

In all patients who died, the dose of azithromycin was

500 mg. Median length of hospitalization for the cohort

was 3.2 days (range 0.5–148 days).

4 Discussion

Each year in the USA, between 300,000 and 400,000

people experience sudden cardiac death (SCD) [8], which

exceeds the combined mortality of breast cancer, prostate

cancer, traffic accidents, firearms, and AIDS [9]. While

most cases of SCD are related to underlying structural heart

abnormalities or coronary artery disease, a substantial

portion is due to arrhythmias [10, 11]. In the inpatient

setting, four of every 1000 patients develop cardiac arrest,

of which only 20–50 % are successfully resuscitated [12].

It has been reported that TdP, an insidious polymorphic

ventricular arrhythmia, represents 6 % of in-hospital car-

diac arrests [13], but the incidence may be higher, as fatal

ventricular arrhythmias eventually degrade into pulseless

electrical activity or asystole prior to documentation of the

instigating dysrhythmia [14].

Torsades de pointes can result from prolongation of the

electrocardiographic QTc interval, which represents the

period of both cardiac depolarization and repolarization [8,

15, 16]. Prolongation of the QTc interval is caused by

extension of the myocyte action potential due to increased

intracellular current or impairment of phase 3 Ik resulting

in accumulation of intracellular potassium [17, 18]. The

reduced outward current also imparts a risk for the devel-

opment of early after-depolarization, in which an

extrasystole during the prolonged QT may trigger TdP by

re-entry [19]. The length of the QTc interval is dependent

upon gender and normally less than 460 ms in women, and

450 ms in men [20]. Prolongation of the QTc interval

beyond 500 ms substantially increases the risk of TdP. QTc

prolongation may occur as a familial variant of long QT

syndrome, but more is more often acquired [21].

Commonly cited risk factors for acquired QTc prolon-

gation include female gender, bradycardia, advanced age,

electrolyte disturbances such as hypokalemia and hypo-

magnesemia, heart failure, and conditions that reduce the

hepatic metabolism of medications [17, 19]. Medication-

induced QTc prolongation is more common, with a myriad

of agents having been implicated [21]. The risk of medi-

cation-induced TdP may be additive with polypharmacy, as

the mechanism of QTc prolongation differs between drug

classes [17]. As the population ages, polypharmacy is more

abundant and hospitalizations become more frequent. In

prior studies, 25 % of patients admitted to the hospital had

QTc prolongation at time of admission, and nearly 20 % of

those were admitted with a QTc greater than 500 ms [22].

A study showed the prevalence of prolonged QTc to be

even higher in an acute geriatric ward [23]. Forty percent

of hospitalized patients with a QTc greater than 500 ms

have been observed to receive drugs associated with further

prolongation of the QTc.

The most common agents that predispose to TdP are

class I and III antiarrhythmics. These drugs are associated

with TdP in more than 8 % of cases [15]. Of the non-

cardiac drugs, it has been proposed that macrolides are the

antibiotics with the greatest QTc prolonging potential [24].

This effect is multifactorial as macrolides not only block Ik

Table 2 Medications present on admission along with route and

dosing of azithromycin administration with median and maximum

duration of the QTc, and length of hospital stay in patients with pre-

existing QT prolongation admitted to a US tertiary-care hospital

between November 2009 and June 2012

Variable Summary (N = 103)

Beta blocker at admission 52 (50 %)

Type of beta blocker

Metoprolol 34 (33 %)

Carvedilol 12 (12 %)

Atenolol 4 (4 %)

Other 2 (2 %)

Antidepressant at admission 37 (36 %)

Type of antidepressant

Sertraline 16 (16 %)

Citalopram 7 (7 %)

Paroxetine 7 (7 %)

Other 7 (7 %)

Antifungal at admission 2 (2 %)

Type of antifungal

Fluconazole 2 (2 %)

Antipsychotic at admission 6 (6 %)

Type of antipsychotic

Quetiapine 4 (4 %)

Other 2 (2 %)

Initial azithromycin dose

250 mg 9 (9 %)

500 mg 92 (89 %)

Other 2 (2 %)

Route of azithromycin administration

IV 42 (41 %)

PO 39 (38 %)

Both 22 (22 %)

Days of azithromycin 2 (1, 1, 4, 36)

Total dose of azithromycin (mg) 1000 (250, 500, 2000, 9000)

QTc at admission (ms) 474 (423, 460, 495, 583)

Longest QTc during admission (ms) 485 (451, 464, 510, 583)

Length of stay (days) 3.2 (0.5, 2.1, 7.0, 148)

The sample median and descriptive statistics (minimum, 25th per-

centile, 75th percentile, maximum) are given for continuous variables
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channels, but are also metabolized by CYP3A4, an isoen-

zyme responsible for the metabolism of over 60 % of

medications whose function is inhibited by many com-

monly prescribed drugs [25]. Macrolides are therefore

more dangerous for those who simultaneously take

CYP3A4 inhibitors or another QTc prolonging medication

metabolized by this isoenzyme [17, 26]. For example, use

of clarithromycin alone increases the QTc by 6 ms, but co-

administration with cisapride, a prokinetic agent associated

with QTc prolongation and also metabolized by CYP3A4,

increases the QTc by 25 ms [27, 28].

Azithromycin has been shown to have less effect on

CYP3A4 and is more widely used than other macrolides

[27, 29]. Between January 2002 and December 2011, azi-

thromycin was mentioned 69,790,000 times during outpa-

tient office visits in connection with bronchitis. This

represented 40.6 % of all drugs cited for this diagnosis.

During this time, azithromycin was second only to amox-

icillin for treatment of sinusitis, and was mentioned

34,077,000 times [30]. In 2012, 40.3 million people were

prescribed azithromycin [30]. Interestingly, the risk of

sudden cardiac death observed with azithromycin occurred

only within a typical 5-day course [5]. The rate of drug-

induced TdP varies by medication class. In a population-

based study of 605,127 people taking fluoroquinolone

antibiotics, ventricular arrhythmias were detected in 180

patients and cardiac arrest occurred in 555 patients that had

prior exposure to a quinolone. However, this study had an

extensive immeasurable time bias between drug exposure

and event rate and did not take into account the incidence

of sustained ventricular tachycardia in patients with known

prolonged QT who subsequently received the medication

[31]. However, in our previous work of 1,004 patients

evaluating the incidence of TdP in patients with prolonged

QTc who subsequently received levofloxicin, 0.2 % of

patients experienced sustained ventricular tachycardia [32].

This is in contrast to our current study noting an event rate

of 0.97 %. The rate of ventricular arrhythmia in our study

was far too small to speculate about potential risk factors

that contribute to the development of ventricular tachy-

cardia in patients with prolonged QTc who are given azi-

thromycin. However, consistent with the risk noted by Ray

et al. [5], our lone case of ventricular tachycardia occurred

during a 5-day course of therapy.

Our study included subjects with prolonged QTc, though

we are uncertain if any patients within the cohort had a prior

history of long QT syndrome. Although 43 % of patients in

this study were taking antidepressants, antifungals or

antipsychotics, we did not account for a number of other

commonly prescribed drug classes such as antiemetics and

prokinetics that also prolong the QTc. To fully account for

all medications that influence cardiac repolarization would

be a monumental undertaking [17, 33].

Although the reasons why physicians in this study chose

to use azithromycin in the presence of a prolonged QTc

were not analyzed, the high degree of complexity and

acuity of illness may have justified it. Furthermore, 58 %

of patients in the cohort were admitted with a primary

diagnosis of respiratory illness and 66 % of patients treated

with azithromycin had pneumonia. Current guidelines for

patients hospitalized with pneumonia recommend combi-

nation therapy with macrolides as first-line treatment [34]

and emerging data suggest that azithromycin is associated

with a reduction in 90-day mortality in patients with

pneumonia [3]. However, this study was intended to pro-

vide new information on only the risk of sustained ven-

tricular tachycardia in patients with prolonged QTc, not to

partition the global risks and benefits of azithromycin

which will vary by indication.

Our study has several limitations. First, the size of the

study may not be large enough to detect the true incidence

of antibiotic-instigated TdP. Second, the retrospective

nature of the study may introduce bias as it relies on

accurate charting. Third, the incidence of antibiotic-in-

duced Tdp is difficult to estimate, and the arrhythmia is

often self-limited, and thus may be missed. Two-thirds of

cases of SCD or syncope have no record of a preceding

arrhythmia [15]. However, a high percentage of our

patients were monitored on telemetry, which may have

aided in the identification of ventricular tachycardia. In

addition, all QTc values were measured by computer-

based analysis. Well-designed algorithms can accurately

assess the QTc 95 % of the time, and it has been sug-

gested that the detection of drug-induced effects on ECG

intervals is markedly enhanced by the use of computer-

based analysis [35]. Fourth, patients with bundle branch

blocks or implantable pacemakers were not analyzed

independently. This may have led to an overestimation of

subjects with prolonged QTc due to repolarization

abnormalities. Fifth, as 91 % of our cohort was Caucasian,

the results of this study may not be generalizable to all

populations. Finally, only short-term, in-hospital outcomes

were observed. The long-term occurrence of sustained

ventricular tachycardia following administration of azi-

thromycin in patients with prolonged QT is unknown.

However, prior studies noted the risk of cardiac death

associated with azithromycin is present only during a

course of treatment [5].

To our knowledge, this is the first study that examined

the incidence of ventricular tachycardia in patients with

prolonged QTc who were subsequently given azi-

thromycin. Although there is no consensus on the degree

of QTc prolongation that is clinically significant, caution

should be exercised when prescribing medications that

further prolong the QTc interval [36]. The Mayo Clinic

has adopted an institution-wide QTc alert system to notify

Ventricular Tachycardia After Azithromycin in Patients with Prolonged QTc 103



providers when a patient has prolonged QTc. This system

has determined that a QTc greater than 500 ms is a strong

predictor of all-cause, inpatient mortality, as seen in the

one event in this cohort. In fact, mortality rates in patients

with critically long QTc intervals are greater with

increasing numbers of modifiable risk factors for TdP

(electrolyte disturbances, polypharmacy) [37]. There is

evidence that these risk factors contribute to greater

mortality than do non-modifiable factors such as age and

gender. Institutional alert systems may help providers

mitigate modifiable risk factors, or minimize unnecessary

drug-drug interactions [37, 38]. Other drugs that prolong

the QTc require providers to monitor the patient for ECG

changes. For example, the antiarrhythmic dofetilide

should only be started in the hospital setting with serial

monitoring of the QTc and electrolytes [39]. A similar

strategy could be useful when prescribing other QTc-

prolonging medications in patients with a QTc greater

than 500 ms.

5 Conclusion

Based on the study results capturing patients treated with

multiple doses of azithromycin in the setting of QTc pro-

longation over a 3-year period, we observed that the

occurrence of sustained ventricular tachycardia in patients

with prolonged QTc interval who subsequently received

azithromycin may be less than 1 %. As azithromycin is

widely prescribed and polypharmacy becomes more

prevalent in the aging population, larger studies are needed

to fully understand the implications of using macrolides in

patients with prolonged QTc.
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