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STUDY QUESTIONS
Abstract

background

Oral erythromycin prolongs cardiac repolarization and is associated with case reports of torsades de pointes. Because erythromycin is extensively metabolized by cytochrome P-450 3A (CYP3A) isozymes, commonly used medications that inhibit the effects of CYP3A may increase plasma erythromycin concentrations, thereby increasing the risk of ventricular arrhythmias and sudden death. We studied the association between the use of erythromycin and the risk of sudden death from cardiac causes and whether this risk was increased with the concurrent use of strong inhibitors of CYP3A.

methods

We studied a previously identified Tennessee Medicaid cohort that included 1,249,943 person-years of follow-up and 1476 cases of confirmed sudden death from cardiac causes. The CYP3A inhibitors used in the study were nitroimidazole antifungal agents, diltiazem, verapamil; each doubles, at least, the area under the time–concentration curve for a CYP3A substrate. Amoxicillin, an antimicrobial agent with similar indications but which does not prolong cardiac repolarization, and former use of erythromycin also were studied, to assess possible confounding by indication.

results

The multivariate adjusted rate of sudden death from cardiac causes among patients currently using erythromycin was twice as high (incidence-rate ratio, 2.01; 95 percent confidence interval, 1.08 to 3.75; P=0.03) as that among those who had not used any of the study antibiotic medications. There was no significant increase in the risk of sudden death among former users of erythromycin (incidence-rate ratio, 0.89; 95 percent confidence interval, 0.72 to 1.09; P=0.26) or among those who were currently using amoxicillin (incidence-rate ratio, 1.18; 95 percent confidence interval, 0.59 to 2.36; P=0.65). The adjusted rate of sudden death from cardiac causes was five times as high (incidence-rate ratio, 5.35; 95 percent confidence interval, 1.72 to 16.64; P=0.004) among those who concurrently used CYP3A inhibitors and erythromycin as that among those who had used neither CYP3A inhibitors nor any of the study antibiotic medications.  In contrast, there was no increase in the risk of sudden death among those who concurrently used amoxicillin and CYP3A inhibitors or those currently using any of the study antibiotic medications who had formerly used CYP3A inhibitors.

conclusions

The concurrent use of erythromycin and strong inhibitors of CYP3A should be avoided.

Introduction
Erythromycin is a commonly used macrolide antimicrobial agent with a long history of use, and it is considered largely free of serious toxicity. However, there have been case reports of torsades de pointes in patients receiving both oral and intravenous erythromycin.1-4
An increase in the risk of torsades de pointes is consistent with the effects of erythromycin on cardiac electrophysiology; studies have shown prolongation of the QT interval5,6 and blockade of the potassium channel encoded by the human ether-a-gogo–related gene (HERG).7
There are important clinical questions that these case reports have not addressed. Although there is an association between erythromycin and serious ventricular tachyarrhythmias, the magnitude of the risk of ventricular tachyarrhythmia has not been quantified in population-based studies. Studies of the association of erythromycin and arrhythmia have focused on the intravenous use of the drug,1,6 perhaps because this use is involved in the majority of the reported cases1,3 and because the rapid rise to peak concentrations may increase the risk of 
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arrhythmia.  However, in clinical practice, this drug is usually administered orally, and the perception that oral use is not associated with arrhythmias is unsupported by data. Pharmacokinetic drug–drug interactions also may increase the risk of sudden death from cardiac causes among patients using erythromycin.  
Erythromycin is extensively metabolized by cytochrome P-450 3A (CYP3A) isozymes.8  Many other commonly used medications inhibit the metabolism of drugs that is mediated by CYP3A, including nitroimidazole antifungal agents, certain calcium-channel blockers, and some antidepressant drugs. Although there have been reports of prolonged QT intervals 9 and torsades de pointes4 among patients who were concurrently receiving oral erythromycin and CYP3A inhibitors, the clinical importance of this possible drug–drug interaction remains unclear.

In our population-based study, we sought to quantify the association between oral erythromycin and the risk of sudden death from cardiac causes, usually as the result of ventricular tachyarrhythmia. The primary questions posed in the study were whether the risk of sudden death was increased among those using oral erythromycin and whether this risk was altered by the concurrent use of erythromycin and potent inhibitors of CYP3A. To assess possible confounding by the indications for antimicrobial use, we also studied patients who were currently using amoxicillin, an antibiotic drug that is used in clinical circumstances similar to those in which erythromycin is used.

study cohort

We studied a cohort of Tennessee Medicaid enrollees10 who had been identified for previous investigations of sudden death from cardiac causes11,12 that included a review of the medical records for deaths occurring in the period from January 1, 1988, to December 31, 1993. Data on periods of enrollment in Medicaid and the demographic characteristics of each subject were included in an enrollment file that was linked with data from death certificates issued in Tennessee,13 including the date and cause of death. Data in medical-encounter files on filled prescriptions, outpatient visits, hospital admissions, and nursing home stays provided information that was used to identify the study cohort, to determine exposure to the study drugs, to identify potential cases of sudden death from cardiac causes, and to classify the members of the cohort according to preexisting cardiovascular conditions and other disease.  To be eligible for the study, subjects had to have had at least 365 days of continuous enrollment in Medicaid before entering the cohort, had to be between 15 and 84 years of age, could not be residing in a long-term care facility (except for subjects with mental disorders), and had to have no evidence of a life-threatening noncardiac illness.11,12  Persons who were receiving both erythromycin and amoxicillin were excluded. The follow-up began on January 1, 1988, or later, at the point when the criteria for enrollment in the cohort were met, and ended on December 31, 1993, the date of death, or the date on which the criteria for membership were no longer met, whichever occurred first.

use of medication

Prescriptions for erythromycin, amoxicillin, and other medications were identified from computerized Medicaid pharmacy files that included the drug, the dose, and the total medication dispensed (number of days of supply). Such records are an excellent source of data on prescription medications, because they are not subject to information bias14,15 and have a concordance of better than 90 percent with patients’ self-reports on the use of medication.15-1  Before conducting the analysis, we reviewed the literature to identify medications that are strong inhibitors of CYP3A in vivo and therefore could produce clinically important interactions with erythromycin.  The a priori requirement was published prospective data (thus, case reports were excluded) that showed a doubling or more of the area under the time–plasma concentration curve (AUC) for a recognized CYP3A substrate. Thus, the drugs included azole antifungal drugs (ketoconazole,19 itraconazole,20 and fluconazole,21 all administered systemically), diltiazem,22 verapamil,22 and troleandomycin.23  Mibefradil24 and nefazodone25  met our criteria but were not marketed during the period of the study.  Clarithromycin, a strong CYP3A inhibitor, was considered separately as a potential confounder, because it is linked with torsades de pointes and is metabolized by CYP3A. The protease inhibitors are potent CYP3A inhibitors, but the use of these drugs was considered an indicator of infection with the human immunodeficiency virus, and patients receiving them were excluded from the study. Other drugs that are commonly included on lists of CYP3A inhibitors26-29 (e.g., cimetidine) were not included,
because in vivo data showed that their effect on CYP3A substrates did not meet our criteria for a doubling or more of the AUC.

Every person-day of follow-up was classified according to the study medication used and the type of use. Current use was defined according to days of supply from the day the prescription was filled.  Nonuse of a medication was defined as no use within the previous 365 days. Former use was defined as some use of a study medication that was not current but had occurred within the previous 365 days.  The characteristics of former users of the study medication should be similar to those of current users with regard to potential risk factors for sudden death that are difficult to measure and that are associated with receiving the study medication.

sudden death from cardiac causes

The study outcome was sudden death from cardiac causes occurring in a community setting.30-33  Previous studies have suggested that 85 percent of such deaths are provoked by a ventricular tachyarrhythmia.30,31 In the present study, sudden death from cardiac causes was defined as a sudden pulseless condition that was fatal (within 48 hours) and that was consistent with a ventricular tachyarrhythmia occurring in the absence of a known noncardiac condition as the proximate cause of the death.32
Study cases11,12 were those that involved a witnessed collapse or evidence that the person was alive within 24 hours before the death was reported. We excluded deaths from cardiac arrests that occurred in a hospital or another institutional setting, that were not sudden, or for which documentation suggested the presence of an underlying noncardiac cause (e.g., substance overdose or pneumonia) or a different cardiac cause (e.g., heart failure or bradyarrhythmia).  For all deaths occurring among the study cohort during the follow-up period, we screened data from computerized death certificates and other records of medical encounters to identify potential cases that met the criteria for the study.11,12
Nurses employed by the study reviewed the records of terminal medical encounters. One of the authors, a physician, classified each death, and another author, a cardiac electrophysiologist, reviewed questionable cases; both were unaware of the patients’ medication use. Among members of the cohort there were 4404 potentially qualifying deaths. Of these, 614 (14 percent) occurred at home, with no record of a terminal medical encounter, and we were unable to obtain records for 822 deaths (19 percent). Of the 2968 deaths for which records were obtained, we excluded 174 that were the result of sudden death from cardiac causes occurring in a hospital or other institution, 505 that resulted from other causes, and 802 for which information on the circumstances of the death or the time when the subject was last known to be alive was missing from the records.  The study also excluded 11 deaths among persons who had received both erythromycin and amoxicillin within the past year (although none of the subjects were currently using these medications), leaving 1476 cases of sudden death from cardiac causes.

statistical analysis

Multivariate incidence-rate ratios and 95 percent confidence intervals were estimated with the use of Poisson regression models. Potential confounders were evaluated for each person-day of the follow-up period, including calendar year and demographic characteristics as well as measures of the use of medical care and of the presence of coexisting conditions that had been identified at medical encounters within the 365 days preceding the death. The measures of medical encounters included a low frequency of outpatient encounters (i.e., no visits to physicians or the filling of no more than one prescription), the use of antipsychotic11 and cyclic antidepressant12 drugs, serious noncardiovascular somatic disease (requiring hospital admission), and a summary score for the risk of cardiovascular disease.  
As described previously,11,12 this score was calculated on the basis of medical care received for cardiovascular disease, including the specific medications the patient was given, hospital admissions, visits to emergency departments, and visits to physicians.  The score was then classified into 10 values, with the lowest representing the absence of the diagnosis or treatment of cardiovascular disease and with the remaining 9 values approximate quantiles for the cohort.  Previous studies have reported a high degree of validity for the two main components of this score, the computerized records of medical encounters at which medications were provided14-18 and the diagnosis of cardiovascular disease that was made at the hospital.34,35 Furthermore, after adjustment for age and sex, there was a difference of a factor of eight in the risk of sudden death from cardiac causes between patients with the highest scores and those with the lowest. All statistical analyses were performed with the use of SAS software, version 8.0 (SAS Institute). All P values are two-sided. The study was approved by the Vanderbilt University Medical Center committee for the protection of human subjects, and informed consent was waived.  The study cohort included 1,249,943 person-years of follow-up. The mean age among members of the cohort was 45 years; 25 percent of the subjects were 65 years of age or older. Female subjects accounted for 70 percent of the cohort (reflecting the demographics of the population covered by Medicaid10), and 58 percent of the subjects were white. There were 22 percent who had not had a visit with a physician in the year preceding the study, and 29 percent of the subjects had filled no more than one prescription in the past year. Of the cohort, 34 percent had medical encounters in the past year related to cardiovascular disease. Of the deaths among members of the cohort, a total of 1476 met the study definition of sudden death from cardiac causes, for a rate of 1.2 deaths per 1000 person-years.  
The study included 5305 person-years of current use of erythromycin and 111,779 person-years of former use, as well as 6846 person-years of current use of amoxicillin. Current and former users of the study antibiotic drugs were slightly younger than nonusers (Table 1) and more likely to be female and white. 
results 


[image: image2.emf]After adjustment for age and sex, nonusers had fewer previous medical encounters of any kind and fewer medical encounters with reference to cardiovascular disease than did users of erythromycin or amoxicillin. However, current and former users of erythromycin and current users of amoxicillin were very similar with regard to their demographic characteristics and medical encounters in the year preceding the study related to both cardiovascular disease and other diseases.

The rate of sudden death from cardiac causes was twice as high among current users of erythromycin (incidence-rate ratio, 2.01; 95 percent confidence interval, 1.08 to 3.75; P=0.03) (Table 2) as among those who did not use any of the study antibiotic medications. In contrast, there was no significant increase in the risk of sudden death among former users of erythromycin (incidence rate ratio, 0.89; 95 percent confidence interval, 0.72 to 1.09; P=0.26) or current users of amoxicillin (incidence rate ratio, 1.18; 95 percent confidence interval, 0.59 to 2.36; P=0.65).  
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 EMBED Photoshop.Image.7 \s [image: image4.emf] There was a marked increase in the risk of sudden death from cardiac causes among concurrent users of the study CYP3A inhibitors and erythromycin (Table 3 and Fig. 1). Among these patients, there were 3 such deaths during 194 person-years of follow-up, or 15.5 deaths per 1000 person-years. In the multivariate analysis, the incidence-rate ratio was 5.35 (95 percent confidence interval, 1.72 to 16.64; P=0.004), indicating a risk of sudden death more than five times as high as that among those who used neither CYP3A inhibitors nor study antibiotics.

Among other patients currently using CYP3A inhibitors, there was no evidence of an increase in the risk of sudden death from cardiac causes among those who were concurrently using amoxicillin or those who were not currently using any of the study antibiotic medications (Table 3). There was also no evidence of an increase in the risk of sudden death from cardiac causes among those who had formerly used CYP3A inhibitors, regardless of their use or nonuse of any of the study antibiotic medications.

When we estimated the effect of specific CYP3A inhibitors that were used concurrently with erythromycin, calcium-channel blockers accounted for nearly all the person-years of follow-up and all cases of sudden death from cardiac causes. There was one death in 106 person-years among current users of diltiazem and two deaths in 78 person-years among current users of verapamil. current users of verapamil. There were no deaths in the 10 person-years of exposure to nitroimidazoles or to more than a single CYP3A inhibitor. We also identified 114 person-years of concurrent use of erythromycin and other calcium-channel blockers that did not inhibit CYP3A to a clinically important degree (nearly all for nifedipine); there were no sudden deaths from cardiac causes in this group.

We performed several supplementary analyses to determine whether the increase in the risk of sudden death from cardiac causes that was associated with the current use of erythromycin was confounded by other medications thought to predispose patients to arrhythmias. These analyses included other drugs that can cause torsades de pointes, the metabolism of which is likely to be inhibited by erythromycin (including cisapride, terfenadine, astemizole, clarithromycin, and pimozide), antiarrhythmic medications considered to cause torsades de pointes with relatively high frequency (including disopyramide, procainamide, amiodarone, and sotalol41), as well as quinidine, an antiarrhythmics drug that can cause torsades de pointes and is a CYP3A substrate,42 and other medications thought to cause torsades de pointes1 or to prolong the QT interval.43,44
The association between erythromycin and the risk of sudden death from cardiac causes was unchanged in all of these analyses.  Case reports have long suggested that erythromycin is associated with an increase in the risk of torsades de pointes. Two reviews of data from the Adverse Drug Event reporting system of the Food and Drug Administration identified 346 reports of cardiac arrhythmias2 and 82 reports consistent with torsades de pointes3 in which erythromycin was mentioned.

discussion
The present controlled study provides confirmatory evidence: the rate of sudden death from cardiac causes was twice as high among patients who were current users of oral erythromycin as among those who had not used any of the study antibiotic drugs. In contrast, those who had formerly used erythromycin or were currently using amoxicillin had no significant increase in risk. A key finding was that the risk was greatest among those concomitantly using erythromycin and the study drugs that were likely to inhibit its metabolism.  Among such patients, the risk of sudden death from cardiac causes was five times as high as that among those who were not using any of the study antibiotic drugs or CYP3A inhibitors. These findings were not affected by the concurrent use of other drugs known to increase the risk of ventricular arrhythmias the metabolism of which is inhibited by erythromycin or by use of other potentially arrhythmogenic drugs. 

There were several limitations to the study. Although the cohort included both a large number of subjects who had used the study antibiotic drugs and a large number of sudden deaths from cardiac causes, there were only 194 person-years of followup for the concurrent use of erythromycin and the study CYP3A inhibitors, with three sudden deaths from cardiac causes. Nevertheless, given the low incidence of sudden death from cardiac causes among members of the study cohort (1.2 per 1000 person-years of follow-up), this finding was significant (P=0.004) and, thus, unlikely to be due to chance. Indeed, in a similar group of patients (who were concurrently using amoxicillin and CYP3A inhibitors or were currently using amoxicillin or erythromycin and had formerly used CYP3A inhibitors), with a total of 778 person-years of follow-up, there were no sudden deaths from cardiac causes.

The study data did not include information on a variety of behavioral risk factors that are associated with cardiovascular disease, including smoking, higher body-mass index, high consumption of saturated fats, and lack of physical activity. We addressed this potential confounding in several ways.  First, adverse effects of these risk factors are likely to be mediated to a large extent by other variables, such as the presence of hyperlipidemia, hypertension, diabetes mellitus, and preexisting cardiovascular disease, such as heart failure, angina, and myocardial infarction. If such conditions were diagnosed and treated, they were controlled for in the statistical analysis. Second, the study included several control groups that, with regard to unmeasured confounders, should be very similar to the group that used erythromycin and the group that used the study CYP3A inhibitors. These control groups included concurrent users of amoxicillin and the CYP3A inhibitors, current users of erythromycin and former, not current, users of CYP3A inhibitors, and current users of erythromycin and calcium-channel blockers that do not affect CYP3A metabolism. None of these groups had an increase in the risk of sudden death from cardiac causes.

Drugs that have the potential to interact with erythromycin were restricted to the inhibitors of CYP3A for which a prospective study showed a doubling or more of the AUC of a recognized CYP3A substrate. Thus, cimetidine26 and several other less potent CYP3A inhibitors were not included in the study. We reasoned that the increase in the risk of sudden death from cardiac causes would be mediated by the increase in plasma erythromycin concentrations. Hence, drug interactions that result in small increases in erythromycin concentrations would be less likely to cause adverse clinical outcomes and thus more difficult to detect. Because erythromycin is an old drug, there are a limited number of studies on potential CYP-mediated drug–drug interactions. We thus inferred an effect of the study CYP3A inhibitors on erythromycin from their effects on other well-recognized CYP3A substrates. This inference is reasonable, since the mechanism of the interaction is understood and its effects are predictable. The study provided no direct data with regard to the mechanisms by which the concomitant use of erythromycin and the study CYP3A inhibitors increased the risk of sudden death from cardiac causes.

We believe that the most probable explanation is that the concurrent use resulted in an increase in the plasma erythromycin concentrations, thereby increasing the risk of QT prolongation (a known, dose-associated effect of erythromycin6) and thus of serious ventricular arrhythmias. However, other factors may be involved. Two calcium-channel blockers, verapamil and diltiazem, accounted for nearly all the use of CYP3A inhibitors in the study. Both drugs are CYP3A substrates, and erythromycin, a CYP3A inhibitor, is likely to increase their plasma concentrations. Furthermore, erythromycin and verapamil are also substrates and inhibitors of P-glycoprotein, a drug-efflux pump, and each could therefore alter the other’s concentration. Well-recognized consequences of an overdose of a calcium channel blocker are bradycardia, hypotension, and heart block, which can provoke sudden death from cardiac causes.45 
The cohort had limited use of clarithromycin and 


and are metabolized by CYP3A.36-40 Although the absence of such drugs from the study did not confound the association between erythromycin and the risk of sudden death from cardiac causes, the sample size was insufficient to study the independent association of these drugs with an increase in risk. Further investigations are needed. 
In conclusion, patients who used both erythromycin and the study CYP3A inhibitors had a risk of sudden death from cardiac causes that was five times as great as that among patients who had not used these drugs. Given that there are alternatives to erythromycin and to most CYP3A inhibitors, the use of this combination should be avoided in clinical practice.

Supported in part by grants from the Agency for Healthcare Research and Quality, Centers for Education and Research on Therapeutics (HS1-0384), the Food and Drug Administration (FD-U- 001641), and the National Institutes of Health (GM-31304) and by a contract wth Janssen Pharmaceutica. Dr. Ray reports having served as a consultant to Pfizer and Bristol-Myers Squibb, receiving research funding from Pfizer, and having provided expert testimony for litigation involving cerivastatin, fenfluramine derivatives, and rofecoxib. Dr. Murray reports having served as a consultant to Procter & Gamble. Dr. Stein reports having served as a consultant to Bristol-Myers Squibb.  We are indebted to the Tennessee Bureau of TennCare and the

Tennessee Department of Health, which provided the study data.




references

1.  De Ponti F, Poluzzi E, Montanaro N. QTinterval prolongation by non-cardiac drugs:  lessons to be learned from recent experience.  Eur J Clin Pharmacol 2000;56:1-18.

2.  Drici MD, Knollmann BC, Wang WX, Woosley RL. Cardiac actions of erythromycin:  influence of female sex. JAMA 1998; 280:1774-6.

3.  Shaffer D, Singer S, Korvick J, Honig P. Concomitant risk factors in reports of torsades de pointes associated with macrolide use: review of the United States Food and Drug Administration Adverse Event Reporting System. Clin Infect Dis 2002;35:197- 200.

4.  Koh TW. Risk of torsades de pointes from oral erythromycin with concomitant carbimazole (methimazole) administration. Pacing Clin Electrophysiol 2001;24:1575-6.

5.  Vogt AW, Zollo RA. Long Q-T syndrome associated with oral erythromycin used in preoperative bowel preparation. Anesth Analg 1997;85:1011-3.

6.  Tschida SJ, Guay DRP, Straka RJ, Hoey, LL, Johanning R, Vance-Bryan K. QTc-interval prolongation associated with slow intravenous erythromycin lactobionate infusions in critically ill patients: a prospective evaluation and review of the literature. Pharmacotherapy 1996;16:663-74.

7.  Stanat SJC, Carlton CG, Crumb WJ Jr, Agrawal KC, Clarkson CW. Characterization of the inhibitory effects of erythromycin and clarithromycin on the HERG potassium channel. Mol Cell Biochem 2003;254:1-7. 
8.  Paine MF, Wagner DA, Hoffmaster KA, Watkins PB. Cytochrome P450 3A4 and P-glycoprotein mediate the interaction between an oral erythromycin breath test and rifampin. Clin Pharmacol Ther 2002;72:524-35.

9.  Goldschmidt N, Azaz-Livshits T, Gotsman

I, Nir-Paz R, Ben-Yehuda A, Muszkat M. Compound cardiac toxicity of oral erythromycin and verapamil. Ann Pharmacother 2001;35:1396-9.

10.  Ray WA, Griffin MR. Use of Medicaid data for pharmacoepidemiology. Am J Epidemiol 1989;129:837-49.

11.  Ray WA, Meredith S, Thapa PB, Meador KG, Hall K, Murray KT. Antipsychotics and the risk of sudden cardiac death. Arch Gen Psychiatry 2001;58:1161-7.

12.  Ray WA, Meredith S, Thapa PB, Hall K, Murray KT. Cyclic antidepressants and the

risk of sudden cardiac death. Clin Pharmacol

Ther 2004;75:234-41.

13.  Piper JM, Ray WA, Griffin MR, Fought R, Daugherty JR, Mitchel E Jr. Methodological issues in evaluating expanded Medicaid coverage for pregnant women. Am J Epidemiol 1990;132:561-71.

14.  Strom BL, Carson JL. Use of automated databases for pharmacoepidemiology research.  Epidemiol Rev 1990;12:87-107.

15.  West SL, Savitz DA, Koch G, Strom BL, Guess HA, Hartzema A. Recall accuracy for prescription medications: self-report compared with database information. Am J Epidemiol 1995;142:1103-12.

16.  Landry JA, Smyer MA, Tubman JG, Lago DJ, Simonson W. Validation of two methods of data collection of self-reported medicine use among the elderly. Gerontologist 1988; 28:672-6.

17.  Leister KA, Edwards WA, Christensen DB, Clark H. A comparison of patient drug regimens as viewed by the physician, pharmacist and patient. Med Care 1981;24:658-64.

18.  Johnson RE, Vollmer WM. Comparing sources of drug data about the elderly. J Am Geriatr Soc 1991;39:1079-84. 
19.  Olkkola KT, Backman JT, Neuvonen PJ.  Midazolam should be avoided in patients receiving the systemic antimycotics Ketoconazole or itraconazole. Clin Pharmacol Ther  1994;55:481-5.

20.  Kivisto KT, Lamberg TS, Kantola T, Neuvonen PJ. Plasma buspirone concentrations are greatly increased by erythromycin and itraconazole. Clin Pharmacol Ther  1997;62:348-54.

21.  Ahonen J, Olkkola KT, Neuvonen PJ. Effect of route of administration of fluconazole on the interaction between fluconazole and midazolam. Eur J Clin Pharmacol 1997;51:415-9. 
22.  Lamberg TS, Kivisto KT, Neuvonen PJ. Effects of verapamil and diltiazem on the pharmacokinetics and pharmacodynamics of buspirone. Clin Pharmacol Ther 1998;63:640-5.

23.  Warot D, Bergougnan L, Lamiable D, et al. Troleandomycin-triazolam interaction in healthy volunteers: pharmacokinetic and psychometric evaluation. Eur J Clin Pharmacol 1987;32:389-93.

24.  Varis T, Backman JT, Kivisto KT, Neuvonen PJ. Diltiazem and mibefradil increase the plasma concentrations and greatly enhance the adrenal-suppressant effect of oral methylprednisolone. Clin Pharmacol Ther 2000;67:215-21.

25.  Abernethy DR, Barbey JT, Franc J, et al.  Loratadine and terfenadine interaction with

nefazodone: both antihistamines are associated with QTc prolongation. Clin Pharmacol Ther 2001;69:96-103.

26.  Kirch W, Janisch HD, Ohnhaus EE, van Peer A. Cisapride-cimetidine interaction:  enhanced cisapride bioavailability and accelerated cimetidine absorption. Ther Drug Monit 1989;11:411-4.

27.  Lam YW, Alfaro CL, Ereshefsky L, Miller M. Pharmacokinetic and pharmacodynamic interactions of oral midazolam with ketoconazole, fluoxetine, fluvoxamine, and nefazodone.  J Clin Pharmacol 2003;43:1274-82.

28.  Simard C, O’Hara GE, Prevost J, Guilbaud R, Massee R, Turgeon J. Study of the drug-drug interaction between simvastatin and cisapride in man. Eur J Clin Pharmacol 2001;57:229-34.

29.  Nicolau DP, Uber WE, Crumbley AJ III, Strange C. Amiodarone-cyclosporine interaction in a heart transplant patient. J Heart Lung Transplant 1992;11:564-8.

30.  Marcus FI, Cobb LA, Edwards JE, et al. Mechanism of death and prevalence of myocardial ischemic symptoms in the terminal event after acute myocardial infarction. Am J Cardiol 1988;61:8-15.

31.  Hinkle LE Jr, Thaler HT. Clinical classification of cardiac deaths. Circulation 1982; 65:457-64.

32.  Siscovick DS, Raghunathan TE, Psaty BM, et al. Diuretic therapy for hypertension and the risk of primary cardiac arrest.  N Engl J Med 1994;330:1852-7.

33.  Albert CM, Hennekens CH, O’Donnell CJ, et al. Fish consumption and risk of sudden cardiac death. JAMA 1998;279:23-8.

34.  Fisher ES, Whaley FS, Krushat WM, et al. The accuracy of Medicare’s hospital claims data: progress has been made, but problems remain. Am J Public Health 1992; 82:243-8.

35.  Rawson NSB, Malcolm E. Validity of the recording of ischaemic heart disease and chronic obstructive pulmonary disease in the Saskatchewan health care datafiles. Stat Med 1995;14:2627-43.

36.  Wiseman LR, Faulds D. Cisapride: an updated review of its pharmacology and therapeutic efficacy as a prokinetic agent in gastrointestinal motility disorders. Drugs 1994;47:116-52.

37.  Monahan BP, Ferguson CL, Killeavy ES, Lloyd BK, Troy J, Cantilena LR Jr. Torsades de pointes occurring in association with terfenadine use. JAMA 1990;264:2788-90.

38.  Matsumoto S, Yamazoe Y. Involvement of multiple human cytochromes P450 in the liver microsomal metabolism of astemizole and a comparison with terfenadine. Br J Clin Pharmacol 2001;51:133-42.

39.  Ouellet D, Hsu A, Granneman GR, et al. Pharmacokinetic interaction between ritonavir and clarithromycin. Clin Pharmacol Ther 1998;64:355-62.

40.  Desta Z, Kerbusch T, Soukhova N, Richard E, Ko JW, Flockhart DA. Identification and characterization of human cytochrome P450 isoforms interacting with pimozide.  J Pharmacol Exp Ther 1998;285:428-37.

41.  Murray KT, Roden DM. Disorders of cardiac repolarization: the long QT syndromes.  In: Crawford MH, DiMarco JO, Paulus WJ, eds. Cardiology. St. Louis: Mosby, 2004:765-74.

42.  Damkier P, Hansen LL, Brosen K. Effect of diclofenac, disulfiram, itraconazole, grapefruit juice and erythromycin on the pharmacokinetics of quinidine. Br J Clin Pharmacol 1999;48:829-38.

43.  Curtis LH, Ostbye T, Sendersky V, et al. Prescription of QT-prolonging drugs in a cohort of about 5 million outpatients. Am J Med 2003;114:135-41.

44.  Gil M, Sala M, Anguera I, et al. QT prolongation and torsades de pointes in patients infected with human immunodeficiency virus and treated with methadone.  Am J Cardiol 2003;92:995-7.

45.  Hofer CA, Smith JK, Tenholder MF. Verapamil intoxication: a literature review of overdoses and discussion of therapeutic options.  Am J Med 1993;95:431-8.

GLOSSARY

95 percent confidence interval, 1.08 to 3.75 – this statement means that the investigators are 95% certain that the true incidence-rate ratio (which they estimated to be 2.01) ratio lies somewhere in the interval from 1.08 to 3.75.  Because the interval doesn’t include 1.00, the investigators believe that taking erythromycin really does increase the risk of sudden cardiac death.





 


back


a priori – something established beforehand; often used to describe an investigator’s expectations or experimental design requirements when initiating a new experimental procedure.  Thus, an investigator might say “A priori, we expected that the experimental drug would cause an increase in heart rate, so we connected the experimental subjects to an ECG machine to obtain recordings of heart activity.”  In this paper, the authors’ a priori requirement was that there be “published data – in the form of at least a two-fold increase in the area under the time-concentration curve (AUC) – demonstrating that the xenobiotics they included in this study were strong inhibitors of CYP3A.”  In other words, ‘data’ from a simple case report of somebody suffering sudden cardiac death while taking a combination of erythromycin and some other drug would not be included in the study.


back


angina – a heart condition marked by paroxysms of severe chest pain that occur when the heart muscle is deprived of oxygen.  Frequently the result of narrowing of the lumen of the coronary arteries that supply oxygenated blood to the heart, angina can indicate the presence of a life-threatening disease state.  Severe angina is often treated by coronary artery bypass surgery, which reestablishes adequate blood supply to the heart.
back


antiarrhythmic medications – drugs used to treat cardiac arrhythmia ( = abnormal electrical activity of the heart, as evidenced by an abnormal electrocardiogram)






back


antimicrobial agent with similar indications – this statement means that amoxicillin can be used to treat the same types of bacterial infections as erythromycin






back


area under the time–concentration curve (AUC) – a measure of the total dose of a compound that tissues are exposed to, calculated from the graph of concentration versus time.  The units are mg-h (e.g., if the tissues were exposed to an average dose of 15 mg for 3 hours, you’d get an AUC of 45 mg-h).  The greater the area under the curve, the higher the effective dose.








back


arrhythmogenic – anything – especially a drug – that can induce cardiac arrhythmias. The postscript -gen means “to cause or produce”. 










back


astemizole – a non-sedating antihistamine used to treat symptoms of hay fever



back 

bradyarrhythmia –the opposite of tachyarrhythmias.  In bradyarrhythmia, the heart beats more slowly than normal, usually because of some abnormality in its electrical activity (brady = Greek for “slow”).  May cause dizziness or even fainting, but bradyarrhythmias are usually not so serious a threat to life as tachyarrhythmias.  Cardiac pacemakers are used to treat certain forms of bradyarrhythmia





back


cardiac repolarization – what the heart does electrically when it’s relaxing between contractions.  The timing and pattern of repolarization is critical; deviations from the normal pattern – e.g., repolarizing too slowly or too quickly, or improper progression of the repolarization from one part of the heart to another – can impair cardiac function and lead to cardiac arrest and death









back


Cimetidine – sold as Tagamet, this is an anti-histamine that reduces secretion of hydrochloric acid by the stomach.  Used to treat gastric ulcers and gastric reflux disease.






back


cisapride – a smooth muscle stimulant that causes enhanced contraction of the sphincter that separates the esophagus from the stomach; used to treat gastric reflux disease





back


Clarithromycin – a semi-synthetic macrolide antibiotic, similar in its action to erythromycin; very effective in the treatment of gastric ulcers, because of its effectiveness against the causative organism, the bacterium, Helicobacter pylori.










back


diltiazem, verapamil – calcium channel blockers that slow the heart rate and cause dilation of blood vessels throughout the body; used to treat certain forms of hypertension (high blood pressure)


back

heart failure –  impaired ability of the heart to pump enough blood to sustain normal bodily function; can result from many causes including coronary artery disease, myocardial infarction (commonly referred to as a “heart attack”), or damage to heart muscle resulting from bacterial/viral infections, or alcohol/drug abuse.  One type, congestive heart failure, is often seen in patients with a long history of high blood pressure




back


human ether-a-go-go–related gene – termed the ether-a-go-go gene because when ether is used to anesthetize Drosophila melanogaster, individual flies that possess a mutant form of this gene shiver and gyrate wildly. somewhat akin to a human go-go dancer. (at least in the eyes of the possibly drug-addled scientist who named the gene…).  The product of this gene is a protein that forms potassium channels in plasma membranes of nerve and heart muscle cells.  In humans, normal function of this channel is crucial to normal electrical activity of the heart, and a mutation of this gene commonly seen in humans is associated with prolonged QT intervals and concominant increased risk of sudden cardiac death.  Macrolide antibiotics block this channel (that’s not the mechanism for their antibacterial effect, however), and can thus lead to prolonged QT intervals and put an individual taken them at increased risk of sudden cardiac death..








back


hyperlipidemia – elevated levels of lipid (especially cholesterol and triglycerides) in the blood.  Hyperlipidemia is a well-documented risk factor for heart attacks.







back


hypertension – abnormally high blood pressure.  Unfortunately, hypertension is often asymptomatic until it causes damage to the kidneys, heart, or even the brain.  






back


hypotension – abnormally low blood pressure.  Symptoms include dizziness or even syncope (fainting)
back

in vivo – experiments conducted using living organisms, as opposed to in vitro studies, which are conducted in a Petri dish, reaction vessel, or some other artificial experimental apparatus.  Results of in vivo studies are generally better predictors of how a xenobiotic (drug, toxin, etc.) is actually going to affect living animals than are results of in vitro studies, but in vitro studies usually tell us more about a xenobiotic’s mechanism of action.

back


incidence-rate ratio, 2.01 – this is a number that researchers calculate from their data, using a mathematical formula.  The value of 2.01 is why the authors state that “rate of sudden death from cardiac causes among patients currently using erythromycin was twice as high… as that among those who had not used any of the study antibiotic medications.”  If erythromycin had no effect on the rate of sudden cardiac death, the ratio would have had a value of 1.0.












back


myocardial infarction – destruction of heart tissue resulting from interruption of blood supply to part of the heart.  The damaged heart tissue can generate abnormal patterns of electrical activity in the heart that can, in turn, progress to a fatal cardiac arrhythmia.  Historically, this is what the term “heart attack” referred to, although ‘simple’ angina is more and more often being referred to as a heart attack in the media and conversation.

back


P=0.03 – means that there’s only a 3% probability that the incidence-rate ratio of 2.01 was simply a chance event in this study.  Put another way, the investigators are 97% confident that they are correct when they conclude that erythromycin was the cause of the excess cardiac deaths in the patients they studied.


back


pimozide – a drug used to treat chronic psychoses, particularly certain forms of schizophrenia, and the symptoms of Tourette’s Syndrome










back


prolonged QT intervals – a type of abnormality seen in an ECG tracing when the heart is not repolarizing normally.  A number of ion-channel gene mutants have been associated with Long Q-T Syndrome (LQTS), but electrolyte imbalances and a number of drugs can cause it, as well.  Whatever the cause, a prolonged QT interval is serious, as it can lead to any of a number of ventricular arrhythmias, some of which (e.g., torsades des pointes) can have a fatal outcome.









back


protease inhibitors – drugs used to treat Human Immunodeficiency Virus (HIV) infections.  Protease inhibitors interfere with the ability of the virus to replicate properly.






back


terfenadine – a non-sedating antihistamine, with profound cardiotoxic effects.



back


torsades des pointes – an extremely serious type of cardiac arrhythmia ( = abnormal electrical activity in the heart) that can lead to cardiac arrest and death.   
	Normal ECG

(two ‘heartbeats’ are shown)
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	Abnormal ECG, illustrating Torsade des Pointes

(seen in the right half of the tracing)
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Torsades des pointes is French for “twisting of the points”.  In the right half of the lower tracing above, notice how, midway through, the tracing starts out with a tall upward-pointing peak that gets progressively smaller, then seems to disappear, only to ‘reappear’ as a  downward-pointing peak that gets progressively larger with each beat, then seems to get smaller again.  It’s almost as though the ‘points’ of the tracing are rotating, or twisting, around an imaginary horizontal line, first pointing upward, then gradually twisting until they point downward, and so on.  Hence, “torsades des pointes”.









back


ventricular arrhythmias – abnormal electrical activity involving the ventricles (the parts of the heart that actually pump blood to the lungs and body).  Ventricular arrhythmias such as Torsade de Pointes are the among the most serious and life-threatening types of cardiac arrhythmias.  See also cardiac repolarization.

back


ventricular tachyarrhythmias – a form of ventricular arrhythmia (see previous entry) that causes the heart to beat too rapidly (tachy = Greek for “swift” or “fast”); can lead to cardiac arrest and death.  (note that the authors later state that “85 percent of these [sudden cardiac-caused] deaths are provoked by a ventricular tachyarrhythmia”).  Compare with bradyarrhythmia.









back


Study Questions for Ray et al., 2004







Top
1. Look up the definition of hypothesis.  What were the hypotheses that Ray et al. proposed to test?

2. How was the study designed to test their hypotheses?
3. How were subjects selected for inclusion in the study?  Do you feel the investigators were rigorous or lax in their selection process?  

4. Why did the investigators include people taking amoxicillin in the study?  Why were patients who were taking a CYP3A inhibitor included in the study?

5. Why did the investigators do supplemental analyses of patients taking other medications thought to predispose patients to arrhythmias?
6. What is the significance of the author’s statement (second sentence in the Discussion) that “those who had formerly used erythromycin or were currently using amoxicillin had no significant increase in risk.”.
7. What criteria did the investigators use to decide whether their hypotheses were supported or not?

8. The investigators frequently use the terms “person-day” and “person-years”.  What do they mean by this?  (you may have to use the Web to find a definition for this…)

9. How many sudden cardiac deaths actually occurred in the control group of patients?  Out of how many patients?  How many ‘extra’ deaths attributable to cardiac causes occurred in the patients receiving erythromycin (i) with or (ii) without a CYP3A inhibitor?
10. Do you feel that the investigators’ interpretation of their results was justified?  That is, do you feel that their data and analyses supported their hypotheses?  Justify your answer.

11.  Use the Web to find a mechanism for erythromycin’s impact on the heart.  Does knowing the mechanistic basis for erythromycin’s effect on the heart’s electrical activity make the investigators’ conclusions more believable to you, or less believable?  Or, does it make no difference?

12. What did you feel were the strong points of the study?

13. What did you feel were the weak points of the study?

14. What, if anything, was most surprising about the paper?  

15. What was the most interesting thing you learned from reading the paper?
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