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An observational, historical cohort evaluation was 
p&ormed to examine the hypothesis that terferr 
adine (S&lane@) exposure i- sthefiskof 
developin% liireatening ventricular arrhytk 
mias. The study populatii consisted of Medicaid 
recipients from 4 states that were imluded in the 
Computerized OrrLine Medical Pharmaceutical 
Analysis and Surveillance System (COMPASS). 
The drug exposure period was defined prosper 
tively as 30 days in all treatment cohorts. The pri- 
mary end point was the development of life 
threatening ventricular arrhythmias (ventricular 
tachycardia, fibrillation and flutter, and cardiac ar- 
rest and sudd- death). lhe comparSson cohorts 
included terfenadine (n = 181,672), ov&h* 
counter antihistamines (n = 160,669), ibuprofen 
(n = l6l,672) and demas&e (Davis@ n = 63,166). 

Over the exposure pmiod, a total of 317 Ii* 
threatening ventricular tiythmic events oc- 
cutred, 244 of which were cardiac Ms. The irr 
cidence of total He-threatening ventricular ar- 
rhythmic events and cardiac m were more 
frequent in patients receiving over-the-counter arr 
tihistamiv (relative risk 0.36) than in those CB 
ceiving tetfenadine, a finding that was consistent 
across all subgroups. There was no increased risk 
of We-threatening ventricular arrhythmias in the 
terfenadine cohort as compared with the ibup 
fen cohort (relative risk O&2), and in some analy- 
ses, the ibuprofen cohort had a significantly high, 
er atiythmic event rate. In all comparisons with 
the clemastine cohort, the terfenadine cohort had 
a statistically indistinguishable relative risk 
(1.06). Age, race, sex and cardiovascular risk 
were all considered in the adjusted relativerisk 
analyses. No baseline historical characteristic or 
imbalance of baseline medications explained tbe 
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diirences between groups. The previously de 
suibed interaction between terfenadine and kete 
conazole was identiied (relative risk of terfena 
dine 23.56; p <O.OOl), and a trend was observed 
with erythromycin (relative risk 1.38; p = NS). 

(Am J Cardiol l-73:-) 

T erfenadine is marketed in the United States under 
the trademark Seldane” as a prescription drug in- 
dicated for the treatment of seasonal allergic 

rhinitis. It has been marketed worldwide for more than 
a decade with a safety experience in >100 million pa- 
tients. However, in the past few years, individual case 
reports have alerted the pharmaceutical company and the 
Food and Drug Administration (FDA) to a relationship 
between the administration of terfenadine and life-threat- 
ening ventricular arrhythmias, including torsades de 
pointes ventricular tachycardia.1-4 Some compounds, es- 
pecially ketoconazole, interfere with the normal hepatic 
metabolic degradation resulting in an accumulation of 
native terfenadine, which has a significant effect on re- 
polarization manifested by an increase in QT interval on 
the scalar electrocardiogram.4v5 This potentially serious 
drug interaction, as well as an interaction with macrolide 
antibiotics,6 led the FDA to relabel terfenadine, con- 
traindicating these drug combinations. 

However, the larger, unresolved public health ques- 
tion is: Does the administration of terfenadine to the 
population as a whole represent any increased risk for 
developing fatal arrhythmias? Although reliance on ran- 
dom, infrequent, adverse event reports is a good tool for 
initial surveillance,’ it cannot provide insight into the 
magnitude of this important public health question. 
However, because of the clinical importance of detect- 
ing even an extremely low incidence of terfenadine-re- 
lated, life-threatening ventricular arrhythmias, the only 
feasible approach is to use a data base that enables the 
identification of large numbers of subjects who receive 
terfenadine and comparison drugs.*-’ 1 

METHODS 
The data base chosen was the Computerized On-Line 

Medical Pharmaceutical Analysis and Surveillance Sys- 
tem (COMPASS), which is maintained by Health Infor- 
mation Designs Inc. The data of 4 state Medicaid pro- 
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TABLE I Demographic Characteristics of Patients in the Medicaid Data Base 

Terfenadine 
OTC 

Antihistamine Ibuprofen Clemastine 

Number of patients 
Number of 

prescriptions 
Age (%) 

O-19 years 
20-44 years 
45-64 years 
65-74 years 
> 75 years 

Sex (%) 
Male 
Female 

Race 
White 
Nonwhite 

Cardiovascular status 
High risk 
Not high risk 

OTC = over-the-counter. 

181,672 150,689 181,672 83,156 

366,814 292,525 371,659 135,713 

16.2 15.4 13.3 37.4 
48.1 32.8 42.8 40.4 
17.9 15.1 19.4 11.2 

8.4 9.4 10.4 4.8 
9.4 27.2 14.1 6.2 

22.1 31.1 20.6 30.1 
77.9 68.9 79.4 69.9 

68.2 70.0 67.7 61.0 
31.8 30.0 32.3 39.0 

31.8 28.1 25.5 22.3 
68.2 71.9 74.5 77.7 

grams were selected. The COMPASS data base is a lon- 
gitudinal claims data base from which consistent out- 
come classification was obtained, and careful attention 
to quality assurance and control methodology were 
used.8 Diagnoses are classified according to the Intema- 
tional Classification of Diseases, 9th Revision, Clinical 
Modification (ICD-PCM) coding scheme. The hypoth- 
esis to be tested was that terfenadine exposure is asso- 
ciated with an increased risk of developing life-threat- 
ening ventricular arrhythmias. The design and perfor- 
mance of the research were delineated prospectively, 
emphasizing the maintenance of scientific integrity. To 
examine the role of concomitant drug therapy and the 
evaluation of intermittent drug exposures, we chose a 
prescription-based analysis, considering the outcome 
from each drug exposure as an independent event. 

Terfenadine and 3 comparison drugs were studied. 
Practical considerations led to the selection of these 3 
comparison cohorts that were all available (in the peri- 
od 1986 to 1990) in the COMPASS Medicaid data base. 
The comparison groups were as follows: (1) over-the- 
counter (OTC) antihistamines, selected because they are 
widely available and frequently used for indications sim- 
ilar to those of terfenadine. This group consisted pri- 
marily of diphenhydramine (94%), with the remaining 
6% representing chlorpheniramine, brompheniramine 
and triprolidine; (2) ibuprofen, a nonantihistamine con- 
trol, selected because of no known cardiac arrhythmic 
toxicity; and (3) clemastine, selected because it was a 
more recently approved OTC antihistamine, whose la- 
beled indication is essentially identical to that of terfen- 
adine (seasonal allergic rhinitis). Thus, this is a compar- 
ison drug without confounding by indication. 

To ensure identical exposure periods, we delined the 
exposure period as 30 days in all 4 cohorts; however, a 
7-day period was analyzed also. Patients who received 
terfenadine together with a comparison drug at any time 
were considered in the terfenadine cohort. Patients who 
were included in the OTC antihistamine, ibuprofen, and 
clemastine cohorts had no known terfenadine exposure. 

We selected the codes most closely related to life-threat- 
ening ventricular arrhythmias to be the primary study 
end point; these included paroxysmal ventricular tachy- 
cardia, ventricular fibrillation and flutter, cardiac arrest 
and sudden death. Torsades de pointes ventricular tachy- 
cardia was not coded separately. Lethal episodes of tor- 
sades de pointes would be detected under 1 code se- 
lected as the primary end point (e.g., cardiac arrest). 

To validate outcomes identified in the data base and 
identify cases of torsades de pointes ventricular tachy- 
cardia, we requested medical records of all inpatient 
claims for arrhythmia and sudden death. To identify pa- 
tients who died due to life-threatening ventricular ar- 
rhythmia before hospitalization, we requested records of 
all outpatient claims for ventricular arrhythmia or sud- 
den death occurring in those who were lost to follow- 
up within 1 day of the outpatient claim. Investigators re- 
trieving medical records were unaware of the study co- 
hort. Independent, blinded review was performed by a 
cardiologist outside the study. We prospectively defined 
a subgroup with documented cardiovascular disease 
(high risk) who were more likely to develop a life- 
threatening ventricular proarrhythmia. 12-20 This sub- 
group included subjects with myocardial infarction, cor- 
onary artery disease, congestive heart failure, hypokale- 
mia, hypomagnesemia, history of cardiac arrhythmias or 
antiarrhythmic therapy, cardiac glycosides, and rheu- 
matic and congenital heart disease. We independently 
analyzed the high-risk subgroup from the remaining 
population that comprised a non-high-risk subgroup. 
The other prospective subgroup analyses specified were 
ketoconazole, erythromycin and liver disease. 

Statistical methodology: Standard epidemiologic 
and statistical procedures were used. Demographic char- 
acteristics of subjects were summarized using per- 
centages. Crude relative risks and 95% conftdence inter- 
vals were calculated, comparing the risk of terfenadine- 
associated, life-threatening ventricular arrhythmias with 
that of each comparison cohort. Logistic regression pro- 
cedures were used to assess the risk for development of 
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TABLE II Individual Data for Development of Life-Threatening Ventricular Arrhythmias in 
the Total Study Cohort 

Terfenadine 
OTC 

Antihistamine Ibuprofen Clemastine 

Number of subjects 181,672 150,689 181,672 83,156 
Number of prescriptions 366,814 292,525 371,659 135,713 
Days of F/U per prescripbon 30 30 30 30 
Cardiac arrest 47 106$ 81t. 10 
Other life-threatening ventricular 21 22 23 7 

arrhythmias* 
Total 68 128$ 1045 17 
Events/lO,OOO prescnptionst 1.8 4.4 2.8 1.2 

*Includesventrlcularfibrillation, flutter, fibrillation/flutterand tachycardia, and sudden death. 
tRepresents crude rates unadjusted for differences in risk. 
$p 10.001; §p <O.Ol, compared with terfenadme. 
F/U = follow-up; OTC = over-the-counter, 

I 
TABLE Ill Relative Risk for Life-Threatening Ventricular Arrhythmias: Tetfenadine in 
Relation to Each Comparison Drug 

Crude Analysis Adjusted Analysis* 

No. of Relative Confidence P Relative Confidence P 
Cohort Events Risk Interval Value Risk Interval Value 

Full cohort 
Terfenadine 68 
OTC 128 0.42 0.32-0.57 <O.OOl 0.36 0.27-0.50 <O.OOl 
Ibuprofen 104 0.66 0.49-0.90 <O.Ol 0.62 0.45-0.85 <O.Ol 
Clemastine 17 1.48 0.87-2.52 0.15 1.08 0.63-1.85 0.79 

High risk 
Tetfenadine 53 
OTC 93 0.40 0.29-0.56 <O.OOl 0.37 0.26-0.52 <O.OOl 
Ibuprofen 73 0.59 0.41-0.84 <O.Ol 0.61 0.43-0.88 <O.Ol 
Clemastine 12 1.15 0.61-2.15 0.67 1.05 0.56-1.99 0.88 

Not high risk 
Tetfenadine 15 
OTC 35 0.36 0.20-0.66 <O.Ol 0.35 0.19-0.67 <O.Ol 
Ibuprofen 37 0.54 0.29-0.99 0.04 0.65 0.35-1.22 0.18 
Clemastine 5 1.26 0.46-3.48 0.65 1.18 0.42-3.35 0.75 

Male 
Terfenadine 19 
OTC 41 0.52 0.30-0.89 0.02 0.46 0.26-0.81 <O.Ol 
Ibuprofen 22 0.82 0.44-1.51 0.51 0.83 0.45-1.55 0.57 
Clemastine 7 1.37 0.58-3.25 0.48 0.88 0.36-2.14 0.77 

Female 
Terfenadine 49 
OTC 87 0.40 0.28-0.56 <O.OOl 0.33 0.22-0.47 <O.OOl 
Ibuprofen 82 0.62 0.43-0.88 <O.Ol 0.56 0.39-0.81 <O.Ol 
Clemastine 10 1.63 0.83-3.21 0.16 1.21 0.61-2.41 0.58 

*See Methods. 
OTC = over-the-counter. 

life-threatening ventricular arrhythmias on terfenadine 
with that of each comparison cohort. A p value co.05 
was used to assess the statistical significance of the lind- 
ings. Because it is important to adjust for covariates 
known to have prognostic significance for the develop- 
ment of life-threatening ventricular arrhythmias, several 
logistic regression models were analyzed. Models in- 
cluded age, sex, race, high-risk cardiovascular status, 
presence of hepatic disease, and concomitant use of ke- 
toconazole or erythromycti, this provided a relative risk 
for terfenadine-associated, life-threatening ventricular ar- 
rhythmias after adjustment. Sample size and power were 
computed under conventional assumptions for a di- 

chotomous end point, with a 2-sided OL error of 0.0K2’ 

RESULTS 
Patient populatiom The COMPASS data base co- 

hort comprised >596,000 patients. Life-threatening ven- 
tricular arrhythmias were evaluated using the expe- 
riential data base of 1,165,OOO prescriptions in the 4 drug 
cohorts over the 30&y exposure window. The size of 
the data base provided large cohorts in all age groups, 
in both sexes and across races, enabling the study of 
subgroups (Table I). Patients in the OTC antihistamine 
and ibuprofen groups were older than in the terfenadine 
cohort, whereas those in the clemastine cohort were 
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r TABLE IV Relative Risk for Life-Threatening Ventricular Arrhythmias: Terfenadine Versus 
Comparison Drug Use by Age 

Crude Analysis Adjusted Analysis* 

No. of Relative Confidence P Relative Confidence P 
Cohort Events Risk Interval Value Risk Interval Value 

Full cohort 
Terfenadine 68 
OTC 128 0.42 0.32-0.57 <O.OOl 0.36 0.27-0.50 <O.OOl 
Ibuprofen 104 0.66 0.49-0.90 0.01 0.62 0.45-0.85 <O.Ol 
Clemastine 17 1.48 0.87-2.52 0.15 1.08 0.63-1.85 0.79 

Age O-l 9 years 
Terfenadine 4 
OTC 1 3.04 0.34-27.21 0.30 2.26 0.22-22.73 0.49 
Ibuprofen 1 3.32 0.37-29.72 0.22 2.28 0.25-20.97 0.47 
Clemastine o- - - - 

Age 20-44 years 
Terfenadine 18 
OTC 24 0.41 0.22-0.75 <O.Ol 0.31 0.16-0.59 <O.OOl 
Ibuprofen 13 1.25 0.61-2.55 0.54 0.90 0.44-1.88 0.79 
Clemastine 3 1.86 0.55-6.32 0.31 2.06 0.60-7.07 0.25 

Age 45-64 years 
Terfenadine 32 
OTC 44 0.49 0.31-0.77 <O.Ol 0.37 0.23-0.60 <O.OOl 
Ibuprofen 45 0.78 0.50-1.22 0.28 0.67 0.42-1.06 0.09 
Clemastine 9 0.82 0.39-1.72 0.60 0.74 0.35-1.57 0.43 

Age 65-74 years 
Terfenadine 4 
OTC 22 0.16 0.06-0.47 <O.OOl 0.12 0.04-0.34 <O.OOl 
Ibuprofen 19 0.27 0.09-0.78 0.01 0.20 0.07-0.59 <O.Ol 
Clemastine 1 0.85 0.10-7.62 0.88 1.02 0.11-9.15 0.98 

Age > 75 years 
Terfenadine 10 
OTC 37 0.63 0.31-1.26 0.18 0.53 0.26-1.06 0.07 
Ibuprofen 26 0.59 0.28-l .22 0.15 0.54 0.26-1.13 0.10 
Clemastine 4 0.61 0.19-1.95 0.40 0.65 0.20-2.10 0.47 

*See Methods. 
OTC = over-the-counter. 

younger. A larger percentage of patients in the terfena- 
dine cohort were in the high-risk subgroup, and terfen- 
adine-treated patients more frequently had congenital 
heart disease (both p <O.OOl vs comparators). This pre- 
scription analysis enabled the evaluation of patients with 
only one 30-day exposure, as well as those with many 
exposures to 1 of the 4 cohort drugs. The percentages 
of patients in each cohort who had only 1 drug expo- 
sure were as follows: terfenadine, 63%; OTC antihis- 
tamines, 70%; ibuprofen, 63%; and clemastine, 51%. 

ckqaaaldratesawlrelativelisksdmd 
dng ventricular anhythmias: In all, 317 life-threat- 
ening ventricular arrhythmias occurred, 244 of which 
were cardiac arrests (Table II). Although this was a pre- 
scription-based analysis, no patient had >l life-tbreaten- 
ing ventricular arrhythmia. In comparison with patients 
on terfenadine, those on OTC antihistamines and ibupro- 
fen had a higher rate of life-threatening ventricular ar- 
rhythmias. The rates for terfenadine and clemastine were 
statistically indistinguishable. In subset analysis, the rel- 
ative risk for developing a life-threatening ventricular ar- 
rhythmia on terfenadine was not significantly greater 
than that of any comparison drug cohort (Table III). 
There was a consistent, excessive risk of OTC antihis- 
tamines throughout all analyses in the terfenadine-OTC 
antihistamine comparison. 

Table IV presents an age comparison of the risk for 
life-threatening ventricular arrhythmias associated with 
terfenadine in relation to comparison drug use. In many 
groups, there was a statistically significant increase in 
the relative risk associated with a comparison drug 
(OTC and ibuprofen) compared with terfenadine. There 
was no statistically significant, increased risk associated 
with terfenadine in any age group in relation to any 
comparison drug. In addition to the 30&y window ex- 
posure, an analysis of the incidence of life-threatening 
ventricular arrhythmias occurring within 7 days of the 
cohort prescription was also performed. With use of the 
7-day treatment window, only the relative risk of terfen- 
adine-OTC antihistamine achieved statistical significance 
(relative risk 0.5; 95% conlidence interval 0.29-0.84; p 
~0.01); the terfenadine-ibuprofen and terfenadine-clem- 
astine comparisons were not statistically different. The 
rates of age-related, life-threatening ventricular arrhyth- 
mia events for all study cohorts are shown in Figure 1. 
A patient-based analysis (in contrast to the prescription- 
based analyses) yielded nearly identical results. 

To evaluate the COMPASS data base’s sensitivity to 
detect drug-related toxicity, concomitant administration 
of terfenadine/ketoconale (a known risk) was ex- 
amined. Other potential hazardous effects of terfenadine 
in the presence of erythromycin, as well as hepatic dis- 

TERFENADINE (SELDANE@‘) AND FATAL VENTRICULAR ARRHYTHMIAS 349 



TABLE V Examination of Terfenadine Interactions in the Medicaid Data Base 

Unadjusted Relative Risk Adjusted Relative Risk* 

Relative Confidence P Relative Confidence P 
Risk Interval Value Risk Interval Value 

Ketoconazole (n = 648) 26.08 8.22-82.77 <O.OOl 23.55 7.31-75.92 <O.OOl 
Erythromycin (n = 41,308) 1.36 0.70-2.66 0.37 1.36 0.69-2.67 0.37 
Hepatic disease (n = 24,327) 1.88 0.90-3.92 0.09 1.09 0.51-2.34 0.82 

‘See Methods. 

ease, were evaluated. A highly significant relative risk 
of the ketoconazole-terfenadine combination was identi- 
fied when patients receiving both terfenadine and keto- 
conazole were compared with those receiving ter- 
fenadine only (Table V). The terfenadine-erythromycin 
and terfenadine-hepatic disease relative risks were both 
>l.O, but not statistically significant. Power computations 
reveal that this data base had 85% power to detect a rel- 
ative risk of 1.4. Because a retrospective analysis of se- 
lected treatment cohorts would be anticipated to have 
baseline imbalances, the impact of baseline imbalances 
were further assessed. 

To assess the comparability of cohorts, the following 
concomitant disease categories were considered: all car- 
diovascular diseases, asthma, chronic obstructive lung 
disease, liver disease, diabetes, hyperlipidemia, hyper- 
cholesterolemia, hypertension, alcohol/drug abuse, and 
electrolyte abnormalities. An equal or greater percentage 
of patients receiving terfenadine was present in each 
category in relation to each comparison cohort. The 
terfenadine cohort had an equal or greater frequency of 
all cardiovascular drugs, phenothiazines, bronchodilators 
and decongestants in comparison with either the ibupro- 
fen or clemastine cohort. The terfenadine-OTC antihis- 
tamine comparison revealed greater digitalis, phenothi- 
azine and antidepressant usage in the OTC antihistamine 
cohort, and greater antiarrhytbmic and bronchodilator 
usage in the terfenadine group. Therefore, additional 
analyses of the impact of medication imbalances were 
performed by calculating the relative risks of subjects in 

20-44 45-64 65-74 275 

Me 

FIGURE 1. Crude rate/lO,OOO prescliption exposuws of de- 
veloping liireatening venbicular anbythmia is represeW 
ed for 4 drug cohatts over age categoties assessed in 
study. OTC = overWe+omter. 

the terfenadine-OTC cohorts both on and off each con- 
comitant medication. The OTC cohort, both on and off 
each concomitant medication, consistently had a statis- 
tically significant, increased relative risk of developing 
life-threatening ventricular arrhythmias as compared 
with that of the terfenadine cohort. Thus, the observed 
increased risk in the OTC cohort is not explained by any 
imbalance in baseline medications. 

DISCUSSION 
Terfenadine safety is of great concern to regulatory 

agencies and the practicing physician. Implementation of 
a randomized clinical trial could not be used to examine 
this issue, because of its logistic impossibility when ex- 
amining an extremely low frequency event. The sample 
size for a prospective clinical trial assuming a 2-sided, 
type I error of 0.05, power of 90% and an observed con- 
trol group life-threatening ventricular arrhythmia rate of 
2/10,000 is huge, needing >5,000,000 patients to detect 
a relative risk of 1.2. The impracticality of the clinical 
trial pathway focused this investigation on a historical 
cohort approach. This approach has the advantage of 
studying large populations that are representative of 
medication users. The results of this analysis do not sup- 
port the hypothesis of a terfenadine-associated excessive 
risk of life-threatening ventricular arrhythmias in the ab- 
sence of potent cytochrome P-450 inhibitors including 
ketaconazole and erythromycin. The specific arrhythmia 
previously associated with terfenadine, torsades de 
pointes ventricular tachycardia, is not specifically iden- 
tified in the ICD-9-CM coding scheme. Therefore, the 
primary analysis included all life-threatening ventricular 
arrhythmia categories, because the clinical consequence 
of concern is that torsades de pointes ventricular tachy- 
cardia will lead to cardiac arrest/sudden death. With the 
use of this approach, the increased risk of developing a 
life-threatening ventricular arrhythmia with the combi- 
nation of ketoconazole and terfenadine, anticipated from 
previous work, was identified (relative risk 23.55).2,4,5 A 
surprising finding was an increase in life-threatening 
ventricular arrhythmias in the OTC antihistamine cohort 
(which was dominated by diphenhydramine prescrip- 
tions), which achieved statistical significance in almost 
all subsets. The medical record review performed by an 
independent cardiologist found 2 cases of torsades de 
pointes ventricular tachycardia in patients on diphenhy- 
dramine; the same number was found on terfenadine. A 
very conservative view of the terfenadine-ibuprofen 
comparison is that there was no excessive risk attribut- 
ed to terfenadine. The comparison between terfenadine 
and clemastine (whose labeled indication most closely 
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emulates terfenadine) is near unity and not statistically 
signiticant. The equal risk in the terfenadine-clemastine 
comparison is noteworthy considering that the risk of the 
terfenadine cohort was higher; the terfenadine cohort 
was older, and had significantly more high-risk cardio- 
vascular patients and congenital heart disease patients. 

Andysisofthe~iityafstudycehcntsThe 
main focus of the study was the evaluation of terfena- 
dine safety in the general population. Several methods 
were used to evaluate the comparability of the selected 
cohorts. The comparison groups were selected for prac- 
tical reasons. OTC antihistamines and clemastine are 
also used for seasonal allergic rhinitis. Ibuprofen was se- 
lected as a non-antihistamine control with no known car- 
diac toxicity. In many cases, imbalances in baseline 
characteristics increased the probability of life-threaten- 
ing ventricular arrhythmic events occurring in the ter- 
fenadine cohort. OTC antihistamines may be adminis- 
tered to promote sleep, and ibuprofen is indicated for its 
anti-inflammatory properties. Despite confounding by 
indication, the critical question is whether each compar- 
ison cohort had a comparable baseline risk for develop- 
ing life-threatening ventricular arrhythmias. Thus, we 
scrutinized known factors that influence the risk for de- 
veloping life-threatening ventricular arrhythmias (the 
primary end point of this investigation). First, a “high- 
risk” cardiovascular group was identified prospectively, 
which was subsequently found to have a sevenfold in- 
creased risk of life-threatening ventricular arrhythmias. 
A significantly greater number of patients receiving ter- 
fenadine were in this category than in any comparison 
cohort, strengthening the conclusion of the absence of 
excessive risk with terfenadine. Likewise, an equal or 
greater number of patients receiving terfenadine had rel- 
evant co-morbidity (hypertension, cardiovascular dis- 
ease, hyperlipidemia, hypercholesterolemia and diabetes) 
and an equal or greater frequency of obstructive lung 
disease, asthma and liver disease than did those in each 
of the 3 comparison cohorts. No baseline medication im- 
balance explains the significantly increased relative risk 
in the OTC antihistamine group, although all relevant 
imbalances were scrutinized. Because of concern that 
the specified 30-day exposure window may include ex- 
cessive and disproportionate periods off the cohort drug, 
a 7-day exposure analysis was performed and revealed 
essentially the same results. Likewise, although we se- 
lected a prescription-based analysis, a patient-based 
analysis led to the same conclusion. Methodologic pre- 
cautions were used to minimize ascertainment bias. The 
study’s primary end point determinations were made in 
the absence of knowledge concerning the drug cohort. 
In addition, the exposure time of each drug cohort was 
identical (30 days). To examine potential misclassifica- 
tion bias, we sought medical records of all subjects with 
inpatient claims for arrhythmias, and all those who were 
lost to follow-up subsequent to an outpatient claim for 
a specific ventricular arrhythmia. Forty-five percent of 
943 medical records that we requested were given to us 
by hospitals and providers. The true-positive and the 
true-negative rates from subjects with arrhythmia codes 
were both 92%. This low rate of misclassifications was 
consistent across drug cohort groups. Drug compliance 

is an important issue in a retrospective analysis. The es- 
tablished interaction of terfenadine and ketoconazole 
was detected powerfully (relative risk 23.55) which is 
consistent with an acceptable degree of compliance and 
adds validity to the primary end point selected. 

The primary end point of this investigation: An 
important issue is the primary end point selected for 
analysis. There is no ICD-9-CM code for the specific ar- 
rhythmia of concern in relation to the established ter- 
fenadine-ketoconazole drug interaction, torsades de 
pointes ventricular tachycardia. The primary end point 
selected included all codes representing life-threatening 
ventricular arrhythmias, dominated by a preponderance 
of cardiac arrests (244 of 317). This end point is valid 
because the clinical concern is that torsades events may 
result in a sustained ventricular tachycardia or fibrilla- 
tion resulting in cardiac arrest. With the use of this end 
point, the well-established terfenadine-ketoconazole tox- 
icity was shown convincingly. To ensure the validity of 
the cardiac arrest code as a marker for mortality in out- 
patients who were lost to follow-up, the medical records 
of all retrievable, cardiac arrest-coded patients (n = 63) 
were analyzed. Of these patients, 62 were confirmed to 
be dead; 1 was presumed dead, but not contirmed. Thus, 
the cardiac arrest code accurately reflected mortality. All 
retrievable records were examined for additional cases 
of torsades de pointes. Four cases of torsades were 
found (terfenadine cohort [n = 21, and OTC cohort 
[n = 21). Of the 2 terfenadine-associated cases, 1 had a 
cardiac arrest and was detected by the primary end point 
selected; this subject died. The second subject was found 
in a nonspecific arrhythmia code and was discharged 
alive. Both OTC cohort-associated cases were identified 
from the nonspecific arrhythmia codes, and both died. 
Neither OTC-related case had been included in the pri- 
mary end point data. Although it will not be possible to 
be certain that each torsades case was identified, it is 
very unlikely that more than 2 to 3 additional cases with 
significant clinical consequences would remain unde- 
tected in any cohort or would alfect a primary end point 
analysis that included 317 life-threatening ventricular ar- 
rhythmia events. 

Because of the size of the study cohort, even a mod- 
est increase in the risk of terfenadine could have been 
detected. Power computations reveal that for a control 
group event rate of 4/10,000, the COMPASS data base 
provides 85% power to detect a relative risk of 1.4, or 
an excessive risk in life-threatening ventricular arrhyth- 
mia event rates as small as 1.6 events/10,000 prescrip- 
tions. The conservative conclusion of this analysis is 
that: (1) In the absence of potent metabolic inhibitors, 
there is no evidence supporting an excessive risk for de- 
veloping life-threatening ventricular arrhythmias in pa- 
tients taking terfenadine. (2) The strong, consistent in- 
creased risk in the OTC antihistamine cohort (relative 
risk 0.36; 95% contidence interval 0.22-0.50; p <O.OOl) 
merits further investigation in a separate contirrnatory 
trial, because there are significant public health implica- 
tions. 
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