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Background: Radiofrequency ablation is an established but ex-
pensive treatment option for many forms of supraventricular
tachycardia. Most cases of supraventricular tachycardia are not
life-threatening; the goal of therapy is therefore to improve the
patient’s quality of life.

Objective: To compare the cost-effectiveness of radiofrequency
ablation with that of medical management of supraventricular
tachycardia.

Design: Markov model.

Data Sources: Costs were estimated from a major academic
hospital and the literature, and treatment efficacy was estimated
from reports from clinical studies at major medical centers. Prob-
abilities of clinical outcomes were estimated from the literature.
To account for the effect of radiofrequency ablation on quality of
life, assessments by patients who had undergone the procedure
were used.

Target Population: Cohort of symptomatic patients who expe-
rienced 4.6 unscheduled visits per year to an emergency depart-
ment or a physician's office while receiving long-term drug ther-
apy for supraventricular tachycardia.

Time Horizon: Patient lifetime.
Perspective: Societal.

Interventions: Initial radiofrequency ablation, long-term anti-
arrthythmic drug therapy, and treatment of acute episodes of ar-
rhythmia with antiarrhythmic drugs.

Outcome Measures: Costs, quality-adjusted life-years, life-
years, and marginal cost-effectiveness ratios.

Results of Base-Case Analysis: Among patients who have
monthly episodes of supraventricular tachycardia, radiofrequency
ablation was the most effective and least expensive therapy and
therefore dominated the drug therapy options. Radiofrequency abla-
tion improved quality-adjusted life expectancy by 3.10 quality-
adjusted life-years and reduced lifetime medical expenditures by
$27 900 compared with long-term drug therapy. Long-term drug
therapy was more effective and had lower costs than episodic drug
therapy.

Results of Sensitivity Analysis: The findings were highly ro-
bust over substantial variations in assumptions about the efficacy
and complication rate of radiofrequency ablation, including analy-
ses in which the complication rate was tripled and efficacy was
decreased substantially.

Conclusions: Radiofrequency ablation substantially improves
quality of life and reduces costs when it is used to treat highly
symptomatic patients. Although the benefit of radiofrequency ab-
lation has not been studied in less symptomatic patients, a small
improvement in quality of life is sufficient to give preference to
radiofrequency ablation over drug therapy.
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upraventricular  tachycardia  affects approximately

570 000 people in the United States, and about 89 000
incident cases occur annually (1). Most cases of supraven-
tricular tachycardia are caused by atrioventricular nodal re-
entrant tachycardia. Many of the other cases are due to
reentrant conduction involving a bypass tract that forms a
connection between the atrium and ventricle (2). With the
exception of the Wolff~Parkinson—White syndrome, su-
praventricular tachycardia is rarely life-threatening. How-
ever, severely symptomatic patients have multiple episodes
per year that require urgent medical intervention to termi-
nate the arrhythmia; these episodes substantially diminish

quality of life (3).
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Radiofrequency ablation is an established treatment
option for most forms of supraventricular tachycardia (2,
4-9). To perform radiofrequency ablation, a clinician uses
a transvenous, steerable electrode catheter to deliver radio-
frequency energy directly to the slow pathway of the atrio-
ventricular node or to a bypass tract (6, 9). The radiofre-
quency energy heats the myocardial tissue, creating a lesion
that interrupts conduction through a portion of the reentry
circuit. In 1996, 18 000 catheter-ablation procedures were
performed in the United States, three times the number of
procedures in 1990 (10, 11). Radiofrequency ablation has
a reported success rate of greater than 90% in leading cen-
ters (4, 6, 12-18). For highly symptomatic patients, radio-



frequency ablation can improve functional status compared
with long-term drug therapy or episodic treatment of acute
arrhythmias (19, 20). Although radiofrequency ablation is
highly efficacious, the procedure both carries modest risk
for complications and is relatively costly (21, 22).

Previous economic analyses of radiofrequency ablation
generally have been favorable, but they have been limited
because they compared radiofrequency ablation with ther-
apies that are now obsolete (23); studied costs but not
effectiveness (23-26); or evaluated radiofrequency ablation
only for treatment of the Wolff~Parkinson—White syn-
drome (27), a potentially life-threatening form of supra-
ventricular tachycardia. In addition, measures of the effect
of radiofrequency ablation on quality of life (3) were not
available when previous analyses were performed. Because
successful radiofrequency ablation primarily improves
quality of life rather than extending life, such measures are
an essential component of a comprehensive evaluation of
the cost-effectiveness of radiofrequency ablation (28).

We compared the cost-effectiveness of radiofrequency
ablation with that of two strategies of drug therapy for
patients with severely symptomatic supraventricular tachy-
cardia due to atrioventricular nodal reentrant tachycardia
or a concealed bypass tract. We excluded patients with the
Wolff—Parkinson—White syndrome since the cost-effective-
ness of radiofrequency ablation in these patients has been

assessed (27).

METHODS

We used a decision model to compare the health and
economic outcomes of three treatment strategies for pa-
tients with supraventricular tachycardia: initial radiofre-
quency ablation, long-term antiarthythmic drug therapy,
or treatment of acute episodes of arrhythmia with antiar-
rthythmic drugs (Figure 1). Taking a societal perspective,
we calculated the marginal cost-effectiveness of these strat-
egies, and we discounted both costs and benefits at an
annual rate of 3% (28). We performed one-way sensitivity
analyses on all the model variables, as well as selected two-
and three-way sensitivity analyses, five-way sensitivity
analyses, and 7-way (Monte Carlo) probabilistic sensitivity
analyses.

We based the estimates for input variables on the lit-
erature whenever possible (1-4, 6-8, 12-14, 16-18, 21—
23, 26, 28-73) (Table 1). Our base-case estimates repre-
sent our judgment about the best estimate from the
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literature and discussion with experts. For clinical variables,
our ranges for sensitivity analyses represent our judgment
of the variation likely to be encountered in clinical prac-
tice, based on the literature and discussion with experts.
The ranges for costs represent variation by 25% above and
below the base-case estimate. The ranges for sensitivity
analyses on quality-of-life estimates represent the 25th and
75th percentiles of patients’ assessments of quality of life
(3). When the literature was conflicting or inadequate, we
consulted experts in the Cardiac Arrhythmia Patient Out-
come Research Team Project and experts in electrophysi-
ologic testing and radiofrequency ablation.

Decision Model

We used Decision Maker software (Pratt Medical
Group, Boston, Massachusetts) to develop a Markov
model (75). For each treatment strategy, our model in-
cluded the major procedures, probability of various proce-
dural complications, probability of death, costs, and quality
of life associated with health outcomes. When possible, we
based our probability estimates (Table 1) on large studies
conducted at centers with substantial experience with ra-
diofrequency ablation (13, 14, 16, 31, 32).

Our model (Figure 1) tracked a hypothetical cohort of
patients who received one of the three treatment strategies.
Patients who underwent radiofrequency ablation were at
risk for perioperative death and complications. Patients
who survived radiofrequency ablation and those treated
with drug therapy entered a therapy-specific Markov sub-
tree that simulated the recurrence of arrhythmic events af-
ter the initial treatment. The cycle length was 1 month.
We defined an event as an arrhythmic episode that led to
an unscheduled visit to either a physician’s office or to an
emergency department. In each treatment strategy, we as-
sumed that half of events required treatment in the emer-
gency department with intravenous drugs (such as adeno-
sine or verapamil) and that half of events would be
evaluated and treated in a physician’s office. Under all
strategies, patients were followed until death from a cause
other than supraventricular tachycardia.

Patient Population

We designed our base-case analysis to reflect the ob-
served severity of symptoms in the population from which
we obtained our estimates of the effect of radiofrequency
ablation on quality of life (3). This population represents
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Figure 1. Schematic representation of the decision model.
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Top. The square node at the left represents the therapy decision. If long-term drug therapy or episodic drug therapy is chosen, the patient’s health state thereafter is simulated
by a four-state Markov model, the follow-up subtree. In this follow-up subtree, each month, patients may experience an arrhythmic event leading to an unscheduled visit or
no symptoms. The patient may die of other causes or survive and continue to be followed in the subtree. If electrophysiologic study and radiofrequency ablation (RFA) are
chosen, the patient may have no complications, procedural complications, or procedural death. Bottom. If the patient survives the ablation, the patient enters the
radiofrequency ablation results subtree. If radiofrequency ablation was successful, the arrhythmia may recur soon after the procedure. If the arrhythmia recurs, the patient
undergoes a second ablation, with similar possible outcomes. If the radiofrequency ablation successfully cures the arrhythmia initially, the patient enters a Markov follow-up
for the remainder of the lifetime. During follow-up, the patient may develop atrioventricular (AV) block or may continue to have events (albeit less frequently). If
radiofrequency ablation failed, the patient reccives the next best strategy, long-term drug therapy, and continues to receive it for the lifetime. If radiofrequency ablation
induces permanent atrioventricular block, the patient is followed in a subtree (not shown) that accounts for the cost of a pacemaker. All patients are followed until death.
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an unselected group of patients referred for radiofrequency event per month if they did not continue to receive therapy
ablation at the Kaiser Permanente Medical Care Program (4.6 events per year while receiving continuous drug ther-
of Northern California, which cares for 2.9 million sub- apy/0.4 = 11.5 events per year without drug therapy). Our
scribers. In this population, patients receiving long-term base-case analysis evaluated alternative treatments in pa-
drug therapy experienced symptoms that resulted in an tients 40 years of age, and we evaluated age groups from 35
average of 4.6 unscheduled visits per year. We estimated to 70 years. The quality-of-life estimates reflected a popu-
that long-term drug therapy would reduce symptoms to lation that was composed of approximately 70% women,
40% of their frequency before treatment (60% efficacy); as was physically active, and had been symptomatic for a me-
a result, patients would experience approximately one dian of 3 years.
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Table 1. Input Variables and Sources*

Input Variable Best Low End High End Level of Reference or Source
Estimate of Range of Range Evidencet
Demographic
Starting age of population, y 40 30 70 | 1,2, 4, 6-8, 12-14, 1618, 21, 22, 26, 29-44
Proportion with atrioventricular nodal reentrant
tachycardia 0.65 0 1 | 1,2, 4, 6-8, 12-14, 16-18, 21, 22, 26, 29-44
Proportion with bypass tract 0.30 0 1 | 1,2, 4, 6-8, 12-14, 16-18, 21, 22, 26, 29-44
Proportion with supraventricular tachycardia not
amenable to ablation 0.05 0 0.20 1 1,2, 4, 6-8, 12-14, 16-18, 21, 22, 26, 29-44
Events per year, n 11.5 0 1.5 11-2 3
Clinical
Drug efficacy 0.60 0.40 1 1 45-69, 76
Rate of successful radiofrequency ablation for
atrioventricular nodal reentrant tachycardia 0.97 0.85 0.98 | 1,2, 4, 6-8, 12-14, 16-18, 21, 22, 26, 29-44
Rate of successful radiofrequency ablation for concealed
bypass tract 0.93 0.75 0.98 | 1,2, 4, 6-8, 12-14, 1618, 21, 22, 26, 29-44
Rate of major complications of electrophysiologic study 0.004 0 0.012 | 1,2, 4, 6-8, 12-14, 16-18, 21, 22, 26, 29-44
Rate of major complications of radiofrequency ablation 0.015 0.005 0.045 | 1,2, 4, 6-8, 12-14, 16-18, 21, 22, 26, 29-44
Death caused by electrophysiologic study 0.001 0 0.003 | 1,2, 4, 6-8, 12-14, 16-18, 21, 22, 26, 29-44
Immediate atrioventricular block during radiofrequency
ablation for atrioventricular nodal reentrant
tachycardia 0.01 0.005 0.07 | 1,2, 4, 6-8, 12-14, 16-18, 21, 22, 26, 29-44
Immediate atrioventricular block during radiofrequency
ablation for concealed bypass tract 0.01 0.005 0.07 | 1,2, 4, 6-8, 12-14, 16-18, 21, 22, 26, 29-44
Recurring arrhythmia after radiofrequency ablation for
atrioventricular nodal reentrant tachycardia 0.05 0.025 0.20 | 1,2, 4, 6-8, 12-14, 16-18, 21, 22, 26, 29-44
Recurring arrhythmia after radiofrequency ablation for
concealed bypass tract 0.08 0.025 0.20 | 1,2, 4, 6-8, 12-14, 16-18, 21, 22, 26, 29-44
Costs, $+
Routine office visit 920 70 120 1] 70, using CPT codes 93000 and 99214
Annual drug prescription 120 60 2400 1] 71
Emergency department visit with follow-up office visit 640 480 800 1] 70, using CPT code 99285, costs at an academic

medical center (ICD 427.0, 427.89, 426.7);
and published costs (72)

Electrophysiologic study (hospital and professional fees) 5260 3950 6580 1] 70, using CPT codes 99245, 93621, 36620, and
93623; costs at an academic medical center
(ICD 427.0, 427.89, 426.7); and published
costs (23, 24, 26, 27,72, 73)

Radiofrequency ablation, including electrophysiologic 8190 6140 10 240 1l 70, using CPT codes 99245, 93621, 36620,

study (hospital and professional fees) 93651, and 93623; costs at an academic

medical center (ICD codes 427.0, 427.89,
426.7, 37.34); and published costs (23, 24,
26,27,72,73)

Pacemaker installation 13 340 10 010 16 680 1l 70, using CPT codes 33206, 93798, 99231, and
71020; costs at an academic medical center
(ICD 426.0, 37.80, 37.81, 37.82, 37.83); and
published costs (23, 24, 26, 27, 72, 73)

Pacemaker replacement 7640 5730 9550 I} 70, using CPT codes 33212, 93732, and 99231,
and costs at an academic medical center

Annual office visits because of pacemaker 220 120 280 1] 70, using CPT codes 99214 and 93731
Utilities

Patients receiving episodic drug therapy 0.828 0.495 0.945 11-2 3

Patients receiving long-term drug therapy 0.833 0.5 0.95 11-2 3

Patients cured by radiofrequency ablation 0.983 0.83 0.99 11-2 3

Patients with atrioventricular block 0.776 0.259 0.983 1] 3
Disutilities (days of perfect health lost)

Unscheduled physician visits§ 0.25 0 0.5 1] Estimate

Procedural complications 1 0 7 1] Estimate

Discount rate, % 3 0 5 1l 28

* The base-case estimates represent the best estimate for each value. All probabilities and mortality rates are annual unless otherwise noted. CPT = Current Procedural Terminology; ICD =
International Classification of Diseases.

T Evidence rating system modified from that developed by the U.S. Preventive Services Task Force (74) to evaluate the quality of the evidence for certain model inputs. I, evidence from at least one
randomized, controlled trial; II-2, evidence from at least one well-designed cohort or case—control study; III, expert judgment, clinical experience, descriptive studies, or case reports.

¥ Expressed in 1999 U.S. dollars.

§ The disutility for unscheduled events is accrued by patients receiving episodic drug therapy for only events that are in excess of the number experienced by patients receiving long-term drug therapy.
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Radiofrequency Ablation

Patients assigned to the radiofrequency ablation strat-
egy attended an initial consultation with an electrophysi-
ologist in the clinic before the procedure. During the pro-
cedure, patients first underwent electrophysiologic study,
which we estimated would establish the diagnosis of atrio-
ventricular nodal reentrant tachycardia in 65% of patients,
a concealed bypass tract in 30% of patients, and other,
nonablatable arrhythmias in 5% of patients. We based
these estimates on the proportions of these diagnoses re-
ported in North American centers that had a high volume
of ablation procedures and accepted pediatric and adult
patients (13, 14, 16, 31, 32), excluding patients with the
Wolff—Parkinson—White syndrome. The distinction be-
tween atrioventricular nodal reentrant tachycardia and su-
praventricular tachycardia caused by concealed bypass tract
is important because rates of success, complication, and
arrhythmia recurrence after radiofrequency ablation differ
between the conditions (13, 14, 16, 31, 32) (Table 1).
We assumed that patients in whom radiofrequency abla-
tion was successful required no further antiarrhythmic
medication.

We defined radiofrequency ablation as initially suc-
cessful if the electrophysiologist could not induce an ar-
rhythmia in the laboratory after the ablation session. How-
ever, some patients in whom radiofrequency ablation is
initially successful subsequently experience recurrent su-
praventricular tachycardia, typically in the first few weeks
after the procedure. Therefore, our model also incorpo-
rated 5% and 8% recurrence rates for atrioventricular
nodal reentrant tachycardia and bypass tract, respectively
(13, 14, 16, 31, 32) during the first month after radiofre-
quency ablation. At first recurrence, the patient received a
second radiofrequency ablation; at second recurrence, the
patient was switched to the next best therapy (episodic or
long-term drug therapy). Patients were also switched to the
next best therapy if the initial electrophysiologic study re-
vealed an arrhythmia that was not ablatable or if the abla-
tion was unsuccessful.

Long-Term Drug Therapy

Patients assigned to long-term drug therapy continued
to receive a daily dose of medication but still experienced
events at a reduced frequency. In our base case, we as-
sumed that patients would be treated with generic meto-
prolol, which is very inexpensive (Table 1). Although we
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recognized that more expensive drugs might be used in
actual practice, our choice of an inexpensive option for the
base-case analysis meant that should we find radiofre-
quency ablation to be cost-effective, it would only be more
so compared with more expensive (and potentially more
toxic) drugs. After treatment of each event, we assumed
that the patient had a follow-up office visit and resumed
the daily drug therapy regimen without change. We also
assumed that the patient would make two regular therapy-
monitoring visits each year. Our estimates of quality of life
accounted for decrease in quality of life caused by adverse
effects of drug therapy. We assumed that the probability of
an arrhythmic event for these patients was constant over
time.

Episodic Drug Therapy

Patients assigned to episodic drug therapy received anti-
arrthythmic medication only when they experienced an
event. After treatment of each event, we assumed that pa-
tients had a follow-up office visit. We assumed that pa-
tients who received episodic drug therapy made two regu-
lar monitoring visits per year to their physician.

Efficacy and Complications of Radiofrequency Ablation

Two factors complicate interpretation of the literature
on radiofrequency ablation. First, the published literature
may lag behind the results at the best centers; thus, reports
may not reflect current complication rates or efficacy. Sec-
ond, published complication rates and efficacy may not be
attainable in centers with less experience. In addition to
our base-case analyses, we therefore performed best- and
worst-case scenario analyses in which we systematically bi-
ased the analysis for and against radiofrequency ablation.

Primarily on the basis of the most recent studies (18,
29) and additional studies from experienced centers (13,
14, 31), we estimated that the efficacy of the radiofre-
quency ablation procedure was 97% for patients who had
atrioventricular nodal reentrant tachycardia and 93% for
patients who had concealed bypass tracts. We examined
lower efficacies in sensitivity analyses (36).

Our model included three categories of complications
associated with the ablation procedure: complete atrioven-
tricular node block, other major transient complications,
and death. We assumed that physicians treated atrioven-
tricular node block by implanting a permanent pacemaker,
monitoring the patient with two office visits per year (76),
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and replacing the pacemaker every 8 years on average. On
the basis of studies from experienced centers, we estimated
that the probability of developing complete atrioventricular
node block as a result of ablation is 1.0% for patients who
have atrioventricular nodal reentrant tachycardia and those
who have a concealed bypass tract (13, 14, 16, 18, 29, 31,
32). We estimated that the probability of other major com-
plications that would require additional hospitalization, in-
cluding cardiac tamponade, embolic events, cardiac perfo-
rations, and stroke, was 1.5% (18, 22) and that the
probability of death caused by radiofrequency ablation was
0.1% (Table 1). As noted above, some experienced centers
may now have lower complication rates than published
studies suggest. We examine lower rates in our best-case
scenario.

Efficacy of Drug Therapy

Studies of the efficacy of drug therapy for supraven-
tricular tachycardia are difficult to interpret because they
use different drugs, have varying follow-up periods, use
different definitions of success, often do not document the
severity of supraventricular tachycardia before initiation of
drug therapy, and often have uncontrolled nonrandomized
designs (26, 45—69, 77-79). On the basis of our literature
review, we estimated that drug therapy reduces the risk for
an arrhythmic episode by 60% compared with no therapy.
Because the efficacy of therapy may vary by drug and by
individual patients, we performed sensitivity analyses on
drug efficacy to assure the robustness of results across a
wide range of efficacies. We assumed that the effect of the
medication on a patient’s probability of experiencing an
event remained constant throughout the patient’s lifetime.

Quality of Life

Therapies for non-life-threatening supraventricular
tachycardia by definition affect quality of life rather than
length of life. Therefore, the effectiveness of therapy de-
pends on the degree to which symptoms are ameliorated.
Larson and colleagues (3) performed telephone interviews
with 161 patients who had undergone radiofrequency ab-
lation for atrioventricular nodal reentrant tachycardia (3)
and assessed the patients’ symptoms, pharmacologic ther-
apy, and utilities. We assumed that the symptoms from
supraventricular tachycardia due to atrioventricular nodal
reentrant tachycardia or concealed bypass tract are not dis-
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tinguishable; thus, Larson and colleagues’ findings are ap-
plicable to our population.

Of the 161 patients, 135 (84%) had been receiving
drug therapy before the ablation and had experienced an
average of 4.6 symptoms of medium or high severity. After
the ablation procedure, all patients reported a decrease in
moderate or severe symptoms (mean number of symptoms,
1.1; P < 0.001). Patients reported an average of 4.6 un-
scheduled visits per year before radiofrequency ablation
and an average of 0.4 unscheduled visits after radiofre-
quency ablation, including procedures that were not suc-
cessful.

The investigators assessed utilities by asking patients to
rate their quality of life before and after radiofrequency
ablation by using the time-tradeoff technique (80). Utili-
ties assess how patients value health states and typically
range from 0, representing death, to 1, representing ideal
health. Utilities differ from measures of functional status in
that they assess how much a health state bothers patients
rather than describing the health state in terms of what
patients can do. The median utility for health status was
0.833 before radiofrequency ablation and 0.983 after ra-
diofrequency ablation (3), a substantial improvement.

We used the measured udilities after radiofrequency
ablation as the utilities for patients who had successful ra-
diofrequency ablation; we used utilities before radiofre-
quency ablation as the utility for patients receiving long-
term drug therapy. For patients receiving episodic drug
therapy, we decreased their utility by 0.25 quality-adjusted
life-days (Table 1) for each event in excess of those expe-
rienced by patients receiving long-term drug therapy. We
assumed that the utility of atrioventricular node block was
90% of the median utility after radiofrequency ablation,
and we evaluated much lower utilities in sensitivity analyses.

Costs

We included in our analysis direct costs of care related
to supraventricular tachycardia and lifetime medical expen-
ditures unrelated to arrhythmia therapy (81). We estimated
hospital utilization and costs related to supraventricular
tachycardia from a cohort of 60 patients seen at a major
academic hospital between 1997 and 1998 (Unpublished
data; cost calculated by using Sunrise Suite, Eclipsys Corp.,
Delray Beach, Florida), as well as published data on costs
(23, 24, 26, 27, 72, 73) (Table 1). These estimates in-
cluded the cost of electrophysiologic study, radiofrequency
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Table 2. Health and Economic Outcomes*

Strategy Lifetime Incremental Quality-Adjusted Incremental Life Incremental Life
Cost Costt Life Expectancy Quality-Adjusted Expectancy Expectancyt
Life Expectancyt
$ y y, d y y. d
Radiofrequency ablation 61 880 —81 640 21.66 3,75 22.26 -0, -8.8
Long-term drug therapy 89 820 —53 700 18.56 0,38 22.28 0,0
Episodic drug therapy 143 530 - 18.46 - 22.28 -

* Costs are expressed in 1999 U.S. dollars. All costs and benefits are discounted at 3% annually.

T Incremental costs and life expectancies are calculated in comparison with episodic drug therapy.

ablation, concomitant 1-day hospitalization, and implanta-
tion of a pacemaker in the event that radiofrequency abla-
tion produced atrioventricular node block. We calculated
mean costs of an emergency department visit to the same
institution for patients who had a diagnosis of supraven-
tricular tachycardia (Table 1). We also compared these
costs to relevant Medicare reimbursement.

We estimated professional fees by using the 1998 Na-
tional Physician Fee Schedule Relative Value File (82). We
included costs associated with office visits, electrocardio-
graphic monitoring, electrophysiologic studies, radiofre-
quency ablation, pacemaker implantation and replacement,
and emergency department visits. We estimated wholesale
drug costs by using the Red Book (71), and we assumed
that patients would be prescribed metoprolol. As noted, we
also evaluated higher drug costs because in practice, some
patients would probably receive more expensive drug ther-
apy. We adjusted all costs to 1999 U.S. dollars by using a
gross domestic product deflator (83, 84) and evaluated
both lower and higher costs in sensitivity analyses.

Role of the Funding Sources

The study was funded by the Agency for Healthcare
Research and Quality and the Health Services Research
and Development Service of the Department of Veterans
Affairs. The authors had complete independence in the
design, conduct, and reporting of the study.

REsuLTS
Model Validation

We evaluated outcomes in the model to ensure that
they reflected the frequency of events described in the co-
hort on which we based our quality-of-life estimates. The
model accurately reflected the frequency of 4.6 events per
year for patients receiving long-term drug therapy.
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Base-Case Results

In a population of patients with monthly episodes of
supraventricular tachycardia, radiofrequency ablation was
the most effective and least expensive therapy (Table 2).
Radiofrequency ablation improved quality-adjusted life ex-
pectancy by 3.10 quality-adjusted life-years (QALYs) and
reduced lifetime medical expenditures by $27 900 com-
pared with long-term drug therapy. Long-term drug ther-
apy was more effective and had lower costs than episodic
drug therapy (Table 2). If we excluded the effect of radio-
frequency ablation on quality of life, drug therapy pro-
duced slightly longer life expectancy because of the small
risk for death associated with radiofrequency ablation
(0.1%).

In patients who had monthly episodes of supraventric-
ular tachycardia, the inital cost of radiofrequency ablation
($8740) was ultimately recouped by saving the cost of
treating supraventricular tachycardia episodes and admin-
istering drugs (Table 3). For patients receiving long-term
drug therapy, the lifetime cost of unscheduled visits to the
emergency department or a physician was $37 610. For
patients initially treated with radiofrequency ablation, the
lifetime cost of unscheduled visits was only $4950 (the
costs incurred by patients who were not cured by the ab-
lation procedure).

Sensitivity Analyses

Although radiofrequency ablation reduced lifetime
medical costs compared with drug therapy in our base-case
analysis, this analysis assumed that patients were severely
symptomatic. Whether radiofrequency ablation reduced
net expenditures depended on the frequency of unsched-
uled visits and the cost of drug therapy (Figure 2). Radio-
frequency ablation provides lifetime cost savings for pa-
tients who have more than one event per year and a
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Table 3. Lifetime Costs Incurred by Patients with Supraventricular Tachycardia*

Strategy Radiofrequency Atrioventricular ~ Monthly Drug  Unscheduled Scheduled Expenditures for Other  Total
Ablation Procedure  Block Cost Physician Visits ~ Office Visits ~ Medical Conditions
)
Radiofrequency ablation 8740 550 160 4950 120 47 370t 61880
Long-term drug therapy 0 0 2710 37610 2080 47 420 89 820
Episodic drug therapy 0 0 0 94 030 2080 47 420 143 530

* Costs are expressed in 1999 U.S. dollars and are discounted at 3% annually.

T Because there is a small chance of death during radiofrequency ablation, patients who receive radiofrequency ablation have lower medical expenditures for other unrelated medical conditions.

monthly drug cost of $10 or more (Figure 2). As drug
therapy became more expensive (as would be the case for
drugs other than metoprolol), the time to recoup costs was
substantially shortened. The time to recoup the costs after
radiofrequency ablation was inversely proportional to the
frequency of events and monthly drug costs. For patients
who had less than one event per year and whose drug
therapy cost less than $10 per month, savings from subse-
quent therapy for supraventricular tachycardia did not re-
coup the cost of radiofrequency ablation.

Because we modeled highly symptomatic patients, our
base-case estimates of the benefit from radiofrequency ab-
lation cannot be generalized to patients whose symptoms
are less severe or less frequent. To examine the cost-effec-
tiveness of radiofrequency ablation in less symptomatic pa-
tients, we evaluated the costs and benefits of treatment if
the improvement in quality of life after radiofrequency ab-
lation was substantially less than in our base case. Table 4
shows the net gain in QALYs and changes in costs if ra-
diofrequency ablation provided an increase in quality of
life of only 0.01 (approximately one fifteenth of the base-
case increase). Radiofrequency ablation remained cost sav-
ing, even with this small increment in quality of life, if the
annual costs of the long-term drug strategy (including phy-
sician and emergency department visits) were about $500
or more (base-case estimate, approximately $1900 annual-
ly). The important implication of the data in Table 4 is
that radiofrequency ablation can be cost-effective or cost
saving, even if the treatment provides only small gains in
utilicy—of about 1% at most—and even if the costs of
medical therapy are substantially lower than the base-case
estimates.

In our base-case analysis, we estimated that the prob-
ability of complete atrioventricular node block after radio-
frequency ablation was 1.0% for patients with atrioventric-
ular nodal reentrant tachycardia and those with a concealed
bypass tract. Higher rates of postprocedure atrioventricular
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node block have been reported (16, 32). One-way sensitiv-
ity analysis of the rate of atrioventricular node block
showed that even if the rate were doubled, radiofrequency
ablation would still result in an increase of 3.08 QALYs
and a decrease of $27 500 in expenditures compared with
long-term drug therapy. If the quality of life with a pace-
maker is only 40% of that without one, our results are
unchanged.

Because low-volume or less experienced centers may
not achieve radiofrequency ablation outcomes comparable
to the results reported by leading centers, we also evaluated

Figure 2. Years required to recoup costs of
radiofrequency ablation, given different monthly costs
of drug therapy.
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The analysis includes all costs of medical therapy, including drug costs, physician
visits, and treatment in emergency departments. Triangles represent a monthly
drug cost of $10 (base case), squares represent a monthly drug cost of $50, and
circles represent a monthly drug cost of $100. The vertical axis represents the
number of arrhythmic events per year the patient experiences while receiving
long-term drug therapy. The horizontal axis shows the number of years after
radiofrequency ablation until the cumulative cost of that strategy would be less
than the cost of the long-term drug strategy. Costs are recouped more quickly for
patients who have more frequent arrhythmic events and for patients whose drug
therapy is more expensive. The time to recoup costs for the base-case analysis is
shown by the arrow.
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Table 4. Incremental Costs, Incremental Benefits, and Cost-Effectiveness of Radiofrequency Ablation Compared with

Long-Term Drug Therapy*

Annual Cost Increase in Quality of Life with RFA
of Long-Term
Drug Therapy 0.01 0.05 0.1 0.15

Cost  Benefit MCE Cost  Benefit Cost  Benefit MCE Cost  Benefit MCE

$ QALY $/QALY $ QALY $/QALY $ QALY $/QALY $ QALY $/QALY

$250 4000 0.170 23500 4000 0.999 4000 4000 2.035 2000 4000 3.072 1300
$500 (1300) 0.170 RFA dominates (1300) 0.999 RFA dominates (1300) 2.035 RFA dominates (1300) 3.072 RFA dominates
$750 (6500) 0.170 RFA dominates (6500) 0.999 RFA dominates (6500) 2.035 RFA dominates (6500) 3.072 RFA dominates
$1000 (11700) 0.1770 RFA dominates (11700) 0.999 RFA dominates (11700) 2.035 RFA dominates (11700) 3.072 RFA dominates

* Costs are expressed in 1999 U.S. dollars. Costs and benefits have been discounted at 3%. Values in parentheses represent cost savings with radiofrequency ablation compared with long-term drug
therapy. MCE = marginal cost-effectiveness; QALY = quality-adjusted life-year; RFA = radiofrequency ablation.

scenarios in which the rate of radiofrequency ablation pro-
cedural complications, procedural death, and arrhythmia
recurrence were twice and three times the base-case esti-
mate. For a twofold increase in complications, we assumed
that the probability of successful radiofrequency ablation
was 0.90 for patients with atrioventricular nodal reentrant
tachycardia (base-case estimate, 0.97) and 0.80 for those
with a concealed bypass tract (base-case estimate, 0.93).
For a threefold increase in complication rates, we reduced
these efficacies to 0.85 and 0.75, respectively. Despite sub-
stantial increases in the rate of unsuccessful procedures and
complications in these scenarios, radiofrequency ablation
still dominated drug therapy in severely symptomatic pa-
tients (Table 5).

We also evaluated a best-case scenario in which we
reduced the rate of complications to one third the base-case
rate. With these assumptions, radiofrequency ablation con-
tinued to dominate drug therapy; compared with base-case
values, it resulted in more health benefit (21.71 vs. 21.66
QALYs) and lower expenditure ($61 200 vs. $61 880).

Table 5. Health and Economic Outcomes When Efficacy
of Radiofrequency Ablation Is Reduced and
Complication Rate Is Increased*

Strategy Cost, § Quality-Adjusted Life
Expectancy, y
Radiofrequency ablation
Best caset 61220 21.71
Base case 61 880 21.66
Twofold increase 64 680 21.48
Threefold increase 67 400 21.28
Long-term drug therapy 89 820 18.56
Episodic drug therapy 143 530 18.46

* Costs are expressed in 1999 U.S. dollars. All costs and benefits are discounted at 3% annually.
1 In the best-case scenario, the rate of complications was reduced to one third the base-case
rate.
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We also assessed whether changes in our estimate of
the efficacy of drug therapy affected our results. In the
base-case analysis, we assumed that drug therapy reduced
the frequency of arrhythmic episodes by 60%. Even if drug
therapy reduced arrhythmic episodes by 90%, radiofre-
quency ablation still provides savings of $1400.

Sensitivity analyses on other variables did not change
our results significantly. If radiofrequency ablation is per-
formed in patients 70 years of age rather than the base-case
age of 40 years, it still reduces expenditures ($43 400 vs.
$52 100) and provides more health benefit (10.39 vs. 8.90
QALYs) than does long-term drug therapy. Increasing the
discount rate to 5% did not substantially alter our results,
and radiofrequency ablation still dominated drug therapy.

We performed a probabilistic sensitivity analysis in
which we simultaneously varied all of the values for the
variables listed in Table 1. In this analysis, radiofrequency
ablation dominated long-term drug therapy in 93.7% of
the simulations, and it was more effective yet more costly
in an additional 2.2% of simulations (median cost-effec-
tiveness ratio, $1600 per QALY). Long-term drug therapy
was, in turn, a dominant strategy in comparison with epi-
sodic drug therapy in 99.8% of the simulations.

Discussion

We evaluated the cost-effectiveness of radiofrequency
ablation relative to that of long-term or episodic drug ther-
apy in patients who have frequent symptoms of supraven-
tricular tachycardia requiring medical intervention. Our
analyses indicate that in severely symptomatic patients
(those who have approximately one episode of supraven-
tricular tachycardia per month without treatment), radio-
frequency ablation improves quality-adjusted survival and
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reduces lifetime medical expenditures. The higher initial
cost of radiofrequency ablation was ultimately recouped by
eliminating the need for long-term drug therapy and fre-
quent unscheduled visits to an emergency department or a
physician’s office. Given that many centers have high suc-
cess rates (97% for atrioventricular nodal reentrant tachy-
cardia) and low complication rates (atrioventricular node
block < 1.5%), radiofrequency ablation is an example of a
new technology that is more effective therapeutically and
that reduces rather than increases costs.

Our model used a lifetime projection of the costs of
care for patients who have supraventricular tachycardia.
Radiofrequency ablation was cost saving in the long term
for severely symptomatic patients, but the time required to
recoup the initial cost of radiofrequency ablation may be
10 years or more (Figure 2). The cost savings ultimately
result from reduction in the cost of treating acute su-
praventricular tachycardia episodes and monitoring long-
term drug regimens prescribed to prevent recurrent arrhyth-
mias. Because the annual cost of medical management is
higher in patients who have more frequent episodes, the
time to recoup the cost of radiofrequency ablation is
shorter in more severely symptomatic patients (Figure 2).
In addition, our base-case assumption about the cost of
drug therapy was optimistic; in many cases, patients would
be treated with more expensive medications, and radiofre-
quency ablation would therefore provide even greater rela-
tive cost savings. In patients with very infrequent symp-
toms, the lifetime cost of radiofrequency ablation will be
higher than that of medical management.

Our cost-effectiveness analysis is the first to use utili-
ties assessed from patients to estimate the benefit from
radiofrequency ablation. The patients who provided the
data were receiving long-term drug therapy before radio-
frequency ablation and were severely symptomatic, with a
mean of 4.6 unscheduled physician visits per year because
of arrhythmic episodes. Because these patients rated their
quality of life as much higher after radiofrequency ablation
and because of their long life expectancy after the proce-
dure, the improvement in QALYs (3.10) was substandial.
In contrast, many interventions that are commonly consid-
ered effective, such as screening for breast or colon cancer,
increase quality-adjusted survival by only a few months
(85, 86).

Although the benefit of radiofrequency ablation in
highly symptomatic patients is clear, the question of how
to manage patients whose symptoms are minimal or mod-
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est remains. Our base-case results cannot be extrapolated to
such patients because the improvement in quality of life
from radiofrequency ablation will be less for patients who
have fewer symptoms before the procedure. Relatively
small improvements in quality of life after radiofrequency
ablation are important because the improvements persist
for the patient’s remaining lifetime. For patients who are
minimally symptomatic, the possibility of complications,
even if remote, may be a more important consideration.
However, our sensitivity analyses indicated that radiofre-
quency ablation need only provide a small increment in
quality of life to be preferred.

Given the importance of patients’ rating of quality of
life for the evaluation of radiofrequency ablation, the lim-
itations of the data that we used on quality of life must be
considered. Patients assessed their quality of life by using
the time-tradeoff method, a widely used and reliable tech-
nique (80). However, the assessments were made by means
of a telephone survey, and one of the assessments (quality
of life before radiofrequency ablation) was retrospective.
Few reports of assessments performed by telephone have
been published; one recent study suggested that utilities
assessed in this manner provide results similar to those
collected in face-to-face interviews (87). Whether retro-
spectively assessed quality-of-life assessments agree with
prospectively assessed preintervention and postintervention
measures does not seem to have been evaluated. These
limitations raise the question of whether the quality-of-life
assessments that we used overestimated the benefic of
radiofrequency ablation. As demonstrated by our sensitiv-
ity analyses, however, even if the benefit from radiofre-
quency ablation is reduced by a factor of 10, the procedure
still improves quality-adjusted survival compared with
long-term drug therapy.

In summary, radiofrequency ablation substantially im-
proves quality of life and reduces expenditures when used
to treat severely symptomatic patients. This finding is
highly robust, even when we varied our assumptions about
the efficacy and complication rate of radiofrequency abla-
tion. In addition, patients for whom the cost of medical
therapy is more than approximately $450 per year are rea-
sonable candidates for radiofrequency ablation. Although
the magnitude of benefit after radiofrequency ablation in
minimally symptomatic patients has not been studied ad-
equately, only a small incremental benefit is required for
radiofrequency ablation to be cost-effective.
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