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Abstract
Background and Purpose—It is unknown whether supraventricular arrhythmias other than
atrial fibrillation or flutter are associated with stroke.

Methods—To examine the association between paroxysmal supraventricular tachycardia (PSVT)
and stroke, we performed a retrospective cohort study using administrative claims data from all
emergency department encounters and hospitalizations at California’s nonfederal acute care
hospitals in 2009. Our cohort comprised all adult patients with ≥1 emergency department visit or
hospitalization from which they were discharged alive and without a diagnosis of stroke. Our
primary exposure was a diagnosis of PSVT recorded at an encounter before stroke or documented
as present-on-admission at the time of stroke. To reduce confounding, we excluded patients with
diagnoses of atrial fibrillation. We defined PSVT, stroke, and atrial fibrillation using International
Classification of Diseases, Ninth Revision, Clinical Modification codes previously validated by
detailed chart review.

Results—Of 4 806 830 eligible patients, 14 121 (0.29%) were diagnosed with PSVT and 14 402
(0.30%) experienced a stroke. The cumulative rate of stroke after PSVT diagnosis (0.94%; 95%
confidence interval, 0.76%–1.16%) significantly exceeded the rate among patients without a
diagnosis of PSVT (0.21%; 95% confidence interval, 0.21%–0.22%). In Cox proportional hazards
analysis controlling for demographic characteristics and potential confounders, PSVT was
independently associated with a higher risk of subsequent stroke (hazard ratio, 2.10; 95%
confidence interval, 1.69–2.62).

Conclusions—In a large and demographically diverse sample of patients, we found an
independent association between PSVT and ischemic stroke. PSVT seems to be a novel risk factor
that may account for some proportion of strokes that are currently classified as cryptogenic.
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One third of ischemic strokes remain cryptogenic because diagnostic evaluation fails to
reveal an exact cause.1 This uncertainty prevents optimal treatment of risk factors and
impedes efforts to prevent stroke. Accumulating data suggest that some strokes arise from
forms of atrial electric dysfunction other than clinically apparent atrial fibrillation or flutter
(AF)—currently the only arrhythmias that are established stroke risk factors.2 Specifically,
subclinical AF episodes as brief as 6 minutes seem sufficient to increase stroke risk.3

Furthermore, patients with cardioembolic-appearing cryptogenic stroke manifest nonspecific
supraventricular arrhythmias more often than patients with other types of stroke.4 In
addition, several studies have found an association between frequent supraventricular ectopy
and stroke even in the absence of AF.5–7

At the same time, epidemiological evidence suggests that paroxysmal supraventricular
tachycardia (PSVT) is more closely linked to cardiovascular disease than traditionally
appreciated. On the basis of reports from referral centers, PSVT was long viewed as an
isolated conduction disorder manifesting mostly in young and otherwise healthy patients.8

However, more recent population-based data indicate that PSVT affects mostly older
patients with a high burden of cardiovascular disease.9 Therefore, rather than simply
reflecting an atrial or atrioventricular nodal anomaly present at birth, PSVT may also be a
manifestation of acquired atrial myocardial disease in the setting of cardiovascular risk
factors.

Together, these findings suggest that even before AF develops, atrial disease may manifest
as other supraventricular arrhythmias, such as PSVT, and increase stroke risk through some
combination of hypercoagulability,10 inflammation,11 endothelial injury,12 and structural
changes.13 A confirmed association between PSVT and stroke might explain some
proportion of currently cryptogenic strokes, many of which seem radiographically to have
resulted from cardiac embolism.14 However, despite these suggestive data and their
potential implications, it remains unknown whether PSVT is a risk factor for stroke.
Therefore, we, examined the association between clinically documented diagnoses of PSVT
and subsequent stroke.

Materials and Methods
Design

We performed a retrospective cohort study using the 2009 California State Inpatient
Database and State Emergency Department Database. The California Office of Statewide
Healthcare Planning and Development collects data about all emergency department (ED)
visits and hospital stays at nonfederal acute care hospitals in California. After quality-
checking, these data are provided in a deidentified format to the Agency for Healthcare
Quality and Research for its Healthcare Cost and Utilization Project.15 A unique record
linkage number for each patient allows longitudinal tracking of ED encounters and
hospitalizations.16 Up to 25 discharge diagnoses are coded at each encounter using the
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM),
and a separate code indicates whether each diagnosis was present before hospital admission
or developed during the hospitalization.17 Because this publicly available database includes
only deidentified data, our study was exempt from review by the Weill Cornell institutional
review board.

Patients
Our cohort comprised adult patients with ≥1 ED visit or hospitalization from which they
were discharged alive. To reduce the proportion of patients with pre-existing
cerebrovascular disease and enrich our cohort for incident cases of stroke, we excluded
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patients with a stroke diagnosis at their index encounter. To maximize follow-up, we
excluded non-California residents and patients with missing tracking numbers.

Measurements
Our primary outcome was ischemic stroke, defined as ICD-9-CM codes 433.x1, 434.x1, or
436 in any hospital discharge diagnosis position without an accompanying code for
rehabilitation (V57), trauma (800–804 or 850–854), intracerebral hemorrhage (ICH; 431), or
sub-arachnoid hemorrhage (430). This algorithm has been shown to have 86% sensitivity
and 95% specificity for ischemic stroke when validated by detailed chart review.18 Patients
were censored at the time of their first stroke hospitalization; this has been shown to produce
samples in which 88% of strokes are incident cases.18

Our primary exposure variable was any ED or hospital discharge diagnosis of PSVT,
defined by an ICD-9-CM code (427.0) previously validated by detailed chart review to have
a 92% positive predictive value.19 Diagnoses of PSVT were considered exposures only if
recorded at encounters before stroke or documented as present-on-admission (POA) at the
time of the first stroke. POA codes in the California State Inpatient Database are rarely
falsely positive (<14% of cases),20 and POA codes for arrhythmias have been shown to have
90% agreement with blinded chart review,21 indicating that PSVT diagnoses coded as POA
are highly likely to represent pre-existing disease. Nevertheless, to address the possibility
that some cases of PSVT labeled as POA were neurocardiogenic arrhythmias caused by
stroke, we examined the association between PSVT and ICH, which tends to cause at least
as much neurocardiogenic injury.22 ICH was defined using a validated algorithm similar to
that for ischemic stroke.18 To further explore the temporal relationship between PSVT and
stroke, and to address the possibility that PSVT may be more readily documented in patients
hospitalized for stroke, we performed a sensitivity analysis limited to PSVT diagnoses
recorded at ED visits or hospitalizations preceding the first stroke hospitalization.

When examining the association between PSVT and stroke, we excluded patients with AF
documented before or anytime during the initial stroke hospitalization because AF is
associated with PSVT23 and causes stroke.24 We defined AF based on ICD-9-CM codes
(427.31 and 427.32) that have been validated as 95% sensitive and 99% specific.25

To control for other potential confounders in the relationships between our exposures and
outcomes, we adjusted for age, sex, race, insurance status, and cardiovascular comorbidities
previously reported as risk factors for stroke and PSVT: hypertension, diabetes mellitus,
coronary heart disease, congestive heart failure, peripheral vascular disease, chronic kidney
disease, and chronic obstructive pulmonary disease.9,19,26 All comorbidities were defined
using the Healthcare Cost and Utilization Project’s Clinical Classification Software
categorization scheme.15

Statistical Analyses
Patients were assumed to enter observation on January 1, 2009, and were censored at the
time of death or first stroke or on December 31, 2009. Cumulative outcome rates were
calculated using Kaplan–Meier survival statistics and compared using the log-rank test. Cox
proportional hazards analyses were used to examine the associations between our exposures
and outcomes, while controlling for the confounders listed above. The goal of our study was
to isolate the relationship between PSVT and stroke, rather than to create a parsimonious
prediction model, so all model covariates were left in place regardless of their statistical
significance. We assessed for confounders that may have remained after these adjustments
by using the same model to examine the association between PSVT and ICH, which shares
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many of the same risk factors27 but has no apparent reason to be independently associated
with PSVT.

To gauge the face validity of associations between arrhythmias and stroke in this cohort, we
also used the same model to examine the stroke risk associated with AF, which has been
established to increase stroke risk 3-fold.24 To further explore the plausibility of stroke risk
from PSVT, which would be expected to cause cardioembolic stroke and not be associated
with other types of stroke, we performed 2 sensitivity analyses focused on stroke
mechanisms. First, we limited our outcome to ICD-9-CM code 434.11, which has 73%
specificity for embolic stroke subtypes.28 Second, we performed a multiple logistic
regression analysis to test the hypothesis that among stroke patients, prior diagnoses of
PSVT would be less common in those with documented carotid endarterectomy procedures
(ICD-9-CM code 38.12) because these patients would predominantly have had large-artery
atherosclerotic stroke mechanisms.

On the basis of prior reports of age- and sex-dependent heterogeneity in PSVT mechanisms
and stroke risk factors,9,29,30 we performed prespecified secondary analyses stratified by sex
and age (dichotomized as <65 or ≥65 years, approximately the median age in a population-
based cohort of patients with PSVT)9 and checked interaction terms between PSVT and age
and sex in multivariable models.

We analyzed PSVT as a time-varying covariate and verified the proportional hazards
assumption by including an interaction term between PSVT and time. To account for
facility-level characteristics that may differentially affect the diagnosis of PSVT, all models
used robust standard errors accounting for clustering by facility. In addition to those
described above, we performed numerous other sensitivity analyses to explore the
possibility of residual confounding and bias further (Appendix in the online-only Data
Supplement).

Statistical analysis was performed using Stata MP (version 12, StataCorp, TX). The
threshold of statistical significance was set at α=0.05 for all analyses.

Results
Among 4 806 830 adults without a diagnosis of stroke at their index visit (Table I in the
online-only Data Supplement), 14 121 (0.29%; 95% confidence interval [CI], 0.29%–
0.30%) had or eventually received a diagnosis of PSVT, and 14 402 (0.30%; 95% CI,
0.29%–0.30%) eventually received a diagnosis of ischemic stroke (Table II in the online-
only Data Supplement). Patients with PSVT were older and had significantly more
cardiovascular risk factors than those without PSVT (Table 1).

Stroke occurred a median 70 days (interquartile range, 18–157 days) after the index visit.
After excluding patients with AF, the cumulative stroke rate after a diagnosis of PSVT
(0.94%; 95% CI, 0.76%–1.16%) significantly exceeded the rate among patients without
PSVT (0.21%; 95% CI, 0.21%–0.22%; P<0.001, log-rank test; Figure). In a Cox
proportional hazards model controlling for demographic characteristics and potential
confounders, PSVT was independently associated with subsequent stroke (hazard ratio
[HR], 2.10; 95% CI, 1.69–2.62). This association remained essentially unchanged in
numerous sensitivity analyses (Table III in the online-only Data Supplement). No violation
of the proportional hazards assumption was apparent.

Interaction terms revealed significant evidence of variation in the association between PSVT
and stroke by age (P=0.03) but not by sex (P=0.66). PSVT was associated with a higher risk
of stroke in patients ≥65 years of age (unadjusted cumulative rate, 1.72% versus 0.66%;
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adjusted HR, 2.48; 95% CI, 1.96–3.13) but not in patients <65 years of age (unadjusted
cumulative rate, 0.17% versus 0.10%; adjusted HR, 0.53; 95% CI, 0.23–1.25). Post hoc
exploratory analyses across increasing decades of age confirmed that the association
becomes apparent at ≈65 years of age (Table IV in the online-only Data Supplement).

Supporting the face validity of these findings, we found a heightened cumulative rate of
stroke among patients with AF (2.20%; 95% CI, 2.14%–2.27%) and an expectedly strong
association between AF diagnoses and subsequent stroke (HR, 3.35; 95% CI, 3.19–3.52). In
sensitivity analyses limited to arrhythmias documented before the first stroke
hospitalization, these associations were attenuated but remained significant for both PSVT
(HR, 1.33; 95% CI, 1.02–1.73) and AF (HR, 1.86; 95% CI, 1.76–1.96). Conversely, we
found no association between PSVT and the 2700 incident cases of ICH in this cohort (HR,
0.92; 95% CI, 0.53–1.58).

Our main finding remained essentially unchanged when we limited our outcome to
diagnoses of embolic stroke (HR, 1.80; 95% CI, 0.89–3.65), although the result was not
statistically significant given the smaller sample size. Similarly, patients who underwent
documented carotid endarterectomy procedures (and, therefore, presumably had large-artery
atherosclerosis) seemed to have fewer PSVT diagnoses than other patients with stroke (odds
ratio, 0.29; 95% CI, 0.04–2.18).

Discussion
In a large and demographically diverse sample of patients, we found an independent
association between diagnoses of PSVT and subsequent ischemic stroke. This relationship
remained significant after controlling for patient-level confounders and clustering by
hospital facility and persisted in a sensitivity analysis limited to diagnoses of PSVT recorded
at ED visits or hospitalizations before stroke. As expected, we also found a strong
association between diagnoses of AF and subsequent stroke.24 However, we found no
association between diagnoses of PSVT and ICH, which shares many of the same risk
factors as ischemic stroke,27 but has no obviously apparent reason to be caused by PSVT.
These secondary findings provide some assurance that the association we found between
PSVT and stroke is valid and not because of bias or residual confounding.

Our findings are supported by prior studies suggesting a relationship between stroke and
other forms of atrial electric dysfunction besides AF. Engström et al7 prospectively
performed ambulatory cardiac monitoring in a cohort of 402 men and found that AF-free
patients with the highest quintile of supraventricular ectopy faced a 2-fold elevated risk of
stroke. In a similar study, Binici et al5 also found that the highest decile of supraventricular
ectopy conferred an elevated risk of subsequent stroke (HR, 2.79), even after censoring
patients who developed AF. Furthermore, patients with stroke seem to manifest more
supraventricular ectopy than nonstroke controls.31 Finally, patients with cryptogenic stroke
demonstrate more nonspecific supraventricular arrhythmias than those with established
noncardioembolic stroke mechanisms.4,32 Although these studies have relatively small
sample sizes and homogenous populations, they complement and support our findings that
stroke risk from supraventricular arrhythmias is not limited to AF alone.

Our results also resonate with epidemiological findings that PSVT is more heterogeneous
and closely linked to cardiovascular disease than originally appreciated.9 These data are
buttressed by evidence that the mechanism of PSVT varies with age. Although
atrioventricular nodal reentrant tachycardia is most common across all ages, younger
patients often have atrioventricular reentrant tachycardia—reflecting the presence of a
bypass tract, which is a remnant of abnormal embryogenesis—whereas older patients often
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have focal atrial tachycardia, which reflects possible age-related changes to the
atrioventricular node and atrial myocardium29 and additional injury from acquired factors
associated with cardiovascular disease.9 Consistent with this age-dependent heterogeneity in
the mechanisms of PSVT, our results indicate that age may be an effect modifier in the
relationship between PSVT and stroke. Although PSVT in younger patients seems benign,
PSVT in older patients may reflect underlying atrial disease that predisposes to stroke,
possibly through some of the same acquired mechanisms by which AF increases stroke
risk.10–13,33 Given the limitations of administrative claims data, further exploring this
mechanistic hypothesis will require prospective studies incorporating detailed investigations,
such as transesophageal echocardiography, biomarkers, and cardiac imaging.

Our study has 3 key limitations. First, we lacked important clinical information, such as
medication use and detailed characterization of cardiac disease, which may have resulted in
residual confounding. Second, although our cohort was geographically and demographically
diverse, it was not strictly population-based because we included only patients evaluated in
an ED or hospitalized at least once in 2009. These patients are likely to have been more
severely ill than PSVT patients without an ED visit or hospitalization, which may have
resulted in significant case ascertainment bias and increased the apparent association
between PSVT and stroke. However, the same limitation could also have led to
underascertainment of PSVT in patients hospitalized with stroke because we used a PSVT
diagnosis code with high specificity19 but low sensitivity.9 Overall, the baseline
characteristics of patients with PSVT in our cohort closely resemble those of patients in a
strictly population-based study of PSVT9 (Table 2); this supports the generalizability of our
results because it argues that our cohort was representative of the overall population of
patients with PSVT. Third, some patients with PSVT diagnoses may have had undiagnosed
or undocumented AF, thereby confounding the relationship between PSVT and stroke. We
attempted to guard against this by using highly sensitive ICD-9-CM codes25 to exclude AF
patients from our analyses of PSVT and stroke. Furthermore, a prospective study using
periodic cardiac monitoring documented AF in 12% of PSVT patients,23 and undiagnosed or
undocumented AF, which confers a 3-fold higher risk of stroke,24 in 10% to 20% of patients
with PSVT would not completely explain the 2-fold higher risk of stroke seen with PSVT in
our cohort. Our results instead suggest that underlying atrial disease may sometimes
manifest as PSVT and increase stroke risk before AF develops. This would be consistent
with recent findings that a substantial proportion of patients with cryptogenic stroke
manifest nonspecific supraventricular arrhythmias but no AF during several weeks of
continuous poststroke cardiac monitoring,34,35 only to manifest AF several months later.36

Given that ≈750 000 patients in the United States have PSVT,9 our results point to a novel
stroke risk factor that may account for some proportion of currently cryptogenic strokes. In
light of the limitations of the administrative claims data on which our study is based, our
findings are hypothesis-generating and require confirmation in prospective studies of the
epidemiological and mechanistic link between PSVT and stroke. If confirmed in other
studies, knowledge of this association may lead to the evaluation and adoption of new
antithrombotic strategies that could ultimately reduce the substantial public health burden of
stroke.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure.
Cumulative rates of ischemic stroke are shown according to whether or not patients had a
preexisting diagnosis of paroxysmal supraventricular tachycardia (PSVT).
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Table 1

Baseline Characteristics of Cohort Stratified by Diagnosis of Paroxysmal Supraventricular Tachycardia*

Characteristic Overall (n=4 806 830) PSVT (n=14 121) No PSVT (n=4 792 709)

Age, median (IQR), y 46 (30–62) 69 (55–81) 46 (30–62)

Women 2 833 725 (59.0) 8522 (60.3) 2 825 203 (58.9)

Race/ethnicity†

 White 2 451 146 (53.8) 9005 (66.3) 2 442 141 (53.8)

 Black 441 114 (9.7) 1238 (9.1) 439 876 (9.7)

 Hispanic 1 205 595 (26.5) 1952 (14.4) 1 203 643 (26.5)

 Asian or Pacific Islander 314 120 (6.9) 1081 (8.0) 313 039 (6.9)

 Native American 6074 (0.1) 7 (0.1) 6067 (0.1)

 Other 135 763 (3.0) 295 (2.2) 135 468 (3.0)

Payment source

 Medicare 1 144 318 (23.8) 8007 (56.7) 1 136 311 (23.7)

 Medicaid 708 395 (14.7) 1039 (7.4) 707 356 (14.8)

 Private insurance 1 992 935 (41.5) 4202 (29.8) 1 988 733 (41.5)

 Self-pay 662 013 (13.8) 539 (3.8) 661 474 (13.8)

 Other 298 476 (6.2) 331 (2.3) 298 145 (6.2)

Vascular risk factors

 Hypertension 1 101 552 (22.9) 7269 (51.5) 1 094 283 (22.8)

 Diabetes mellitus 535 186 (11.1) 3193 (22.6) 531 993 (11.1)

 Coronary heart disease 300 321 (6.2) 3155 (22.3) 297 166 (6.2)

 COPD 200 162 (4.2) 1911 (13.5) 198 251 (4.1)

 Congestive heart failure 152 373 (3.2) 2188 (15.5) 150 185 (3.1)

 Renal insufficiency 146 031 (3.0) 1589 (11.3) 144 442 (3.0)

 PVD 67 154 (1.4) 754 (5.3) 66 400 (1.4)

COPD indicates chronic obstructive pulmonary disease; IQR, interquartile range; PSVT, paroxysmal supraventricular tachycardia; and PVD,
peripheral vascular disease.

*
Data are presented as number (%) of participants unless otherwise specified.

†
The apparent racial/ethnic imbalances among patients with and without PSVT are attenuated after accounting for age; for example, among those

≥65 y of age, 70.6% of patients with PSVT and 67.8% of patients without PSVT were white.
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Table 2

Baseline Characteristics of Patients With Paroxysmal Supraventricular Tachycardia Compared With
Population-Based Marshfield Epidemiological Study Area Cohort*

Characteristic California Cohort Marshfield Cohort9

Age, median, y 69 63

Women 60 70

Hypertension 52 46

Coronary heart disease 22 21

Congestive heart failure 16 18

*
Data are presented as percentage of participants unless otherwise specified.
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