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Nonsustained Ventricular Tachycardia
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Nonsustained ventricular tachycardia (NSVT) has been recorded in a wide range of conditions, from apparently
healthy individuals to patients with significant heart disease. In the absence of heart disease, the prognostic sig-
nificance of NSVT is debatable. When detected during exercise, and especially at recovery, NSVT indicates in-
creased cardiovascular mortality within the next decades. In trained athletes, NSVT is considered benign when
suppressed by exercise. In patients with non–ST-segment elevation acute coronary syndrome, NSVT occurring
beyond 48 h after admission indicates an increased risk of cardiac and sudden death, especially when associ-
ated with myocardial ischemia. In acute myocardial infarction, in-hospital NSVT has an adverse prognostic signif-
icance when detected beyond the first 13 to 24 h. In patients with prior myocardial infarction treated with reper-
fusion and beta-blockers, NSVT is not an independent predictor of long-term mortality when other covariates
such as left ventricular ejection fraction are taken into account. In patients with hypertrophic cardiomyopathy,
and most probably genetic channelopathies, NSVT carries prognostic significance, whereas its independent prog-
nostic ability in ischemic heart failure and dilated cardiomyopathy has not been established. The management
of patients with NSVT is aimed at treating the underlying heart disease. (J Am Coll Cardiol 2012;60:
1993–2004) © 2012 by the American College of Cardiology Foundation
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Nonsustained ventricular tachycardia (NSVT) is defined as
3 (sometimes 5) or more consecutive beats arising below the
atrioventricular node with an RR interval of �600 ms
(�100 beats/min) and lasting �30 s (1). This definition,

owever, is not universal. NSVT has also been defined as
uns of �16 beats with a rate �125 beats/min (2) or �120

beats/min (3), using a time cutoff of 15 s (4), or even
without strictly defined diagnostic criteria (5). Thus, reliable
epidemiological data on NSVT are difficult to obtain,
particularly because reproducibility of NSVT recordings on
Holter monitoring is documented in only half of the
patients with this arrhythmia (6). Although NSVT may
cause symptoms of palpitations, usually it is asymptomatic
because of its brevity and the nature of the short-lived
episodes of arrhythmia may not allow a clear distinction
between monomorphic and polymorphic ventricular
rhythms. When NSVT is documented in the context of a
history of established monomorphic VT, it is usually mono-
morphic and may demonstrate the same morphology and
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share the same mechanism with the clinical sustained
arrhythmia, especially in cases of idiopathic VT.

In several clinical settings, NSVT is a marker of increased
risk for subsequent sustained tachyarrhythmias and sudden
cardiac death (SCD), whereas it may have no prognostic
significance in others. The important tasks of the physician
are to detect those apparently healthy individuals in whom
NSVT represents a sign of occult disease, and to risk-
stratify patients with known disease who present with this
arrhythmia to provide therapy that mitigates associated
risks. This may not always be easy in clinical practice.
Whether NSVT provokes sustained, life-threatening ar-
rhythmias or is simply a surrogate marker of a more severe
underlying pathology is still unknown in most clinical
settings.

NSVT in Apparently Normal Heart

In asymptomatic, apparently healthy persons, NSVT epi-
sodes may be recorded at rest (7–9). Although Framingham
data have suggested an association with increased mortality
(7), especially in persons with left ventricular hypertrophy
(8), the prognostic significance of spontaneous NSVT
recorded in apparently healthy individuals has not been
established (9). Recent data have demonstrated that runs of
�2 consecutive ventricular depolarizations during exercise
or at recovery may occur in up to 3% of healthy men and
predict an increase in cardiovascular mortality within the
next 23 years by a factor of more than 2.5 (10). Frequent

ventricular ectopy during recovery after exercise is a better
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predictor of an increased risk of
death than ventricular ectopy oc-
curring only during exercise (11).

NSVT may also be recorded in
professional athletes without struc-
tural heart disease but is considered
benign and without long-term im-
plications when suppressed by exer-
cise (12–14). Arrhythmia episodes
decrease during periods of decondi-
tioning, and resumption of training
is safe (15,16). The mechanism of
NSVT in this setting is unknown. A
shift of autonomic modulation from
parasympathetic to sympathetic pre-
dominance induced by intensive
endurance training and sinus brady-
cardia–induced ventricular ectopy
have been postulated (15). NSVT in
athletes is considered part of the
“athlete’s heart syndrome” (12,15)
and has no adverse prognostic sig-
nificance, provided conditions such
as hypertrophic cardiomyopathy
(HCM), early repolarization syn-
drome, and other genetic chan-
nelopathies are excluded. The early
repolarization pattern, manifested
as QRS slurring or notching, has
long been considered to be a be-
nign electrocardiogram (ECG)
manifestation that is seen more
commonly in young healthy men
and athletes (17), but there has
been evidence suggesting that it
may be associated with a risk for

ventricular fibrillation (VF), depending on the magnitude of
the J wave and degree of ST elevation (18–22). A horizon-
tal/descending type (defined as �0.1 mV elevation of the
ST segment within 100 ms after the J point) may help to
identify those individuals who are clearly at risk (23).

Age, general condition, previous medical history, history
of sudden death and syncopal episodes in family members,
and conditions such as electrolyte disturbances, metabolic
imbalance, and proarrhythmic effect of drugs should be
considered. Ischemic heart disease (IHD) should be ex-
cluded in patients age �40 years with episodes of NSVT.

efore age 40 years, patients should be evaluated primarily
o rule out nonischemic causes of arrhythmia, including
atent hypertension and valve disease, cardiomyopathies,
nd inherited channelopathies such as long QT syndrome
LQTS), catecholaminergic polymorphic VT, Brugada syn-
rome, and other early repolarization syndromes that usu-
lly present with polymorphic episodes (Fig. 1, Table 1).

Repetitive ectopics of the same morphology and monomor-

Abbreviations
and Acronyms

ARVC � arrhythmogenic
right ventricular
cardiomyopathy

ECG � electrocardiogram

EPS � electrophysiological
study

HCM � hypertrophic
cardiomyopathy

ICD � implantable
cardioverter-defibrillator

IHD � ischemic heart
disease

LBBB � left bundle branch
block

LQTS � long QT syndrome

LVEF � left ventricular
ejection fraction

LVOT � left ventricular
outflow tract

MI � myocardial infarction

MRI � magnetic resonance
imaging

NSVT � nonsustained
ventricular tachycardia

PVC � premature
ventricular contraction

RBBB � right bundle
branch block

RVOT � right ventricular
outflow tract

SCD � sudden cardiac
death

VF � ventricular fibrillation
phic episodes, nonsustained or sustained, suggest idiopathic
VT or arrhythmogenic right ventricular cardiomyopathy
(ARVC). Electrophysiology testing is usually performed as
part of a planned ablation procedure in medically refractory
patients and may be required to differentiate NSVT from
short runs of atrial fibrillation in the context of an accessory
pathway or other forms of aberration when this cannot be
done from surface tracings (Table 1). When no pathology is
identified, the tachycardia does not need specific therapy
other than for symptomatic relief, but follow-up of the
patient is advisable because inherited channelopathies may
remain latent for several years (24).
Idiopathic VT. Monomorphic episodes of NSVT in ap-
parently healthy individuals are often due to idiopathic
ventricular outflow arrhythmias usually present in the form
of repetitive uniform premature ventricular contractions
(PVCs), repetitive monomorphic NSVT originally described
by Gallavardin (that usually disappears as the heart rate
increases with exercise), and paroxysmal sustained monomor-
phic VT (that is usually exercise provoked) (25,26). These
tachycardias are adrenergically mediated and sensitive to aden-
osine or verapamil, which lower intracellular calcium level.
Thus, triggered activity secondary to cAMP-mediated delayed
after-depolarizations is the most probable mechanism (26).
Tachycardias mainly (70% to 80%) arise in the right
ventricular outflow tract (RVOT) and rarely below it, and
20% to 30% from the left ventricular outflow tract (LVOT).
The tachycardia often occurs during exercise but disappears
as the heart rate increases and returns during the recovery
period (25). Repetitive behavior has also been documented
in various clinical settings, including cardiomyopathy and
previous myocardial infarction (MI) (27), as well as idio-
pathic VT originating in the aortic valve cusps (28). When

Figure 1 Clinical Approach to the Patient With NSVT

CAD � coronary artery disease; CPVT � catecholaminergic polymorphic ventric-
ular tachycardia; LQTS � long QT syndrome; NSVT � nonsustained ventricular
tachycardia; VT � ventricular tachycardia.
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a 12-lead ECG displaying NSVT runs is available, RVOT
tachycardias produce a left bundle branch block (LBBB)
pattern with inferior axis and R/S transition at or beyond
V4. LVOT tachycardias may produce a right bundle branch
block (RBBB) morphology with inferior axis and R/S
transition at V1 or V2. The presence of NSVT in patients

ith idiopathic ventricular outflow tract arrhythmias indi-
ates a higher propensity for inducibility of VT during
ntracardiac electrophysiology study (EPS) compared with
solated PVCs (48% vs. 4%). At exercise, the incidence of
T in this group is 10% (26). The diagnosis of RVOT

diopathic NSVT must be differentiated from that of
RVC or other forms of cardiomyopathy (Fig. 2) (29). This

s not always straightforward because patients with RVOT
T may have subtle structural and functional abnormalities
f the RVOT as detected by magnetic resonance imaging-
MRI) (30) or myocardial biopsy (31). QRS duration in lead

of �120 ms, earliest-onset QRS in lead V1, QRS

Specific Management of NSVTTable 1 Specific Management of NSVT

Clinical Setting Investiga

Idiopathic NSVT Differentiate from ARVC

Arrhythmogenic ventricular cardiomyopathy Value of EPS not established;
intermediate arrhythmic ris

Hypertension, valve disease No need for specific managem

Non-STE ACS, NSVT �48 h after admission Meticulous ischemia testing

Acute MI, NSVT �13–24 h until
pre-discharge

Routine for acute MI

Previous MI with LVEF of 31%–40% Ischemia testing; EPS†

Previous MI with LVEF �30% or LVEF �35%
and NYHA functional class II/III

Ischemia testing; no EPS†

Asymptomatic CAD with EF �40% Ischemia testing

Syncope in CAD with EF �40% Ischemia testing; EP testing†

Nonischemic dilated cardiomyopathy Value of EP testing not establi

Hypertrophic cardiomyopathy Evaluate additional risk factors
unexplained syncope, mass
(�30 mm), hypotensive or
pressure response to uprigh

Congenital heart disease
(usually repaired Fallot)

EP testing

Long QT syndrome Genotype analysis useful

Catecholaminergic polymorphic VT Value of EP testing not establi

Brugada syndrome Value of EP testing disputed

*Optimal medical therapy for NSVT in the setting of CAD is defined as administration of beta-blo
inhibitors or angiotensin receptor blockers. †If conditions remain the same after indicated revasc
that of VT induced by 1 or 2 extrastimuli. Monomorphic VT, as opposed to VF, usually does not re
recommended if indications exist �40 days after MI.

ARVC � arrhythmogenic right ventricular cardiomyopathy; CAD � coronary artery disease;
PS � electrophysiology study; ICD � implantable cardioverter-defibrillator; LVEF � left ventricula

syndrome (non–ST-segment elevation myocardial infarction or unstable angina); NSVT � nonsusta
fibrillation; VT � ventricular tachycardia.
notching, and a transition of V5 or later predict the presence
of ARVC (32). NSVT originating from the RVOT may
occasionally cause syncope, although the risk of death is very
low. Short cycle length during NSVT and history of
syncope are predictors of coexistence of VF or polymorphic
VT (33). In apparently normal hearts, NSVT due to bundle
branch re-entry may be seen (34). The 12-lead ECG, when
obtainable, may show either LBBB or RBBB pattern depending
on the orientation of activation of the bundle branches. Micro-
reentry within the Purkinje network may produce NSVT, or
sustained VT, with a narrow QRS and RBBB with left axis
(microreentry in the posterior fascicle), or rarely, inferior axis
(anterior fascicle) (35,36).

In symptomatic patients, treatment should be directed
toward relief of tachycardia-related symptoms with beta-
blockers or calcium-channel blockers and adenosine, if
needed in an acute setting. Class IC antiarrhythmic drugs,
preferably in combination with beta-blockers (37), because,
by definition, IHD or LV hypertrophy have been excluded,

Therapy

Beta-blockers, calcium-channel blockers; RF ablation if
inducible sustained VT, progressively reduced LVEF,
or symptoms

ndicates
per year)

Not established; perhaps amiodarone or sotalol;
ICD frequently considered

Optimal antihypertensive therapy including
beta-blockers

Revascularization and optimal medical therapy*

Revascularization and optimal medical therapy

Revascularization and optimal medical therapy;
if EP-inducible monomorphic VT or VF,‡ ICD§

Revascularization and optimal medical therapy;
ICD§

Revascularization and optimal medical therapy;
no need for specific NSVT therapy

Revascularization and optimal medical therapy;
if EP-inducible monomorphic VT or VF,‡ ICD

Optimal CCF therapy (medical and CRT if indicated);
ablation for bundle branch re-entry; ICD for syncope
or LVEF �35% and NYHA functional class II/III

ious cardiac arrest,
hypertrophy
ated blood
ise

Beta-blockers; ICD, especially with frequent and
prolonged (�10 beats) episodes of NSVT

Predictive value of NSVT not established; consider
corrective surgery; if VT inducible, ablation and ICD

Beta-blockers; if syncope despite beta-blockers, ICD

Beta-blockers and perhaps calcium-channel blockers;
if cardiac arrest, ICD

Possibly quinidine (more data needed);
if cardiac arrest, ICD

essential unless absolutely contraindicated), aspirin, statins, and angiotensin-converting enzyme
ion. ‡Prognostic significance of inducible monomorphic VT induced by 3 extrastimuli is similar to
to revascularization. VF induced by 3 extrastimuli may represent a nonspecific response. §ICD is

congestive cardiac failure; CRT � cardiac resynchronization therapy; EF � ejection fraction;
ion fraction; MI � myocardial infarction; non-STE ACS: non–ST-segment elevation acute coronary
ntricular tachycardia; NYHA � New York Heart Association; RF � radiofrequency; VF � ventricular
tions
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may also be tried. If medication is not effective, radiofre-
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quency catheter ablation is recommended and is successful
in more than 80% of cases with a low risk of relapse during
follow-up (38).
Genetic channelopathies. Patients with Brugada syndrome
also have an apparently normal heart, and the resting ECG
may not always display the typical Brugada type 1 pattern.
Although there are no systematic studies evaluating prognostic
significance of NSVT in Brugada syndrome, there is agree-
ment that symptomatic patients (i.e., those with syncope or
cardiac arrest) should be treated with implantable cardioverter-
defibrillators (ICDs) (39).

Usually cardiac events in LQTS, which can also be latent,
are due to prolonged NSVT episodes that might degenerate
into VF (40). However, transient, asymptomatic runs of
polymorphic NSVT are also common. The morphologically
distinctive torsade de pointes QRS may also present as a
nonsustained tachycardia that occurs in 3 common settings:
congenital LQTS, drug-associated QT prolongation, and
patients with advanced conduction system disease that has
progressed to heart block (41). Typically, there is a long
(600 to 800 ms) coupling interval of the initial beat of the
torsades, whereas the last QRS complex of the episode is
longer than the normal QRS during sinus rhythm. The

Figure 2
Runs of Pleomorphic (>1 Monomorphic Morphology)
NSVT Recorded in a 52-Year-Old Man Referred for
Catheter Ablation

Magnetic resonance imaging disclosed pathology of both the septal and lateral
areas of the right ventricle, thus suggesting cardiomyopathy rather than idio-
pathic VT. The patient was treated with catheter ablation of the predominant
ectopic morphology and cardioverter-defibrillator implantation. Abbreviations as
in Figure 1.
tachycardia that usually occurs in the setting of bradycardia
or long post-ectopic pauses is often repetitive and may
trigger VF. A variety of torsades initiating with a short
coupling interval in patients without any evidence of LQTS
and that could be nonsustained has also been described (42).
Beta-blockers are the therapy of choice in patients with
LQTS (43), but their effectiveness is reduced in LQT2 and
LQT3 (44). Patients with recurrent syncope despite beta-
blocker therapy as well as asymptomatic patients with a
QTc �550 ms and additional risk factors should be con-
sidered for ICD therapy (45).

Exercise may also induce NSVT in patients with familial
catecholaminergic polymorphic VT. Arrhythmias in this
rare but very lethal condition may originate from the LVOT
and less frequently from the RVOT or RV apex. QRS
morphology suggests an outflow tract origin of the initiating
beat in more than 50% of patients, and subsequent beats
portray a polymorphic or typically bidirectional VT mor-
phology (46). NSVT induced by treadmill exercise testing
aimed at evaluating presumed LQTS suggests cat-
echolaminergic polymorphic VT rather than LQTS (47).
Beta-blocker therapy is the treatment of choice, probably
together with calcium-channel blockers (48). Defibrillator
implantation may be necessary in addition to beta-blockers
in patients with syncope or VT (49).

Systemic Hypertension and Valve Disease

In systemic hypertension (50,51) and valvular disease (52),
ventricular arrhythmias are common but less well character-
ized and usually represent polymorphic rhythms. In patients
with arterial hypertension, NSVT is correlated with the
degree of cardiac hypertrophy and subendocardial fibrosis.
Approximately 12% to 28% of patients with hypertension
and LV hypertrophy present with NSVT as opposed to 8%
of patients with hypertension alone (50,51). The exact
mechanism of ventricular arrhythmia in hypertension or
valve disease is not known. Stretch-induced abnormal au-
tomaticity or triggered activity, fibrotic tissue and loss of
connections between cell bundles that promotes re-entry,
and subendocardial ischemia have been proposed (52).

The prognostic value of NSVT in patients with lone
hypertension (without evidence for concomitant IHD) re-
mains unclear. In patients with valvular disease, the inci-
dence of NSVT is considerable (up to 25% in aortic stenosis
and in significant mitral regurgitation) and appears to be a
marker of underlying LV pathology (52). Presence of
NSVT is usually associated with LV hypertrophy or dys-
function, but no convincing evidence exists to prove that
NSVT is an independent predictor of sudden death in
patients with valve disease. Kilgfield et al. (53) estimated the
annual risk of SCD in patients with mitral valve prolapse at
1.9 of 10,000 patients, lower than the annual risk of SCD
from all causes in the adult population in the United States.
A multivariate analysis also failed to identify ventricular
arrhythmias (as opposed to New York Heart Association

functional class, atrial fibrillation, and LV ejection fraction
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[LVEF]) as an independent predictor of sudden death in
mitral prolapse (54). Most of the reported patients with
mitral valve prolapse demonstrate LBBB morphology dur-
ing tachycardia, thus raising the possibility that the mitral
valve prolapse might be an incidental finding or that the
arrhythmia is due to other mechanisms not directly related
to the mechanical stress imposed upon the ventricle by the
valvular apparatus (54,55). The occurrence of NSVT in
patients with hypertension requires evaluation of IHD.
Aggressive treatment of hypertension (including beta-
blockers) is the therapy of choice in patients with hyperten-
sion and NSVT. There is no evidence that NSVT after
valve replacement carries adverse prognostic significance.
The majority of patients with mitral valve prolapse and
NSVT do not require extensive diagnostic evaluation or
treatment (Table 1). In symptomatic patients with NSVT,
beta-blockers are considered the first-line therapy.

Coronary Artery Disease

Non–ST-segment elevation acute coronary syndromes.
In non–ST-segment elevation acute coronary syndromes,
NSVT is detected in 18% to 25% of patients 2 to 9 days
after admission (56), and even short episodes of VT lasting
4 to 7 beats are independently associated with the risk of
SCD over the subsequent year. In the MERLIN-TIMI 36
(Metabolic Efficiency With Ranolazine for Less Ischemia in
Non–ST-Elevation Acute Coronary Syndromes–Thrombolysis
in Myocardial Infarction 36) trial in 6,300 patients who had
7-day continuous ECG monitoring, there was a �2-fold
increase in the risk of SCD in patients with NSVT
occurring �48 h after admission (56). There was no
ncreased risk of SCD in patients with ventricular triplets,
nd earlier episodes within 48 h after admission did not
arry the same risk. The coexistence of NSVT with myo-
ardial ischemia, defined as �1 mm ST-segment depression

lasting �1 min, indicated 10% risk of sudden death, with
ost episodes occurring within the first 3 months after the

ocumentation of NSVT and ischemia (Fig. 3) (57).
Myocardial infarction. In acute MI, NSVT during the
first 24 h is frequent (45% in patients without thrombolysis
and up to 75% in reperfused patients) (1,58). Following the
first 7 days after MI, NSVT is detected in approximately
6.8% to 13.4% of patients in the reperfusion era (59–62),
which is not much different than that reported in the
pre-thrombolysis era (63). The detected incidence of NSVT
by a cardiac monitor implanted 2 to 5 days after MI in
patients with LVEF �40% over a 2-year period was 13%
(2). Usually monomorphic NSVT is seen in the context of
re-entry at the borders of a ventricular scar due to
previous MI, whereas ischemia most of the time induces
polymorphic NSVT/VF (64). The QRS morphology
during monomorphic tachycardia may show either RBBB
or LBBB pattern or may even be nonspecific (Fig. 4).
Both RBBB and LBBB patterns can be seen in the same

patient when the infarct scar involves the interventricular
septum. The coexistence of necrotic and viable myocar-
dium, as well as increased LV mass and end-systolic
volume, predict NSVT (65).

In acute MI, NSVT during the first 13 (66) to 24 h (58)
does not carry prognostic significance. In-hospital NSVT
beyond this period indicates increased in-hospital mortality.
Following discharge, NSVT after MI predicted higher
long-term mortality in earlier studies (67,68). Evidence
from the reperfusion era suggests that NSVT no longer
appears to be an independent predictor of death in the
patient with IHD if other factors such as EF are taken into
account (4,59). NSVT has not been found to be an
independent predictor of arrhythmic or total mortality in
the studies of Hohnloser et al. (325 patients with MI) (60)
and DANAMI-2 (Danish Trial in Acute Myocardial In-
farction-2; 501 patients with fibrinolysis and 516 patients
with primary angioplasty) (61). In a study of 2,130 infarct

Figure 3 Cumulative Incidence of
Cardiovascular Death and Sudden Cardiac Death

Cumulative incidence of (A) cardiovascular death and (B) sudden cardiac
death according to presence of VT, ischemia, or both in patients with
non–ST-segment elevation acute coronary syndrome and NSVT recorded by
7-day continuous electrocardiogram monitoring. HR � hazard ratio; MI � myo-
cardial infarction; TIMI � Thrombolysis In Myocardial Infarction; other abbrevia-
tions as in Figure 1. Reproduced with kind permission from Harkness et al.
Am J Cardiol 2011;108:1373–81.
survivors, Makikallio et al. (69) reported that NSVT pre-
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dicted SCD only in patients with LVEF �35%. No Holter
variable was predictive of outcome in the presence of LVEF
�35% (69). In the modern era, only the ATRAMI (Auto-
nomic Tone and Reflexes After Myocardial Infarction) trial
(1,071 post-MI patients) found NSVT to be an indepen-
dent predictor of adverse prognosis (61). Recently, the
CARISMA (Cardiac Arrhythmias and Risk Stratification
After Acute Myocardial Infarction) Study Group (2) re-
ported on long-term cardiac arrhythmias recorded by a
cardiac monitor implanted 2 to 5 days after MI in 297
patients with LVEF �40%. NSVT (VT �125 beats/min
or �16 beats lasting �30 s) was the most frequent
entricular arrhythmia recorded in the study (incidence of
3%) but was not associated with cardiac death over the
ext 2 years in multivariate analysis. With reperfusion
nd use of beta-blockers, therefore, NSVT after MI may
ot be an independent predictor of mortality, especially
fter EF is taken into account, and its prognostic signif-
cance is ambiguous.

ther clinical settings. The circumstances under which
SVT occurs are of clinical importance. MUSTT (Multi-

enter Unsustained Tachycardia Trial) data have shown a
orse prognosis in patients with out-of-hospital, as opposed

o in-hospital, identified NSVT (70). In patients subjected
o surgical coronary revascularization, the occurrence of
SVT within the early (�10 days) post-revascularization

eriod is associated with a far better outcome than when it
ccurs later after coronary artery bypass graft or in non–
ost-operative settings (71). However, when sustained VT
s inducible in patients with early post-operative NSVT, the
utcome is worse compared with that for noninducible
atients (72). In the MUSTT study, racial differences were

Figure 4 NSVT in a Patient With a
Previous Small Anteroseptal Infarct

This is monomorphic NSVT (left bundle branch block–like morphology)
most probably related to the septal scar. Abbreviation as in Figure 1.
lso shown to influence outcome of patients with NSVT N
nd reduced LV function (73). Few recent data on patients
ith stable IHD and LVEF �40% exist.
linical assessment of ischemic patients with NSVT.
ests of ischemia are mandatory. Acute myocardial isch-

mia is an established cause of polymorphic ventricular
hythms (64). The association of monomorphic NSVT, a
ubstrate-dependent arrhythmia, with acute ischemia is less
ell characterized, but ischemia may induce sustained or
onsustained monomorphic VT in the presence of a myo-
ardial scar (74,75).

Echocardiography may detect signs of cardiomyopathy or
ther structural abnormalities and impaired LV function.
here has been overwhelming evidence that in patients
ith heart disease in general, LVEF is the major deter-
inant of cardiac and total mortality (3,4,76). However,
VEF does not always predict ICD intervention in
atients with ischemic or nonischemic cardiomyopathy
77), and analysis of arrhythmic death in 674 patients
nrolled in the MUSTT study showed that patients
hose only risk factor was EF �30% had a predicted
-year arrhythmic death risk �5% (78).
Holter monitoring is a valuable diagnostic tool for de-

ecting patients with NSVT, and 7-day Holter monitoring
mproves the detection of ventricular arrhythmic episodes
79). However, the suppression of frequent ventricular
ctopy or NSVT runs with antiarrhythmic drugs does not
mply a favorable diagnosis (80) and may increase mortality
81,82). Thus, Holter monitoring may be useful for risk
tratification purposes by means of detecting episodes of
SVT in certain clinical settings, but its use for the

ubsequent follow-up and evaluation of treatment is limited.
The major utility of EPS testing in patients with NSVT

nd IHD is for LVEF between 30% and 40%. In NSVT in
he context of reduced LVEF (�40%), inducibility of
ustained monomorphic VT at baseline EPS was associated
ith a 2-year actuarial risk of sudden death or cardiac arrest
f 50% compared with a 6% risk in patients without
nducible VT (83). Noninducible patients in the MUSTT
tudy had a significantly lower risk of cardiac arrest or
udden death compared with inducible patients at 2 and 5
ears (12% vs. 24% and 18% vs. 32%, respectively) (84), and
he higher percentage of events that were arrhythmic among
atients with inducible tachyarrhythmia appeared more
istinct among patients with an EF �30% (61% of events
ere arrhythmic among inducible and only 42% among
oninducible patients, p � 0.002) (85).
The results of the ATRAMI trial (61) regarding the

rognostic significance of heart rate variability have not
een reproduced by other studies (86–88), and autonomic
arkers, as well as signal-averaged ECG, in the beta-

locking era have limited predictive power in identifying
atients at risk of SCD (89). Promising results on the
redictive ability of T-wave alternans tests have not been
onsistent (90–92). In patients with LVEF �40% and

SVT, strategies employing microvolt T-wave alternans,
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EPS, or both might identify subsets of patients least likely
to benefit from ICD insertion (93).
Therapy of ischemic patients with NSVT. The treatment
of ischemic patients with NSVT should first include mod-
ern therapy for IHD, such as revascularization, beta-
blockers, statins, and angiotensin II receptor blockers or
angiotensin-converting enzyme inhibitors. Revasculariza-
tion and beta-blockade seem to be especially important in
acute coronary syndromes in this respect (57). Flecainide
(81,82) and sotalol (94) increase mortality, whereas ami-
odarone shows a trend toward reducing arrhythmia epi-
sodes but without significantly affecting total mortality
(95,96) or even showing a trend toward increasing it (97).
Therefore, no antiarrhythmic drug is suitable for primary
prevention of cardiac death with exception for beta-
blockers, which were shown in several studies to reduce
total and cardiac mortality in post-infarction patients, at
least during the first year post-MI (98). There are no data
indicating that NSVT in post-infarction patients with
EF �40% requires specific antiarrhythmic therapy apart
from beta-blockade. The role of EPS-guided therapy in
these patient populations remains to be determined.
Patients presenting with syncope and with inducible VF,
or especially monomorphic VT, should be considered for
ICD in the absence of reversible ischemia (Table 1).

LV Dysfunction and Heart Failure

In patients with ischemic and nonischemic heart failure and
LVEF �30% to 40%, the reported prevalence of NSVT is
30% to 80% (99,100). In dilated cardiomyopathy, NSVT
has been detected in 40% to 50% of patients (101–103). In
approximately 10% of the cases of idiopathic dilated cardio-
myopathy, sustained or nonsustained VT is due to bundle
branch re-entry (104). These tachycardias are usually unsta-
ble, and the 12-lead ECG may show either LBBB or RBBB
pattern.

No convincing data on the predictive ability of NSVT
exist in patients with heart failure. The GESICA-GEMA
(Grupo de Estudio de la Sobrevida en la Insuficiencia
Cardiaca en Argentina–Grupo de Estudios Multicéntricos
en Argentina) investigators identified NSVT as an indepen-
dent predictor of total mortality in 516 patients with heart
failure (35% to 40% IHD) and LVEF �35% (99); NSVT
detected on Holter monitoring and lack of use of beta-
blockers, but not LVEF, have been found predictive for
ICD-derived arrhythmias in patients with ischemic or
nonischemic cardiomyopathy (77). However, after adjust-
ment for other variables and especially for LVEF, NSVT
was not an independent predictor of sudden death or total
mortality in 674 patients with heart failure and LVEF
�35% to 50% (70% to 75% IHD) who were enrolled in the
CHF STAT (Survival Trial of Antiarrhythmic Therapy in
Congestive Heart Failure) (80,100). Similar results were
published by the PROMISE (Prospective Randomized

Milrinone Survival Evaluation) investigators; 1,080 patients w
with New York Heart Association class III/IV symptoms
and LVEF �35% were enrolled in the PROMISE study
5). Only during the recovery period after exercise has
requent ventricular ectopy been found to carry an adverse
rognostic significance in patients with heart failure (105).
here is also no consistency in reports investigating the

ssociation between NSVT and cardiac mortality in series
ith nonischemic dilated cardiomyopathy only. In the
arburg cardiomyopathy study, arrhythmia risk stratifica-

ion was performed on 343 patients with dilated cardiomyo-
athy (3). On multivariate analysis, only LVEF was found
o be a significant predictor of major arrhythmic events,
ith a relative risk of 2.3 per 10% decrease of EF. However,
atients with NSVT in the context of LVEF �30% had an
-fold arrhythmia risk compared with patients with LVEF
30% without NSVT (3). Recently, LVEF, NSVT, and

teeper QTe slope (assessed by dedicated software) were
ound to be significant predictors of arrhythmic events
106). Interestingly, after medical stabilization with
ngiotensin-converting enzyme inhibitors and beta-
lockers, the number and length of NSVT runs did not
ncrease the risk of major ventricular arrhythmias in
atients with LVEF �35% as opposed to those with
VEF �35% (107).
linical assessment and therapy. The most useful risk

tratifier is still LVEF despite its limitations, and recom-
endations for ICD are mainly based on LVEF and

ymptomatic status of heart failure. In ischemic patients,
rogrammed stimulation is indicated in the presence of
SVT when LVEF is 30% to 40%, as previously discussed.
he prognostic usefulness of programmed stimulation in
atients with nonischemic dilated cardiomyopathy, in-
luding those with NSVT, remains controversial (108,109).
here has been some evidence that inducibility of ventricular

rrhythmias (110) and especially polymorphic VT or VF (111)
ndicates increased likelihood of subsequent ICD therapies and

ight be considered a useful risk stratifier. In patients with
onischemic cardiomyopathy, signal-averaged ECG does not
redict sudden death (3), and results on the value of heart rate
ariability have also been conflicting (112,113).

Amiodarone therapy was associated with decreased mor-
ality in the GESICA trial (97), whereas no such effect was
bserved in the CHF-STAT trial (80) or the SCD-HeFT
Sudden Cardiac Death in Heart Failure Trial) (114).
ronedarone also did not fulfill hopes regarding its preven-

ion of mortality in patients with heart failure (115). Certain
atients with NSVT in the context of reduced LV function
eed an ICD, as has been demonstrated in the MADIT
Multicenter Automatic Defibrillator Implantation Trial)
116), MUSTT (117), MADIT II (118), and SCD-Heft
114) trials (Table 1). ICDs, however, should be considered
40 days after MI to achieve reduction of total mortality

119,120).
Although according to the SCD-Heft study, patients

ith symptomatic heart failure and LVEF �35% are treated

ith ICD with or without additional cardiac resynchroni-
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zation therapy, the value of ICD for primary prevention in
nonischemic dilated cardiomyopathy with (121,122) or
without (123) NSVT is debatable. No single trial has
demonstrated a reduction in total (as opposed to arrhyth-
mic) mortality in this setting.

Hypertrophic Cardiomyopathy

There is no characteristic ECG morphology of NSVT in
patients with HCM. Up to 20% to 30% of patients may
have NSVT, whereas this proportion approaches 80% in
patients with a history of cardiac arrest (124–126). Rela-
tively slow, often asymptomatic NSVT episodes may be
documented on prolonged ambulatory recordings. When
nonsustained or sustained VT is induced by programmed
stimulation, it is more often polymorphic than monomor-
phic (126). However, these estimations may not reflect the
true incidence of NSVT in HCM because they are based on
highly selected referral populations. In patients with HCM,
the presence of delayed enhancement on contrast-enhanced
MRI (127) or of echocardiographic 2-dimensional strain,
which is used to identify myocardial fibrosis, in more than
3 LV segments (128) is associated with increased likeli-
hood of NSVT. Frequent and prolonged (�10 beats)
episodes of nonsustained VT on Holter monitoring most
probably indicate an increased risk of sudden death in
HCM, especially in young patients (125). Recent MRI
studies support this notion. NSVT was reported in 31%
of 178 patients with HCM; for sudden death, NSVT had
negative and positive predictive values of 95% and 9% and
sensitivity and specificity of 45% and 69%, respectively
(129). In another report, NSVT, but not myocardial
fibrosis, was an independent predictor of arrhythmic
events and death (130).

Beta-blockers may decrease the risk of sudden death, but
defibrillator implantation is the therapy of choice in the
presence of high-risk factors, including frequent NSVT
accompanied by history of syncope or family history of
sudden death at young age, may justify defibrillator implan-
tation as primary prevention in patients with HCM (131).

Arrhythmogenic Right
Ventricular Cardiomyopathy

The tachycardias in ARVC arise from the right ventricle
and typically present with LBBB morphology with a left or
even right axis deviation (132).

Patients with ARVC may present with asymptomatic
NSVT despite only subtle RV abnormalities and have a
trend for an increased arrhythmic risk and a rate of appro-
priate ICD intervention of 3.7% per year (133). The results
of antiarrhythmic medications are disappointing, and ICD
seems to be the therapy of choice in patients with cardiac
arrest, syncope, or hemodynamically poorly tolerated VT
despite antiarrhythmic therapy. Catheter ablation of VT
when feasible is successful in reducing further episodes but

cannot offer absolute protection without ICD backup (134).
Other Conditions

Giant-cell myocarditis is a cause of monomorphic or poly-
morphic VT that is usually sustained and associated with
high mortality (135). Ventricular extrasystolic activity can
be detected with Holter monitoring in up to 50% of patients
with repaired tetralogy of Fallot, and recent studies have
detected a 4% to 14% prevalence of sustained VT (136–138).
Inducible sustained monomorphic or polymorphic VT is an
independent risk factor for subsequent events in patients
with repaired tetralogy of Fallot (137). Complex ventricular
arrhythmias are common in AL amyloidosis (57% of pa-
tients have PVCs and 18% NSVT) and carry prognostic
significance (139). Cardiac sarcoidosis may present with
nonsustained polymorphic or monomorphic VT that usually
responds to steroids. Development of sustained monomor-
phic VT is an ominous sign, and ICD may be indicated
(140). Patients with Chagas cardiomyopathy presenting
with either sustained VT or NSVT have a major risk for
mortality in the presence of moderate LV systolic dysfunc-
tion (LVEF �40%) (141). In patients with tachycardiopa-
thy, the presence of NSVT, in addition to the PVC burden,
longer PVC duration, multiform PVCs, and RV PVCs,
may be associated with the development of cardiomyopathy
(142). Eradication of the arrhythmia may result in restora-
tion of LV function.

Conclusions

NSVT can be recorded in a wide range of conditions, in
apparently healthy individuals to patients with significant
heart disease. Its prognostic significance varies, depending
on the underlying condition, and in several clinical settings
is not known. The management of patients with NSVT is
aimed at treating the underlying heart disease rather than
the arrhythmia itself, unless serious symptoms occur.
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