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It’s actually a slow day in the ED and you make the mistake of saying so.  
Suddenly, the EMS radio goes off and reports that they are en route with a 
dyspneic older male, status post recent syncopal event—ETA 10–12 minutes; 
an ECG rhythm strip is sent for your review (Figure 1, patient #1).  He has 
a history of myocardial infarction (MI) with congestive heart failure (CHF).  
His vital signs include a blood pressure (BP) of 100/65 mm Hg, pulse (P) of 
170 bpm, respiratory rate (RR) of 28/minute, and oxygen saturation (SAT) 
of 92% on 4l nasal cannula. 

Seconds later, the charge nurse tells you that you should see the elderly 
lady in room 22 soon.  Upon entering the room, you see an awake, alert, 
elderly female sitting comfortably on the stretcher.  She is conversant and in 
no distress.  Her vital signs include a BP of 170/120 mm Hg, pulse 170 bpm, 
RR of 22/minute, and SAT of 94% on room air; the 12-lead ECG reveals a 
wide complex tachycardia (WCT, Figure 2, patient #2). 

Then, you hear “I need a doctor now” from room 9.  You find a young 
adult male supine on the cot.  He is alert and oriented, complaining of 
extreme dizziness and weakness.  He is pale and diaphoretic.  The monitor 
demonstrates a WCT (Figure 3, patient #3).  The examination is significant 
for a BP of 85 mm Hg by palpation, pulse 190 bpm, RR of 34/minute, and 
SAT of 96% on room air.

Around the same time, you are called to the telephone regarding a 
patient a local internist is sending in for evaluation.  An elderly male, aged 
71 years, presented with palpitations.  He has a history of stable angina 
managed with atenolol.  His examination is remarkable for normal vital 
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signs with the exception of a pulse of 190 bpm.  The ECG 
rhythm strip demonstrates a WCT (Figure 4, patient #4).

W hen confronted with a wide complex tachycardia 
(WCT), it is crucial to consider the differential 

diagnosis, which includes both common and 
uncommon entities.  The common entities include 
supraventricular tachycardia (SVT) with aberrant 
ventricular conduction (AVC) and ventricular 
tachycardia (VT).  Less commonly encountered 
processes include preexcited tachycardias (seen 
in patients with Wolff-Parkinson-White [WPW] 
syndrome) as well as toxic- and metabolically-
mediated WCTs (sodium channel blocker toxicity, 
severe hyperkalemia).

Certain electrocardiographic (ECG) distinctions 
among these dysrhythmias are of critical importance. 
For instance, differentiating a WCT resulting from 
hyperkalemia as opposed to primary VT is vital in the 
immediate management.  While one might be tempted 
into complacency when faced with a patient with WCT 
who is hemodynamically stable, distinguishing SVT 
with AVC from VT is equally important for both the 
immediate and long-term management.  

This issue of Emergency Medicine Practice provides a 
systematic approach to wide complex tachycardia.

Critical Appraisal Of The Literature

A literature search was performed using PubMed 
and Ovid MEDLINE.  The search included articles on 
wide (broad) complex tachycardia, supraventricular 
tachycardia with aberrant ventricular conduction, 

ventricular tachycardia, cardiovascular resuscitation, 
antidromic tachycardias, preexcitation syndromes, 
Wolff-Parkinson-White syndrome, poisoning and 
arrhythmias, pacemaker tachycardias, pediatric 
arrhythmias, pregnancy and arrhythmias, and 
hyperkalemia.  This search provided a large number 
of studies ranging from case series to well-designed 
prospective data on a large cohort of patients.  There 
are a limited number of randomized, double-blinded 
studies available.  Further, standard textbooks and 
other reference materials from both cardiology and 
emergency medicine were reviewed.  

A number of investigators have tried to identify 
criteria and develop algorithms for the diagnosis 
of WCT.1–6 In general, the major flaw in their 
methodologies is that their approach excluded the 
analysis of patients with preexisting ventricular 
conduction abnormalities, metabolic abnormalities, 
and drug toxicities.  

Regarding algorithms, though they may be helpful 
in identifying the etiology of a WCT, there is no single 
criterion or combination of criteria that has been 
shown to be 100% sensitive.  Hence, clinical judgment 
cannot be replaced by algorithms alone.  Despite these 
limitations, the 12-lead ECG is useful in making a 
presumptive clinical diagnosis in the vast majority of 
patients who present with a WCT.

Epidemiology

WCT is defined as a tachyarrhythmia with a rate 
greater than 100 bpm and a QRS complex duration 
of 0.12 seconds or greater in the adult patient.  In 
the pediatric population, both of these parameters 
are age dependant.7  Age-related rate differences are 
understandable and readily recognized; QRS complex 
duration changes with respect to age, however, are less 

Figure 3. Patient #3—Wide Complex Tachycardia Which Is 
Irregular With A Mean Ventricular Rate Of 190 bpm

Note the varying configurations of the QRS complexes across the 
rhythm strip but no significant QRS amplitude variations.

Figure 4. Patient #4—Wide Complex Tachycardia Which Is 
Regular With A Mean Ventricular Rate Of 190 bpm

Note the regular appearance of widened QRS complexes.  On 
occasion, 2 different QRS complex configurations appear—fusion 
(larger arrows) and capture beats (smaller arrows) which strongly 
suggest ventricular tachycardia.

Figure 1. Patient #1—Wide Complex Tachycardia Which Is 
Regular

Note the appearance of notching (arrows) which occurs 
irregularly—P wave activity consistent with AV dissociation.  This 
AV dissociation supports an electrocardiographic diagnosis of 
ventricular tachycardia.

Figure 2. Patient #2—Wide Complex Tachycardia With The 
Classic RBBB Morphology

Note the rate of 150 bpm with typical flutter waves (best seen in 
leads II, III, and avF).  This rhythm is likely an SVT with AVC—

probably atrial flutter with RBBB.
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obvious.  As noted, the total width of the QRS complex 
is a function of the total ventricular depolarization 
time.  In young children with relatively smaller 
ventricular muscle mass, the QRS complex can appear 
“narrow” from the adult perspective and yet still be 
“wide” when interpreted correctly using age-related 
criteria. 

Extrapolating the number of episodes of 
ventricular tachycardia seen at one urban emergency 
medicine department with annual ED census of around 
52,000 equates to approximately 1.6 cases of wide 
complex tachycardia seen per month.8  In another 
setting, 178 patients were noted to have WCT among 
a total of 82,559 ED visits in a 2-year period (7.4 cases 
per month).9  If one considers “all comers” with WCT, 
including patients with sinus tachycardia and fixed 
bundle branch block (BBB), then these numbers will 
only increase, potentially approaching several such 
instances daily.  

The conventional wisdom in the medical literature 
is that approximately 80% of patients presenting with 
WCT are ultimately diagnosed with VT; the remaining 
20% demonstrate SVT with AVC.  Early non-ED-based 
studies did suggest a high incidence of VT among 
patients with WCT.  In 2 series of patients with WCT 
referred to an EPS, 80%–85% of patients had VT as the 
underlying mechanism; the remaining had SVT with 
aberrancy.10,11  Both these cohorts suffer from referral 
bias.  In contrast, in an ED study of 178 consecutive 
patients with WCT, 49% (88) had sinus tachycardia 
with preexisting BBB or aberrancy.9  Thirty-five 
percent had irregular WCT; while this may represent 
atrial fibrillation (AF), this group of patients was not 
described in the study.  Among the remaining patients 
with regular WCT, the majority (63%) were considered 
to be VT by at least 2 of the 3 physicians classifying 
these patients using ECG criteria.  Unfortunately, these 
diagnoses were not confirmed by electrophysiological 
study (EPS).  It is important to note in this study 
that 84% of all cases were supraventricular in origin, 
leaving at most only 16% of individuals presenting 
with a WCT that was ventricular in origin—a complete 
reversal of the non-ED-based studies.10,11  Of note, this 

calculation includes sinus tachycardia with bundle 
branch block, a subgroup that is underrepresented in 
the non-ED-based studies.

Etiology, Pathophysiology, And Differential 
Diagnosis

Although the pathophysiologic mechanisms of the 
underlying WCTs are quite diverse, the mechanism 
for the widened QRS complex is easily understood 
if the clinician recalls that the ECG is simply a graph 
of voltage (y axis) relative to time (x axis).  In sinus 
rhythm with normal intraventricular conduction, the 
electrical impulse is rapidly propagated throughout 
the ventricular myocardium with near-simultaneous 
depolarization—thus the total time of electrical 
discharge in the ventricles is brief and the QRS 
complex is narrow (Diagram 1).  In situations in 
which the conduction system is either dysfunctional 
(either permanently due to underlying pathology or 
temporarily during the tachycardia) or not utilized for 
primary conduction, the electrical impulse requires 
more time to depolarize the ventricle, resulting in a 
widened QRS complex (Diagrams 2–6).    

SVT With Aberrant Ventricular Conduction (AVC)

WCTs can be classified into 6 groups, which are 
described in Table 1.  SVT with AVC occurs because 
of abnormal intraventricular conduction delay within 
the His-Purkinje system (HPS) during the tachycardia.  
This intraventricular conduction delay may occur 
either due to preexisting bundle branch block or 
transient slowing of bundle branch conduction during 
tachycardic states (Diagrams 2 and 3).  In either case, 
the intraventricular conduction delay prevents the 

Abbreviations Used In This Article

ACLS: Advanced Cardiac Life Support
ACS: Acute Coronary Syndrome
ART: Antidromic Reciprocating Tachycardia 
AV: Atrioventricular
AVC: Aberrant Ventricular Conduction 
CABG: Coronary Artery Bypass Grafting
CAD: Coronary Artery Disease
EPS: Electrophysiological Study  
LBBB: Left Bundle Branch Block
RBBB: Right Bundle Branch Block
SA: Sinoatrial 
TCA: Tricyclic Antidepressant
SVC: Supraventricular Tachycardia
TdP: Torsades de Pointes
UA: Unstable Angina
VT: Ventricular Tachycardia
WCT: Wide Complex Tachycardia
WPW: Wolff-Parkinson-White

Table 1.  Differential Diagnosis Of WCT  

Broad  
Classification

Specific Arrhythmias/  
Considerations

Supraventricular tachycardia 
with aberrant ventricular 
conduction

SVT with either preexisting BBB or 
tachycardia-related aberrancy 

Preexcited tachycardia (in 
patients with WPW)

Antidromic tachycardia
Atrial fibrillation with preexcitation
Any other SVT with preexcitation

Ventricular tachycardia Monomorphic VT
Polymorphic VT

Toxic and metabolic 
derangement

Acidemia
Electrolyte abnormalities

Hyperkalemia•	
Hypomagnesemia•	

Drug toxicity/poisoning
Class IC anti-arrhythmic drugs•	
Tricyclic antidepressants•	

Pacemaker-related WCT Runaway pacemaker
Sensor-mediated WCT
Atrial-tracking-mediated WCT
Endless loop tachycardia

Artifact Need 12-lead ECG to distinguish 
artifact from a true WCT
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rapid and efficient transmission of electrical impulses 
throughout the ventricular myocardium, slowing 
the time to depolarize the ventricle and manifesting 
clinically as a widened QRS.

Ventricular Tachycardia

Ventricular tachycardia most commonly originates in 
the ventricular myocardium external to the ventricular 
conduction system.  Monomorphic ventricular 
tachycardia usually necessitates the presence of 
a scar in the myocardium that contains islands of 
viable tissue within it.88,89  Only a small minority of 
patients have ventricular tachycardia in the absence 
of structural heart disease (i.e., myocardial scar).  
The etiology for the scar in patients with coronary 
artery disease (CAD) is typically prior myocardial 
infarction (MI).  The ability to induce monomorphic 
ventricular tachycardia during an electrophysiological 
study is much higher in patients with CAD and 
prior MI than in patients with CAD without prior 
MI.88  For unclear reasons, many patients with non-
ischemic cardiomyopathy also tend to have scar in 
their myocardium, which can promote ventricular 
tachycardia.88  Because the electrical impulses during 
ventricular tachycardia travel from myocyte to 
myocyte through the ventricular myocardium instead 
of the His-Purkinje conduction system, a longer time is 
required for ventricular depolarization, resulting in a 
widened QRS complex (Diagram 4).

Preexcited Tachycardias

Another type of WCT is the preexcited tachycardias, 
which are pathognomonic for Wolff-Parkinson-White 
syndrome.  While preexcited tachycardias are only 
seen in patients with WPW syndrome, a patient with 
WPW can present with any of the WCTs listed in 
Table 1.  Preexcited tachycardias include antidromic 
reciprocating tachycardia (ART), atrial fibrillation 
with preexcitation, and SVT with preexcitation.  
Preexcitation causes the electrical impulse to 
preferentially travel down an accessory pathway 
(connecting the atria to the ventricle) that is located 
external to the His-Purkinje system/atrioventricular 
node (AV Node).  Once the electrical impulses 
reach the ventricle through the accessory pathway, 
propagation through the ventricular myocardium 
occurs from ventricular myocyte to myocyte, in a 
fashion very similar to VTs (Diagrams 5 and 6).  
Because it depolarizes much of the ventricle without 
using the HPS (similar to VTs), the management of 
preexcited tachycardias shares many similarities to VT 
management.  

WCT From Toxic And Metabolic Derangement

Yet another category of WCTs are those associated with 
toxic and metabolic derangement.  Classic examples 
in this category of WCTs include anti-arrhythmic 
toxicity, tricyclic antidepressant overdose, and severe 

hyperkalemia.  Even though the specific etiology can 
be quite varied, the underlying pathology relates to 
“poisoning” of the HPS through their effect on the ion-
channels that are responsible for the action potential 
of the HPS.  With many of the toxic and metabolic 
abnormalities, the effects are more generalized.  They 
can also affect the action potential of the sinoatrial 
(SA) node, atria, atrioventricular (AV) node, and the 
ventricular myocardium.  The net result is a wide 
QRS complex tachycardia.  This is an important 
category to distinguish from the others because the 
usual management strategies for SVT or VT are less 
efficacious in this setting unless the underlying toxic 
and metabolic abnormalities are treated.

Any anti-arrhythmic drug has the potential to be 
proarrhythmic, particularly the class IC agents which 
are potent sodium channel blockers.99  Overdose 
or toxicity with class IC agents (e.g., propafenone 
or flecainide) can cause severe conduction system 
dysfunction, malignant ventricular arrhythmias, 
electromechanical dissociation, and asystole  
(Figure 5).34  Flecainide overdose has been reported to 
result in a mortality rate of 8% compared with other 
drug overdoses in general that have a mortality rate 
of less than 1%.34  Other anti-arrhythmic agents, like 
class Ia and III drugs (e.g., quinidine, sotalol, dofetilide, 
etc.), tend to be proarrhythmic by their QT interval 
prolonging effects, which can put patients are risk for 
torsades de pointes (TdP).104  This risk of QT interval 
prolongation is not restricted to anti-arrhythmic drugs 
but can happen with a whole host of other commonly 
used medications.104

Tricyclic antidepressant (TCA) toxicity is 
well known to cause numerous cardiovascular 
complications including hypotension and wide 
complex tachycardias.36  Toxicity is worsened by 
acidemia, hypotension, and hyperthermia.37  The 
spectrum of TCA-related cardiac dysrhythmias ranges 
from sinus tachycardia with a wide QRS complex to 
ventricular tachycardia and ventricular fibrillation 
(Figure 6).38  Distinguishing sinus tachycardia with a 
wide QRS from ventricular tachycardia can be difficult 
in this setting.  The presence of an anticholinergic 

Figure 5. Wide Complex Tachycardia Due To Sodium Channel 
Blockade Resulting From Flecainide Toxicity



	 5	 Emergency Medicine Practice © 2008June 2008 • EBMedicine.net

Diagram 1. Normal Intraventricular Conduction In Sinus 
Rhythm

Note the intraventricular conduction system (white lines) and its 
ability to rapidly spread the depolarization throughout the ventricular 
system, producing a narrow QRS complex. 

Diagram 2. Intraventricular Conduction With Preexisting 
Bundle Branch Block—Sinus Tachycardia With RBBB

Note the intraventricular conduction system (white lines) 
with malfunction of the right bundle branch (i.e., RBBB).  The 
depolarization impulse is then spread throughout the right portion of 
the ventricular myocardium via cell-to-cell transmission (solid white 
arrow), a much less-efficient means, resulting in a longer period of 
depolarization and a widened QRS complex.

Diagram 3. Intraventricular Conduction With Bundle 
Dysfunction Resulting From Rate-Related, Fixed BBB, 
Ischemia, Metabolic, Or Toxic Events

Note the intraventricular conduction system dysfunction (dotted 
white lines).  The depolarization impulse is then spread throughout 
the ventricular myocardium via cell-to-cell transmission (solid white 
arrow), a much less-efficient means, resulting in a longer period of 
depolarization and a widened QRS complex.

Diagram 4. Ventricular Tachycardia

With the focus in the ventricle, the depolarization impulse is spread 
throughout the ventricular myocardium via cell-to-cell transmission 
(solid white arrow), a much less-efficient means, resulting in a 
longer period of depolarization and a widened QRS complex.  The 
intraventricular conduction system is not involved in this process.

Diagram 5. Intraventricular Conduction With Ventricular 
Preexcitation (WPW)—The Antidromic AV Reciprocating 
Tachycardia

Note the retrograde movement of the impulse through the AV node 
and antegrade movement through the accessory pathway (circular, 
white arrow).  The impulse then reaches the ventricular myocardium 
external to the conduction system, requiring cell-to-cell transmission 
(large white arrow), a much less efficient means, resulting in a longer 
period of depolarization and a widened QRS complex.

Diagram 6. Intraventricular Conduction With Ventricular 
Preexcitation (WPW)—Atrial Fibrillation 

The impulse travels to the ventricle via both the accessory pathway 
and the AV node.  The resultant ventricular depolarization is a 
function of both routes of depolarization—from the accessory 
pathway and the AV node. 
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toxidrome supports the diagnosis of TCA overdose 
and should be sought.  TCA toxicity is also supported 
by the presence of deep S waves in lead I and 
prominent R waves in lead aVR—which indicates a 
far rightward deviation of the terminal 40 ms of the 
QRS complex.  This finding is not only suggestive of 
TCA cardiotoxicity (sodium channel blocking agents 
in general) but also predictive of dysrhythmia.39  Many 
other psychiatric drugs have also been reported to 
cause  a WCT (e.g., lithium toxicity).35

Among electrolyte abnormalities, hyperkalemia is 
a common source of severe conduction abnormalities.  
As serum concentrations of potassium rise, persistent 
membrane depolarization impairs sodium channel 
activity, resulting in a wide QRS complex arrhythmia 
that can simulate ventricular tachycardia and, if 
unabated, can result in ventricular fibrillation and 
asystole (Figure 7).  Because hyperkalemia causes 
slowing of atrioventricular and intraventricular 
conduction, the wide QRS complex arrhythmias that 
result from hyperkalemia are rarely faster than 140 
bpm, usually have extremely wide and bizarre QRS 
morphologies, and do not demonstrate any rapid 
deflections within the QRS complex.40-43

Pacemaker-Related WCT

Pacemaker-related WCT is another important category 
of WCT.  Ventricular pacing usually results in a wide 
QRS complex.  Pacemaker-mediated WCT usually 
occurs in persons with a dual-chamber pacemaker.  It 
is usually readily distinguished from other WCT by 
visualization of pacing spikes (Figure 8).  

WCT due to ventricular pacing is rarely due to 
true pacemaker hardware malfunction (i.e., runaway 
pacemaker).  A runaway pacemaker is an emergency 
because it can result in rapid delivery of pacing 
stimuli to the myocardium and the potential to induce 
high-grade ventricular arrhythmias.  It necessitates 
emergent intervention to replace the device or cut 
the lead to interrupt the pacing stimulus.45-47  In 
pacemaker-dependant patients, cutting the lead can 
create new challenges (i.e., asystole or slow ventricular 
escape rhythm) unless a temporary pacing mechanism 
is provided.  As most modern systems incorporate 
protective circuitry, this malfunction is extremely rare.  

More common reasons for WCT due to ventricular 
pacing include sensor-mediated tachycardia, atrial 

tracking, and endless loop tachycardia.45  Sensor-
mediated tachycardia involves ventricular pacing at 
rates higher than the programmed lower rate limit 
of the pacemaker, based on the built-in mechanical 
sensor that tracks activity level in patients with sick 
sinus syndrome.45  Different types of physiologic 
and non-physiologic signals can interfere with the 
mechanical sensor, resulting in pacemaker-related 
WCT (e.g., Parkinsonian tremor, electrocautery, 
connecting a patient to cardiac monitor in the ED).92,93,95  
Sensor-mediated WCTs are usually at or below the 
programmed upper sensor rate (usually 110–150 bpm).  
Atrial tracking refers to the attempt by the pacemaker 
to maintain atrioventricular synchrony usually in 
patients with some degree of AV block.  Atrial tracking 
can cause WCT during supraventricular tachycardia 
(e.g., atrial flutter) and is usually at or below the 
programmed upper tracking rate (typically 110–150 
bpm).44,45  Endless loop tachycardia is usually seen 
in dual chamber pacemakers with WCT at the upper 
tracking rate.44,45  Ventricular pacing in these patients 
causes retrograde transmission of electrical impulse 
through the HPS/AV node back to the atrium where 
it is sensed as another native atrial event; this causes 
the pacemaker to track the atrial signal in an attempt 
to maintain AV synchrony.45  Most modern pacemaker 
systems have algorithms to terminate endless loop 
tachycardia.45

Figure 7:  Wide Complex Tachycardia At A Rate Of 115 With 
Markedly Widened QRS Complexes

This relatively slow rate coupled with the very wide QRS complexes 
is suggestive of hyperkalemia.  

Figure 8. Pacemaker-Mediated Tachycardia

Note the pacer spikes appearing prior to each QRS complex.

Figure 6. Wide Complex Tachycardia Due To Sodium Channel 
Blockade Resulting From Tricyclic Antidepressant Poisoning
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WCT From Artifacts

Artifacts are the last category of WCT.  ECG artifacts 
can simulate WCT, especially if the diagnosis is made 
using a 1–2 lead rhythm strip (Figure 9).  For this 
reason, it is important to acquire a complete 12-lead 
ECG, if at all possible.

Prehospital Care

The general goals of prehospital care include 
recognition of and initiation of therapy for life-
threatening conditions while providing rapid transport 
to the nearest ED.  In patients with WCT, prehospital 
providers should screen for hemodynamic instability 
and initiate care per basic life support and Advanced 
Cardiac Life Support (ACLS) protocols consistent 
with their level of training.  As differentiation of WCT 
can be difficult, additional diagnostic maneuvers or 
therapeutic intervention is generally not indicated in 
the hemodynamically stable patient.

ED Evaluation

Vital Signs

It is a common misconception that hemodynamic 
stability in the setting of WCT suggests a SVT variant 
while instability confirms VT.  Unfortunately, the 
patient’s vital signs and hemodynamic status have little 
correlation with the etiology of the WCT; therefore, 
they should not be used to guide management 
decisions.  Of clinical note, pharmacologic 
interventions effective in the management of VT are 
not harmful in patients with SVT in most instances, yet 
the converse is not true.  Patients can rapidly decline 
if “typical SVT medications” are given to the patient 
with VT (e.g., diltiazem).87  Because of this, the clinician 
should assume a ventricular origin of the wide 

complex rhythm in the event of uncertainty.  In other 
words, when choosing a management plan in the setting 
of undifferentiated WCT, default to a diagnosis of VT 
and treat accordingly.

Because hemodynamic instability in the setting 
of WCT does mandate immediate management, 
continuous telemetry monitoring with frequent blood 
pressure checks is recommended for all patients.12-14  
Any of the etiologies listed in Table 1 (except artifact) 
can result in hemodynamic decompensation.

Focused History

Retrospective univariate analysis suggests that certain 
historical clues can help distinguish ventricular from 
supraventricular-based rhythms (Table 2).  Additional 
key questions in the history are noted in Table 3.  
The historical features listed in both tables have 
demonstrated statistical significance (P < 0.01) for 
distinguishing between VT and SVT.11  Particularly, a 
history of MI, a history of CHF, or recent angina pectoris 
have sufficient predictive value to strongly suggest 
a diagnosis of VT.11  The definition of “recent angina 
pectoris” in this study is not clearly defined other 
than to exclude chest pain at the time of presentation 
with WCT.  In the author’s opinion, “recent angina 
pectoris” probably refers to “recent unstable angina/
acute coronary syndrome (UA/ACS).”  Given that we 

Figure 9. ECG Artifact Mimicking VT

Note that the native QRS complexes (arrows) are still evident as 
it continues to occur within the artifactually-produced wide QRS 
complexes.  This patient was experiencing rigors due to bacteremia 
related to pneumococcal pneumonia. 

Table 2. Clinical Predictors Of Ventricular Tachycardia
Univariate 
Predictors

Positive  
Likelihood Ratio

1/Negative 
Likelihood Ratio

History of MI 6.6–72 2.2–3.53

History of CHF Very high* 1.23–1.41

Recent unstable 
angina

Very high* 1.23–1.41

*The positive likelihood ratios for “History of CHF” and “Recent 
Unstable Angina” are listed as “very high” because the specificity 
for both criteria in this small study of 84 patients was 100%.  A 
specificity of 100% results in a positive likelihood ratio of infinity. 
Adapted from Baerman et al. Differentiation of Ventricular Tachycardia 
from Supraventricular Tachycardia with Aberration: Value of the 
Clinical History. Ann Emerg Med. 1987;16:40-43.  

Table 3:  Key Questions For History Of Present Illness In The 
WCT Patient

Key Questions Implications 

History of MI? Highly favors VT

History of CHF? Highly favors VT

Recent angina? Highly favors VT

History of dialysis, end-stage 
renal disease?

Favors hyperkalemia, digoxin 
toxicity

History of pacemaker? Possibly pacemaker-mediated 
tachycardia

History of ICD? Favors VT 

Ongoing pregnancy? May change management

Drug ingestions, suicide 
attempt?

Favors metabolic derangement 
or VT  

Patient’s home medications 
and doses: are they taking any 
TCAs, anti-arrhythmics,  
or digoxin? 

Favors drug toxicity, though VT 
should be considered in patients 
with significant preexisting heart 
disease
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now have very sensitive cardiac enzyme assays (e.g., 
troponin assays) that can detect very small levels 
of myocardial necrosis/scarring, “recent UA/ACS” 
would have better discriminatory power between 
VT and SVT with AVC than “recent angina” (which 
can include both chronic stable and unstable angina).  
Baerman and colleagues also evaluated other clinical 
variables, including “history of coronary artery 
bypass grafting (CABG)” and “valvular or congenital 
heart disease.”  Neither of these two criteria had 
statistical significance in differentiating VT from SVT 
with AVC.11  While they did not evaluate a “history 
of percutaneous coronary intervention (PCI),” it is 
unlikely that this would have been any different 
than “history of CABG” in its discriminatory power.  
In the author’s opinion, one possible reason for the 
lack of predictive capacity for history of coronary 
revascularization (either CABG or PCI) is that the 
vast majority of revascularization procedures are 
performed for chronic angina and not for myocardial 
infarction/acute coronary syndrome.  As elaborated 
earlier while discussing the pathophysiology of 
ventricular tachycardia, it is the presence of a 
myocardial scar (e.g., due to myocardial infarction) 
that creates the substrate for the vast majority 
of ventricular tachycardia.88,89  Tchou confirmed 
the utility of a history of MI to predict the correct 
diagnosis of ventricular tachycardia in a prospective 
study with electrophysiological study as the gold 
standard.15  Unfortunately, the absence of these 
clinical predictors (listed in Table 2) is not very useful 
(i.e., their absence does not suggest a diagnosis of SVT 
with AVC).  

Unlike the other 3 univariate predictors, age less 
than 35 years has only mild predictive capacity for 
SVT with AVC as evidenced by its low likelihood 
ratios.  In the Baerman cohort, the use of age less than 
35 years as a diagnostic criteria would have resulted 
in mislabeling VT as SVT in approximately 10% 
of cases.11  Since medications that may be safe and 
effective in SVT can lead to hemodynamic collapse 
in the setting of VT, younger age by itself should not 
be considered adequately predictive of SVT to guide 
management decisions. 

Other historical clues can also help in WCT 
discrimination.  These include: 1) history of 
pacemaker or ICD implantation, 2) prior history 
of arrhythmia with available ECG, 3) cardiac 
medications or other medications that are frequently 
associated with long QT or sodium channel blockade, 
and 4) history of renal insufficiency and/or dialysis.90 

Important Examination Findings

Physical examination findings are useful in a minority 
of patients.  The presence of irregular cannon 
“a” waves in the jugular venous pulse suggests 
VT.7  The irregularity of the cannon “a” waves is a 
physical representation of the electrocardiographic 
atrioventricular dissociation that is seen in a minority 

of patients with VT.7   Similarly, variations in the 
intensity of the first heart sound (S1) also suggests VT.7  
Of course, in a hectic ED, these subtle findings may 
not be readily discernible and therefore of minimal 
assistance in this distinction.  

Other important findings include the presence of a 
dialysis catheter or arteriovenous grafts.  Their presence 
implies a history of renal insufficiency or failure, 
which confers a significant risk of hyperkalemia and 
hypomagnesemia or hypermagnesemia.  Similarly, the 
presence of an implanted device found on examination, 
might suggest the presence of a pacemaker or ICD and, 
therefore, pacemaker-mediated tachycardia or VT as 
the etiology for the WCT.

Laboratory Studies

Rapid evaluation of the patient’s electrolytes, especially 
the serum potassium and magnesium level, can be 
very useful.  Electrolyte abnormalities can not only 
trigger ventricular arrhythmias, but can also complicate 
management by decreasing the success rate of 
cardioversion/defibrillation.  Other laboratory studies 
that might assist in the diagnosis of WCT are troponin 
and BNP assays.  Because of the urgency involved, 
laboratory studies that are not available within a 10- 
to 15-minute turn-around time are generally not that 
useful in the initial evaluation and management of 
WCT.  Therefore, a venous or arterial blood gas with 
electrolytes might be the most expedient method of 
measuring pH and electrolytes (i.e., the potassium) in 
most institutions.

The Electrocardiogram:  Electrocardiographic Rhythm 
Strips And The 12-Lead Electrocardiogram

While it is ultimately important to differentiate between 
supraventricular- and ventricular-based WCTs, 
immediate management decisions should be based on 
the patient’s hemodynamic status.  As previously noted, 
in patients with hemodynamic instability, the first 
objective should be immediate electrical cardioversion 
regardless of the etiology of the WCT with the caveat 
that WCT due to metabolic or drug toxicities should be 
considered early as these entities may be resistant to 
electrical cardioversion. 

The First Objective
If the patient is hemodynamically stable, the first 
objective should be to obtain a paper copy of the 
12-lead ECG during the WCT.  It can usually exclude 
artifact as one of the etiologies for the WCT.  Many 
telemetry systems have a high-frequency filter that 
eliminates the pacing spikes from the rhythms that are 
displaced on the monitor.  A paper copy of the 12-lead 
ECG can assist in the diagnosis of a pacemaker-related 
WCT by depicting the pacing spikes before the QRS 
complex (however, some pacing spikes are very subtle) 
(Figure 8).
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The Second Objective
Provided the patient is hemodynamically stable, the 
second objective should be to locate a prior ECG.  If 
a prior sinus rhythm ECG is immediately available, 
it helps to discriminate between the different WCT 
etiologies.  A diagnosis of VT is strongly suggested 
if the wide QRS complexes during WCT have a 
morphology different from that of the wide QRS 
complexes during sinus rhythm.  If the wide QRS 
complexes in the WCT are of the same appearance 
in all 12 leads as seen during sinus rhythm, then a 
diagnosis of SVT can be cautiously considered (since 
few exceptions have been reported).18-20  Since none of 
the studies included enough patients with a baseline 
ECG, an objective assessment of the discriminatory 
power of the baseline ECG is unclear.  When the QRS 
complex in the baseline ECG is narrow, it is not as 
helpful in the diagnosis of WCT.

The Third Objective
The third objective, provided continued hemodynamic 
stability, is to classify the WCT as either irregular or 
regular rhythm.  An irregular WCT is usually one 
of 3 arrhythmias: polymorphic VT, AF with AVC, or 
AF with antegrade conduction down an accessory 
pathway (AF with preexcitation, AF with WPW).  The 
distinction between polymorphic VT and the other 
two arrhythmias (both of them being AF) is usually 
quite straightforward.  Apart from being irregular, 
polymorphic VT typically has the following two 
characteristics: rate usually > 200 bpm and significant 
irregularity/variations in the amplitude of the QRS 
complexes (Figure 10).96  AF with AVC usually has 
a rate < 200 bpm and does not have any significant 
variations in the amplitude of the QRS complexes 
(Figure 11).96  Patients with AF with preexcitation can 
have rates > 200 bpm but usually only have subtle beat-
to-beat alterations in the QRS complex morphology 
and amplitude that are not as varied as polymorphic 
VT (Figure 12).  A regular WCT could either be a 
monomorphic VT, a regular SVT with AVC, regular 
SVT with preexcitation (antegrade conduction down 
an accessory pathway), or a pacemaker-related WCT.  
Toxic- and metabolically-mediated tachycardia can 
present either as irregular or regular WCT.

Numerous criteria are available to distinguish 
between the different etiologies of regular and irregular 

WCTs using the 12-lead ECG.1-4,6,21,22,24  The Brugada 
criteria might be the most well known algorithm, but it 
is still infrequently applied by clinicians, likely because 
it is complex and difficult to remember.91  Given the 
need for simplicity, easy recollection, and maximal 
sensitivity for the diagnosis of VT, especially in the 
hustle and bustle of emergency care, we recommend 
the approach taken by Griffith and colleagues.3,23  
This algorithm has applications in both regular and 
irregular WCT.  

The Fourth & Fifth Objectives
In patients with regular WCT, the fourth and fifth 
objectives are to apply the Griffith QRS Morphology/
Axis criteria to regular WCT and to evaluate for AV 
dissociation respectively (Tables 4 and 5).  In patients 
with irregular WCT, the fourth and fifth objectives are 
to evaluate if the rhythm is polymorphic VT and apply 
the Griffith QRS Morphology criteria respectively 
(Tables 4 and 6) (evaluation for QRS axis and AV 
dissociation is not useful in irregular WCT).

The Griffith QRS Morphology/Axis Criteria (Table 4)

The Griffith QRS morphology criteria has 
discriminatory power for both regular WCTs and 
irregular WCTs.  Evaluation of the rhythm begins 
by characterizing the QRS complex as either 
predominantly positive in V1 or predominantly 
negative in V1.  In WCTs that have a predominantly 

Figure 11:  Wide Complex Tachycardia With Marked 
Irregularity

The QRS complex is wide with RBBB morphology.  This rhythm is 
atrial fibrillation with preexisting RBBB.

Figure 12:  Wide Complex Tachycardia With A Rapid Rate And 
Significant Irregularity

Note the subtle beat-to-beat changes in QRS complex morphology 
but no significant QRS amplitude variations.  This WCT does not 
have the classic right bundle block appearance which suggests a 
diagnosis of atrial fibrillation with preexcitation.

Figure 10:  Sinus Rhythm With ST Segment Elevation In A 
Patient With Inferior STEMI

Note the appearance of the R-on-T PVC (arrow) and subsequent 
development of a polymorphic VT.
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positive lead V1, the Griffith approach calls for strict 
evaluation to determine if the QRS morphology 
represents a classic right bundle branch block (RBBB, 
Table 4).  Based on the work of Wellens et al,1 the 
classic RBBB morphology is one in which lead V1 
is triphasic with rsR’ pattern with (R’ > r) and (s) 
representing a negative inflexion below the baseline 
and V6 demonstrating either an Rs pattern (R > s) or 
a qRs pattern (q < 40 ms, q < 0.2 mV, and R > s).  In 
WCTs that have a predominantly negative V1, Griffith 
and colleagues would evaluate for strict criteria for 
left bundle branch block (LBBB).  The strict criteria 
for LBBB include an rS or QS pattern in V1 with time 
to S wave nadir of less than 70 ms, the r wave that is 
less than 30 ms (r < S), and the V6 lead with an R wave 
without any Q wave.1 

In patients with regular WCT, the next step in the 
Griffith criteria is analyzing the QRS axis, which is 
easily done by evaluating leads I and avF.  When lead 
I is more negative than positive, then the axis is either 
right axis (90–180 degrees) or northwest axis (180–270 
degrees).  If lead I is more negative than positive, 
then lead avF should be analyzed.  If lead avF is more 
positive than negative, then the QRS has a right axis; 
whereas, if it is more negative than positive, then 
the QRS has a northwest axis.  A normal axis (0–90 
degrees) or a leftward axis (270–0 degrees) is helpful 
in the diagnosis of WCT.  The QRS axis criteria is not 
helpful in patients with irregular WCT.

AV Dissociation (Only Useful In Regular WCT)

AV dissociation is characterized by the presence of P 
waves that “march” through the WCT without a 1:1 
association between the P waves and the QRS complex.  
P waves during WCT are usually best visualized in 
the inferior leads or lead V1.  Rarely, the P waves may 
conduct through to the ventricle in patients with slow 
VT resulting in either a capture or a fusion beat.16  
Hence, capture and fusion beats represent sporadic 
conduction to the ventricle, confirming the presence 
of AV dissociation (Figure 13).  According to Wellens 
et al, the presence of AV dissociation is highly specific 
for VT.1  This finding was confirmed by Akhtar et al 
and Brugada et al.4,10  Unfortunately, AV dissociation is 
only found in 21-36% of VTs.4,91  While AV dissociation 
is essentially pathognomonic for VT, its absence (in 
the other 69-79% of VT’s) does not give any useful 
information.  Not infrequently, AV association (1:1 
AV relationship) is noted.  Unlike AV dissociation, 
AV association is not helpful because it can be seen 
with every etiology for WCT.  The finding of AV 
dissociation is frequently quite subtle and requires 
careful review of a printed copy of the 12-lead ECG or 
multi-lead rhythm strip (Figure 14).  

AV Dissociation: Fusion And Capture Beats

A fusion beat results from a fusion of a 
supraventricular electrical impulse with a ventricular 

Figure 13:  Wide Complex Tachycardia, Likely VT

Note the fusion beat (arrows) suggestive of VT. 

Figure 14:  Patient #1—Wide Complex Tachycardia With A 
LBBB Morphology

The morphology in lead V1 is not the classic LBBB appearance and 
the axis is rightward, both of which support a diagnosis of VT.  This 
is further substantiated by the presence of AV dissociation, best 
seen here in leads I, II, and V1.  

Table 4. Summary of Griffith ECG Morphology/Axis Criteria
Classic RBBB Pattern Classic LBBB Pattern

Regular WCT First, evaluate QRS criteria listed in Step 1.  If QRS 
criteria are met AND axis criteria (in Step 3) are not 
met AND no AV dissociation is present, then the 
diagnosis is SVT with AVC.  All other WCTs are VT.

Irregular WCT First, exclude polymorphic VT.  Then, evaluate 
Step 1 for all other WCTs. If QRS criteria in Step 
1 are met, then the diagnosis is AF with AVC. 
Otherwise, the diagnosis is AF with preexcitation.

Step 1 Evaluate QRS morphology to see if it meets the 
above criteria.

Step 2 (Only if 
Regular WCT)

If QRS complex meets the above criteria, then 
evaluate the QRS axis.

Step 3 (Only if 
Regular WCT)

If it is classic RBBB pattern, evaluate if it is NW 
axis (180–270).
If a classic LBBB pattern, evaluate if it is RAD or 
NW axis (90–270).

Step 4 (Only if 
Regular WCT)

If Step 3 axis criteria are NOT met, then check for 
AV dissociation.

Figures adapted from Lau EW, et al. PACE 2000.24

Lead V1:  rSR’

- R’ > r
- S cuts baseline

Lead V6:  RS

- R > S
- small initial ‘q’
allowed (< 2 mm 
depth, < 40 sec 
width)

Lead V1:  rSR’

- R’ > r
- S cuts baseline

Lead V6:  RS

- R > S
- small initial ‘q’
allowed (< 2 mm 
depth, < 40 sec 
width)

Lead V1 & V2: QS 

• Small initial ‘r’
allowed (< 30
ms width)
• Time to S nadir 

< 70 ms

Lead V6:  R

• NO ‘Q’ allowed
• Either ‘RR’ or 

monophasic R

Lead V1 & V2: QS 

• Small initial ‘r’
allowed (< 30
ms width)
• Time to S nadir 

< 70 ms

Lead V6:  R

• NO ‘Q’ allowed
• Either ‘RR’ or 

monophasic R
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impulse, producing a QRS complex of variable 
morphology.  A capture beat results in a QRS complex 
solely from the supraventricular impulse.  The 
resultant QRS complex is usually dissimilar from the 
other QRS complex structures on the ECG.  The finding 
of either a fusion or a capture beat essentially confirms 
the diagnosis of VT.  Unfortunately, the utility of fusion 
and/or capture beats is limited because they are rarely 
seen (0.5% of all cases of VT).91  

Application Of The Griffith QRS Complex Morphology/
Axis Criteria And AV Dissociation To Regular WCT  
(Tables 4 and 5)

The algorithm proposed by Griffith and colleagues to 
discriminate between the different etiologies of regular 
WCT requires the following sequence of analysis:  1) 
apply the Griffith QRS complex morphology and 
axis criteria, and 2) evaluate for the presence of AV 
dissociation.3

A regular WCT that meets the Griffith QRS 
morphologic criteria for a classic RBBB without a 

Table 5. Summary Of ECG Criteria For Regular WCT—The 
Griffith(I) Algorithm

Step-By-Step Process Comments

Step 1 The first objective in an unstable 
patient is to evaluate for 
hemodynamic instability and 
treat per ACLS guidelines.  The 
first objective in a stable patient 
is to acquire a paper copy of 
the12-lead ECG and/or 12-lead 
rhythm strip of WCT.  Examine 
the ECG for pacing spikes at 
the beginning of every QRS.  
Consider toxic and metabolic 
derangement early in the 
differential diagnosis (obtain 
arterial or venous blood gas 
with electrolytes if needed).

A single lead rhythm 
strip is inadequate for 
WCT diagnosis.

Step 2 Attempt to retrieve an old/
baseline ECG if possible.

A comparison with an 
old ECG is very useful.

Step 3 Does the QRS morphology of 
WCT in leads V1 and V6 match 
the classic RBBB or LBBB 
pattern as shown in Table 4?

It is unusual for 
VTs to have QRS 
morphologies that 
match typical RBBB or 
LBBB pattern.

Step 4 Evaluate axis 
criteria in the 
WCT with 
classic RBBB 
pattern.  Is it a 
NW axis?

For WCTs that 
match the 
LBBB pattern, 
does the QRS 
have RAD or a 
NW axis?

If these axis criteria 
are met, then the WCT 
is likely VT.

Step 5 Check for AV 
dissociation or 
other related 
phenomenon 
(fusion, 
capture beat).

Always 
check for AV 
dissociation 
on paper copy 
of 12-lead 
ECG. 

The presence of 
AV dissociation or 
fusion/capture beats 
strongly favors VT.

Step 6 If WCT has an exact RBBB 
pattern or exact LBBB pattern 
AND does not meet the RBBB 
axis criteria AND does not 
meet the AV dissociation 
criteria → then it is an SVT with 
aberrancy.

Proceed cautiously.

northwest axis (180–270 degrees) AND that does not 
demonstrate AV dissociation is highly suggestive of SVT 
with AVC (Figure 12).  Similarly, a regular WCT that 
meets the strict Griffith QRS morphology criteria for a 
classic LBBB without either a right axis (90–180 degrees) 
or northwest axis (180–270 degrees) AND does not 
demonstrate AV dissociation is highly suggestive of SVT 
with AVC (Table 5 and Figure 15).  

All other WCTs should be considered VT (Figures 
6 and 14).3  Hence, any QRS morphology that doesn’t 
meet the classic RBBB or LBBB criteria suggests VT.  If 
V1 demonstrates an equiphasic RS or QR morphology 
(i.e., equal positive and negative portions of the QRS 
complex), it strongly suggests VT.1  When all the 
precordial leads in a WCT demonstrate concordant 
QRS morphologies (V1 to V6 being all negative or all 
positive), it is strongly suggestive of VT (Figure 16).4,10  

In the authors’ opinion, the power of the Griffith 
approach is its simplicity and its emphasis on making 
VT the default diagnosis of any WCT during initial 
management in the ED (Table 5).  The Griffith approach 
is simple because only one classic RBBB and one classic 
LBBB QRS morphology need to be memorized (Table 
4).  By structuring the algorithm so that VT is the 

Figure 16. Wide Complex Tachycardia With A RBBB Branch 
Block Morphology And Positive QRS Concordance (All QRS 
Complexes Are Positively Oriented) From Leads V1 To V6

WCT fails the classic RBBB morphology criteria.  The patient is 
diagnosed with VT.

Figure 15. Wide Complex Tachycardia With The Classic LBBB 
Morphology With A Normal Axis And No Evidence Of AV 
Dissociation

This rhythm is likely supraventricular in origin—namely atrial flutter 
with LBBB.  Yet, if the clinician is uncertain, therapy aimed at VT is 
most appropriate.  
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default diagnosis of any WCT, the Griffith approach 
misclassifies many SVTs with AVC and most SVTs 
with preexcitation as VTs.3  While this can lead to 
erroneous long-term care (e.g., candidacy for an 
implantable defibrillator in patients diagnosed with 
VT), it promotes safer ED management with drugs that 
are appropriate in both VT and SVT with AVC.  Errors 
in long-term management can be reduced by obtaining 
a paper copy of the 12-lead ECG during WCT because 
it provides a frame of reference for the analysis of an 
electrophysiologic study in the future.  The advantage 
of misclassifying SVTs with preexcitation as VT is that 
management for both these categories of WCT is very 
similar.

When the Griffith approach was applied to a cohort 
of patients with regular WCT, 4% of patients with VT 
were misdiagnosed as SVT with AVC.3  While this may 
seem high, recent analysis of the Brugada approach to 
regular WCT resulted in a rate of misdiagnosis of VT 

that was 9–21% (a much higher rate than the original 
paper).4,91  

Application Of The QRS Morphological Criteria To 
Irregular WCT (Tables 4 and 6) 

The application of the Griffith algorithm for irregular 
WCT initially requires rhythm evaluation to identify 
polymorphic VT.  Polymorphic VT usually has 2 
features allowing prompt identification: rate usually > 
200 bpm and significant irregularity/variations in the 
amplitude of the QRS complexes (Figure 10).96  Once 
polymorphic VT has been excluded, the next step is to 
distinguish AF with AVC and AF with preexcitation.

Distinguishing between AF with AVC and AF 
with preexcitation requires evaluation of the QRS 
morphology.24  No evaluation for QRS axis or AV 
dissociation is needed.  An irregular WCT that meets 
the Griffith QRS morphologic criteria for a classic 
RBBB is highly suggestive of AF with AVC (Figure 
11).  Similarly, an irregular WCT that meets the strict 
Griffith QRS morphology criteria for a classic LBBB 
is highly suggestive of AF with AVC (Table 6).24  All 
other irregular WCTs should be considered AF with 
preexcitation (Figure 12).

The Griffith QRS morphology approach to irregular 
WCTs (after the exclusion of polymorphic VT) resulted 
in 0% rate of misdiagnosis of AF with preexcitation.24  
While this approach does lead to a misclassification of 
a few cases of AF with AVC as AF with preexcitation, 
this leads to fewer management challenges than 
the reverse case of misdiagnosis.  The distinction 
between AF with AVC and AF with preexcitation is an 
important one because AV nodal blocking agents (e.g., 
beta-adrenergic or calcium channel blockers), which 
are commonly used in patients with AF with AVC, can 
lead to hemodynamic deterioration and ventricular 
fibrillation in patients with AF with preexcitation.  On 
the other hand, agents like procainamide (which are 
indicated for AF with preexcitation) are also effective in 
AF with AVC.

Other Diagnostic Modalities for WCT

Advanced Cardiac Life Support guidelines from 
1992 recommended the use of adenosine in 
hemodynamically stable patients with WCT.25  The 
most recent ACLS guidelines, however, do not 
support this approach.  While adenosine does 
convert approximately a third of patients with WCT 
to sinus rhythm, its administration can also lead to 
angina, bronchospasm, worsening of arrhythmia, 
and acceleration of accessory pathway conduction 
as well as degeneration to ventricular fibrillation 
(VF).26-32  Additionally, response to adenosine is also 
not diagnostically helpful, because it can convert 
many VTs into sinus rhythm, or it may fail to convert 
SVTs.98  For these reasons, the use of adenosine in 
the setting of WCT should be limited to patients in 
whom a presumptive diagnosis of SVT has been made, 
particularly if vagal maneuvers are not successful in 

Table 6. Summary Of ECG Criteria For Irregular WCT—The 
Griffith(II) Algorithm

Step-By-Step Process Comments

Step 1 The first objective in an unstable 
patient is to evaluate for 
hemodynamic instability and 
treat per ACLS guidelines.  The 
first objective in a stable patient 
is to acquire a paper copy of 
the12-lead ECG and/or 12-lead 
rhythm strip of WCT.  Examine 
the ECG for pacing spikes at 
the beginning of every QRS.  
Consider toxic and metabolic 
derangement early in the 
differential diagnosis (obtain 
arterial or venous blood gas with 
electrolytes if needed).

A single lead rhythm 
strip is inadequate for 
WCT diagnosis.

Step 2 Attempt to retrieve an old/
baseline ECG, if possible.

A comparison with an 
old ECG is very useful.

Step 3 Distinguish between 
polymorphic VT and the other 
two AF arrhythmias (AF with 
AVC or AF with preexcitation).

PVT: the rate is usually  •	
> 200; irregular; pronounced 
amplitude variation, especially 
in lead with largest amplitude.
AF: the rate is usually  •	
< 200; irregular; no significant 
amplitude variation.  AF with 
preexcitation can have rates 
> 200, but it is very unusual 
to have significant amplitude 
variation.

Once PVT has been 
excluded, use the 
morphology criteria 
to distinguish 
between the two atrial 
fibrillation arrhythmias 
(atrial fibrillation with 
bundle branch block 
or atrial fibrillation with 
preexcitation).

Step 3 Does the QRS morphology of 
WCT in leads V1 and V6 match 
the classic RBBB or LBBB 
pattern in Table 4?

It is unusual for 
atrial fibrillation with 
preexcitation to have 
QRS morphologies 
that match classic 
RBBB or LBBB.

Step 4 If WCT has an exact RBBB 
pattern or exact LBBB pattern 
→ then it is atrial fibrillation with 
preexisting BBB/aberrancy.
OTHERWISE → it is a atrial 
fibrillation with preexcitation.
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termination of the underlying rhythm.
Whenever pacemaker-mediated WCT is 

considered, a 12-lead ECG before and after placement 
of a magnet over the device can be very useful.44  
The 12-lead ECG before magnet application usually 
demonstrates pacing spikes at the beginning of each 
QRS complex.  Pacemakers are typically programmed 
to be able to both “sense” (detect native cardiac 
electrical activity) and “pace” the myocardium.  The 
application of a magnet over a pacemaker prevents 
it from being able to “sense” native electrical 
impulses and forces the magnet to pace the heart at 
a set rate (asynchronous pacing; usually at 60–100 
bpm depending on the pacemaker manufacture).44,45  
The inability to “sense” usually terminates most 
pacemaker-mediated WCTs as long as the magnet is 
over the device.  This approach is usually successful in 
sensor-mediated tachycardias, tachycardias with atrial 
tracking, and endless loop tachycardias.  In very rare 
situations, asynchronous pacing can cause ventricular 
tachycardia and fibrillation.100  For this reason, one 
should have immediate access to the defibrillator and 
other ACLS interventions while applying a magnet 
over a device.

General Management Principles

The treatment of WCT varies based on the clinical 
presentation as well as the rhythm diagnosis.  In many 
instances, a specific rhythm diagnosis is not possible 
regardless of the diagnostic strategy; thus, the patient’s 
clinical presentation should direct therapy within the 
diagnostic realm of the WCT.  The first objective of 
treatment of any patient with WCT (or for that matter 
any tachycardia) is to evaluate for hemodynamic 
instability and prepare for interventions (defibrillation, 
airway management, etc) because any given patient 
with WCT can deteriorate quickly, and the rhythm can 
degenerate into VF.

Clinical instability in the WCT patient is 
manifested by systemic hypoperfusion (hypotension 
and other evidence of hypoperfusion), pulmonary 
edema, acute coronary ischemia, altered mentation, 
or extremely rapid rate.  The presence of any of these 
criteria should prompt consideration for immediate 
electrical therapy and other recommendations 
consistent with the current ACLS guidelines;48 
however, the following caveat applies.  Guidelines 
by their nature are designed for application across 
a population of patients, and individual patient and 
system issues may suggest alternative approaches 
to specific presentations.  This is especially true in 
patients with significant electrolyte or metabolic 
imbalances, digoxin toxicity, and anti-arrhythmic 
toxicity where the usual approaches for ventricular 
tachycardia management are less likely to be 
successful.34,57  Pacemaker-mediated WCT should also 
be considered early in the course of the ED evaluation 

because their management is usually quite different 
than the other etiologies of WCT.

The early consideration and exclusion of toxic/
metabolic causes and pacemaker-mediated WCT leaves 
SVT with AVC, VT, and preexcited tachycardias as the 
only remaining etiologies for WCT (other than artifact).  
The subsequent application of the Griffith approach 
(Tables 4 and 5) to a regular WCT should result in 
one of two diagnoses: SVT with AVC or VT.  The vast 
majority of cases of preexcited tachycardias will fall in 
the VT category (which is advantageous because their 
management is similar).  With irregular WCTs, the 
algorithm described earlier (Tables 4 and 6) results in 
one of three diagnoses: polymorphic VT, AF with AVC, 
and AF with preexcitation.

Toxic- And Metabolically-Mediated WCT

Ventricular arrhythmias are often resistant to 
cardioversion or defibrillation in cases of drug 
toxicity.34,57  Because patients can present with 
hemodynamic instability or frank cardiogenic shock, 
inotropes, pressors, and an intra-aortic balloon pump 
are not infrequently required.57  In cases of regular 
WCT secondary to class I anti-arrhythmic toxicity 
(e.g., flecainide, propafenone), sodium bicarbonate is 
a very useful medication.  Because sodium channel 
dysfunction is typical of toxicity-related regular WCT, 
administration of sodium bicarbonate can cause 
narrowing of the QRS complex and termination of 
the dysrrhythmia.58,59  The management of toxic- or 
electrolyte-induced polymorphic VT is similar to other 
etiologies of polymorphic VT (described later). 

Reported effective dosage of sodium 
bicarbonate is variable, ranging between 200 and 
450 meq, approximately 4–9 “ampules” of sodium 
bicarbonate.58,59  Animal data would suggest that to 
obtain adequate clinical effect in cases of flecainide 
or encainide toxicity, more than 3 meq/kg per dose 
of sodium bicarbonate may be required.58,60  Both 
lidocaine and amiodarone have been reported as 
effective alternatives to sodium bicarbonate in cases of 
flecainide toxicity.61,62  The usual lidocaine dose is 1–1.5 
mg/kg IV bolus with repeat bolus of 0.5–1 mg/kg IV 
in 5–10 minutes up to a total of 3 mg/kg; a continuous 
infusion of 1–4 mg/min is then started.  The dosage 
of amiodarone used in cases of flecainide toxicity has 
been the pulseless VT/VF dose of amiodarone: 300 mg 
IV bolus in 20–30 mL of NS or D5W with repeat bolus 
of 150 mg IV as needed, and a continuous infusion of 1 
mg/min for 6 hours, then 0.5 mg/min.

Sodium bicarbonate is also valuable in the 
treatment of TCA toxicity.37,101  The initial dose is 
1–2 meq/kg (2–3 100 mL ampules of 8.4% sodium 
bicarbonate) given as a rapid IV bolus.  It is useful to 
run a continuous 12-lead ECG during the infusion, 
to demonstrate any changes in the dysrhythmia or 
narrowing of the QRS complex.  Supplemental boluses 
are frequently useful to achieve a pH of 7.5–7.55.  The 
use of sodium bicarbonate should not detract from the 
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need for volume replacement in patients with TCA 
toxicity and hypotension.37

The treatment of hyperkalemia involves the use 
of membrane-stabilizing agents (calcium), transient-
shifting agents (sodium bicarbonate, albuterol, insulin, 
dextrose, magnesium sulfate), and removal agents 
(polystyrene binding resins and hemodialysis).

Pacemaker-Mediated WCT

The management and diagnostic strategy when 
faced with a WCT that is likely pacemaker mediated 
is to obtain a 12-lead ECG before and after the 
magnet placement.  The application of a magnet will 
terminate most pacemaker-mediated WCTs with the 
exception of the runaway pacemaker.  Fortunately, 
runaway pacemakers are extremely rare in the current 
generation of pacing systems.  Comprehensive 
management of a pacemaker-mediated WCT involves 
interrogation and reprogramming of the device.44  
This usually necessitates contacting either the on-call 
technical representative of the device manufacturer or 
the cardiologist or electrophysiologist on call.

Regular WCT: VT And Preexcited Tachycardia

The Unstable Patient
The first objective in the management of these 
WCTs is the evaluation for hemodynamic instability.  
Synchronized electrical cardioversion is the treatment 
of choice in the unstable patient.48  If recurrent 
ventricular arrhythmias are noted in the unstable 
patient, additional electrical cardioversion is indicated.  
Patients with shock-resistant or recurrent pulseless VT 
(VF or cardiac arrest) should receive an amiodarone 
bolus of 300 mg IV with an additional bolus of 150 
mg IV as needed and a continuous infusion at 1 mg/
min for 6 hours and then 0.5 mg/min for 18 hours.  
In patients who have recurrent VT or preexcited 
tachycardia with signs of hypoperfusion (but do have 
a pulse), amiodarone should be given at a dose of 150 
mg IV; an additional bolus of 150 mg IV can be given 
followed by a continuous infusion at 1 mg/min for 6 
hours and then 0.5 mg/min for 18 hours.  Lidocaine is 
an alternative to amiodarone and is dosed at 1–1.5 mg/
kg IV, with supplemental doses of 0.5–0.75 mg/kg IV 
(max dose of 3 mg/kg) in cases of recurrent pulseless 
VT (VF or cardiac arrest).  In cases of recurrent unstable 
VT or preexcited tachycardia (with a pulse), the dose of 
lidocaine is 0.5–0.75 mg/kg IV with supplemental doses 
as needed.  Lidocaine is then given as a continuous 
infusion at a dose of 1–4 mg/min intravenously.  

The Stable Patient
Even in stable patients with VT or preexcited 
tachycardia, synchronized cardioversion should be 
immediately available because anti-arrhythmic failures 
and hemodynamic decompensation can occur.  In 
these patients, procainamide is the drug of choice.49  
Procainamide will terminate the rhythm in the vast 
majority of cases (77% termination rate in stable VTs),51 

and it is superior to amiodarone (30% termination 
rate in stable VTs)52 and lidocaine (27% termination 
rate in stable VT)51 in patients with stable VT.52,53  Not 
only is it more effective in the termination of stable 
VT, but procainamide also blocks accessory pathway 
conduction which terminates preexcited tachycardias.  

Procainamide infusion requires frequent blood 
pressure monitoring and continuous ECG monitoring.  
Prior to administering procainamide, the QRS complex 
duration of the WCT should be measured in the lead 
with the widest QRS.  Procainamide should be given 
intravenously until either the arrhythmia terminates 
or one of the following criteria is met: hypotension 
(SBP < 90), prolongation of the QRS complex duration 
by 50% compared with baseline duration, acceleration 
of the tachycardia, or a total of 1 gm administered.  
We recommend the procainamide dosing protocol 
used by Gorgels and colleagues that requires only 
10 minutes for their maximum dose of 10 mg/kg.51  
These investigators administered procainamide at 
100 mg/min until a maximum of 10 mg/kg or one of 
the previously mentioned criteria are reached.  This 
approach is attractive because it allows a more rapid 
loading of procainamide, although the accelerated 
regimen (compared with the ACLS regimen) may 
increase the risk of adverse effects.  The ACLS dosing 
recommendation is an infusion of 20 mg/min (until a 
maximum dose of 17 mg/kg) until either the arrhythmia 
terminates or one of the previously mentioned criteria 
is met.48  The dosing of the maintenance infusion is 1–4 
mg/min diluted in normal saline or D5W with dosing 
at the lower end of the range in patients with renal 
insufficiency.

In patients with stable VT or preexcited 
tachycardia, amiodarone is given as an intravenous 
dose of 150 mg over 10 minutes with a maintenance 
infusion of 1 mg/min for 6 hours and 0.5 mg/min 
thereafter.  Supplemental doses of 150 mg over 
10 minutes may be given as needed.  Lidocaine 
is less efficacious than either procainamide or 
amiodarone.51-53,55,56  In addition, lidocaine is not 
significantly effective in the treatment of preexcited 
tachycardias.  When used for the treatment of stable 
VT, the dosing for lidocaine is an IV bolus of 0.5–1.5 
mg/kg over 2 minutes with an infusion of 1–4 mg/min.  
Supplemental doses of 0.5–0.75 mg/kg may be given 
every 5–10 minutes to a maximum total dose of 3 mg/
kg.48,49,51

Careful cardiovascular monitoring is recommended 
in all patients receiving anti-arrhythmic medications, 
especially in those with heart failure symptoms or 
known left ventricular dysfunction.48  Synchronized 
cardioversion is the next treatment of choice in the 
event of anti-arrhythmic failure or if the patient 
becomes unstable.  

The management of a patient with a 
hemodynamically stable WCT in the setting of ACS is 
similar to patients without ACS; the only caveat being 
that the threshold for using cardioversion to terminate 
arrhythmia should be lower.  Urgent cardiology 
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consultation is recommended so that early coronary 
angiography and revascularization can be facilitated.  

Regular WCT: Supraventricular Tachycardia With 
Aberrant Ventricular Conduction

As with all WCT patients, initial evaluation and 
management decisions should be based on the 
patient’s hemodynamic status.  As described earlier, 
this group of patients includes those with SVT with 
either preexisting bundle branch block or transient 
functional bundle branch aberrancy.  If instability is 
noted, immediate electrical cardioversion should be 
initiated.  

Patients with SVT with AVC should be 
distinguished from those with preexcited tachycardias 
because the latter group of patients shares many 
features with ventricular tachycardia and should 
be treated as such (as described in the section titled: 
“Regular WCT: VT And Preexcited Tachycardia”).  
Patients with preexcitation should not receive AV 
nodal agents because this can precipitate ventricular 
tachycardia or ventricular fibrillation.  The benefit 
of the Griffith algorithm is that most preexcited 
tachycardias get classified as ventricular tachycardia, 
which decreases the risk of inadvertent administration 
of AV nodal blocking agents to these patients.  

In patients with SVT with AVC, AV nodal 
blocking agents are the drugs of choice after attempts 
at vagal maneuvers (either carotid sinus massage or 
the valsalva maneuver).  In this setting, intravenous 
adenosine is the treatment of choice.  The initial dose is 
6 mg bolus, followed by saline IV flush, which can be 
followed by a 12 mg bolus dose if no clinical effect is 
seen within a few minutes (a second 12 mg bolus dose 
can be given if needed).  If a clinical effect is seen with 
adenosine, it is either a conversion to sinus rhythm or 
a continuation of the SVT with a transient AV nodal 
block.  If adenosine is unsuccessful in converting 
the rhythm, the next drugs to consider are calcium 
channel or beta-adrenergic blocking agents.  Diltiazem 
is usually given as a bolus dose of 10–20 mg (0.25 mg/
kg) IV over 2 minutes; a repeat bolus intravenous 
dose can be given in 15-minute increments of 20–25 
mg (0.35 mg/kg).  A maintenance infusion of 5–15 
mg/hr can then be started as needed or, alternatively, 
the patient may be loaded with oral diltiazem if the 
initial bolus dose effectively controls the heart rate.  
The usual beta-blocking agents used are atenolol, 
metoprolol, and esmolol.  Atenolol is given as a slow 
5 mg IV dose (over 5 minutes); a second dose of 5 mg 
slow IV (over 5 minutes) can be given after 10 minutes 
if the first dose is well tolerated.  The metoprolol 
dose is 5 mg slow IV push at 5-minute intervals to a 
total of 15 mg.  Intravenous esmolol is given as an IV 
loading dose of 0.5 mg/kg over 1 minute, followed by 
a 4-minute infusion of 0.05 mg/kg/min for a total of 0.2 
mg/kg.  If the effect is inadequate, a second loading 
dose can be given, with a subsequent increase in the 
maintenance infusion to 0.1 mg/kg/min (maximum 

infusion rate of 0.3 mg/kg/min).  Side effects of 
diltiazem and the aforementioned beta-blocking agents 
include bradycardias, hypotension, and pulmonary 
edema.  Therefore, careful cardiovascular monitoring is 
important, especially when bolus doses are given.

Irregular WCT: Polymorphic Ventricular Tachycardia

Sustained polymorphic VT (PVT) typically degenerates 
into VF.  Therefore, the provider should be prepared to 
treat VF.  According to ACLS guidelines, the immediate 
goals are to provide oxygen, obtain a 12-lead ECG, and 
prepare for more aggressive resuscitation.  

Recurrent salvos of nonsustained polymorphic 
VT is not an infrequent presentation.  These 
patients should be treated with direct current (DC) 
cardioversion if unstable.  The management of 
hemodynamically stable patients with single or 
recurrent nonsustained polymorphic VT should 
begin with the evaluation of the QT interval on the 
12-lead ECG.49  This QT interval distinguishes between 
torsades de pointes (i.e., polymorphic VT with a 
prolonged QT interval) and polymorphic VT with 
normal QT interval.  

In patients with a normal QT interval (QTc < 
450 ms), ongoing myocardial ischemia is the most 
frequent etiology.49,102  Hence, the treatment in patients 
with a single or recurrent nonsustained polymorphic 
VT with a normal QT interval usually involves the 
use of beta blockers, amiodarone, and early cardiac 
catheterization.49  Lidocaine is considered a second line 
anti-arrhythmic agent.49  As with torsades de pointes, 
these patients should have rapid assessment of serum 
electrolytes with particular attention to repletion of 
potassium and magnesium.  Beta-blockade can be 
accomplished with the following: 1) IV propranolol 
0.15 mg/kg over 10 minutes and then 3–5 mg q6hours, 
2) esmolol 300–500 mg/kg load over 1 minute and then 
25–50 mg/kg/min, and 3) metoprolol 5 mg IV every 
5 minutes for 3 doses and then 50 mg orally every 6 
hours.54  Intravenous amiodarone is administered as a 
150 mg intravenous bolus with a maintenance infusion 
of 1 mg/min for 6 hours and 0.5 mg/min thereafter.  
Supplemental doses of 150 mg amiodarone can be 
given as needed.  Lidocaine is dosed as an IV bolus of 
0.5–1.5 mg/kg over 2 minutes with an infusion of 1–4 
mg/min.  Supplemental doses of 0.5–0.75 mg/kg may 
be given every 5–10 minutes to a maximum total dose 
of 3 mg/kg.

Patients who have polymorphic VT with a 
long QT interval are deemed to have torsades de 
pointes.  Patients with single or recurrent salvos of 
nonsustained torsades de pointes should be treated 
with a 2 gm bolus dose of IV magnesium sulfate 
with repeat boluses and infusion as needed.  These 
patients should have a rapid evaluation of their 
electrolytes.  Since the QT interval shortens with 
faster heart rates in most patients, treatments that 
increase the heart rate can suppress recurrent episodes 
of torsades de pointes.  Hence, urgent transvenous 



Emergency Medicine Practice © 2008	 16 EBMedicine.net • June 2008

pacing can be very useful in these patients, especially 
in patients with significant bradycardia (e.g., sinus 
bradycardia, heart block); the goal ventricular rate 
is 100 bpm.102  Since transcutaneous pacing can be 
quite painful, it should be performed with the patient 
sedated as a bridge to transvenous pacing.  If pacing 
is not immediately available, isoproterenol at 1–4 
mcg/min can be considered to achieve a heart rate 
of 100 bpm.  Isoproterenol should be used with the 
caveat that it be avoided in patients with significant 
hypertension, suspicion of myocardial ischemia, 
or history of congenital long QT syndrome.  By 
increasing the sympathetic activity, isoproterenol can 
potentiate life-threatening arrhythmias in patients 
with myocardial ischemia and congenital long QT 
syndrome.  Intravenous lidocaine is another useful 
option in patients with torsades de pointes.49,102  It is 
dosed as an IV bolus of 1–1.5 mg/kg over 2 minutes 
with an infusion of 1–4 mg/min.  Supplemental doses 
of 0.5–0.75 mg/kg may be given every 5–10 minutes to 
a maximum total dose of 3 mg/kg.102  Unlike patients 
with monomorphic VT and polymorphic VT with 
normal QT interval, amiodarone should be avoided in 
patients with torsades de pointes because it can further 
prolong the QT interval and worsen the situation.

Irregular WCT: AF With Preexcitation

One arrives at the diagnosis of AF with preexcitation 
by excluding polymorphic VT as a potential diagnosis 
and then applying the Griffith algorithm (Tables 4 and 
6) to irregular WCTs to distinguish it from AF with 
AVC.  The treatment options for these patients include 
DC cardioversion, procainamide, and amiodarone (see 
“Regular WCT: VT And Preexcited Tachycardias”).  

Irregular WCT: AF With AVC

These patients are treated similar to other patients with 
SVT with AVC (see “Regular WCT: SVT With AVC”). 

Special Circumstances

Wide Complex Tachycardia In The Pediatric Patient

The process of diagnosis and acute management of 
WCT in the pediatric patient is similar to the adult 
patient.  Diagnostically, age-related differences in 
rate and QRS complex duration must be considered.  
Therapeutically, the primary differences between 
the two populations includes alterations in the drug 
dosages of anti-arrhythmic drugs and energy required 
for synchronized cardioversion (0.5–1 joules/kg) or, if 
pulseless, defibrillation (2–4 joules/kg).63  

Acute management of WCT in a pediatric patient 
depends on the patient’s age and hemodynamic 
status.64  When faced with shock or cardiovascular 
collapse, immediate synchronized cardioversion with 
0.5–1 joule/kg is necessary.  In more stable situations 
and if a diagnosis of SVT is made, 0.1–0.2 mg/kg of 
adenosine can be given in rapid boluses to induce 

transient AV block.63  If VT is the diagnosis, amiodarone, 
procainamide, or lidocaine are all acceptable therapeutic 
agents.  

The Adult Patient With Congenital Heart Disease

The evaluation and management of WCT in patients 
with ‘simple’ adult congenital heart diseases, such as 
atrial septal defects and un-operated small ventricular 
septal defects, are not significantly different from the 
standard approach.  Complex adult congenital heart 
disease, however, does merit additional consideration.  
The largest body of information is available for post-
operative tetralogy of Fallot.  

Supraventricular arrhythmias are a frequent 
complication in patients who have a surgical correction 
of their tetralogy of Fallot.65  The supraventricular 
rhythms in these patients are typically RBBB in 
morphology.65  Therefore, if a post-operative tetralogy of 
Fallot patient has a WCT with an LBBB morphology, the 
dysrhythmia is likely VT.65  

The Pregnant Patient With Wide Complex Tachycardia

The major concern regarding anti-arrhythmic drug 
therapy during pregnancy is the potential adverse 
effects on the fetus.66  None of the anti-arrhythmic 
drugs available are FDA category A for use in 
pregnancy.  Among the anti-arrhythmics commonly 
used, only lidocaine and sotalol are category B.  Of note, 
amiodarone, which is the most commonly used anti-
arrhythmic in the treatment of WCT in non-pregnant 
patients, is a category D drug in pregnancy.  Other than 
phenytoin (FDA category X), the vast majority of the 
remaining anti-arrhythmics are FDA category C.

SVT and VT can arise for the first time during 
pregnancy or become more frequent during this 
period.67  At least two groups of investigators have 
noted an increased incidence of arrhythmias associated 
with an accessory pathway during pregnancy.68,69  
Similar to non-pregnant patients, the 12-lead ECG is an 
important tool in the diagnosis of WCT.  The diagnostic 
strategies used to discriminate between the different 
etiologies of WCT are similar to the non-pregnant 
patient.  When a pregnant patient presents with new 
onset WCT in the last few weeks of pregnancy or within 
6 months of delivery, the possibility of peripartum 
cardiomyopathy should be considered.

Regardless of the etiology, if a pregnancy-
associated WCT becomes hemodynamically unstable, 
DC cardioversion of 50–100 J should be considered.  If 
unsuccessful, higher energies should be used (100–360 
J).  DC cardioversion is considered safe in all stages of 
pregnancy with no significant fetal complication.70-72  
As with other pregnancy-associated disease processes, 
“stabilize the mother and you will stabilize the fetus.”  
It is necessary, however, to monitor the fetal rhythm if 
possible, because transient fetal arrhythmia has been 
reported during DC cardioversion in pregnancy.73  As 
fetal monitoring is not possible in most EDs, specialty 
consultation is advised, but management decisions 
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hours) to avoid the need for anticoagulation.103  While 
quinidine (FDA category C) has a long history of safe 
use in pregnancy, chemical cardioversion with other 
anti-arrhythmic drugs (e.g., flecainide, propafenone, 
ibutilide, procainamide) has also been reported in 
pregnancy patients.81,103

Disposition

The ECG is only a test and in isolation does not provide 
adequate information for the definitive management 
of all WCTs.  As is true of most syndromes in clinical 
medicine, WCTs present across a spectrum of severity, 
ranging from non-worrisome to life threatening.  
Generally, the two extremes of this spectrum are easily 
identified:  1) the patient with sinus tachycardia and 
preexisting BBB demonstrates a WCT in the setting of 
mild volume depletion from gastroenteritis, and 2) the 
patient with ventricular tachycardia with hemodynamic 
compromise manifested by hypotension and pulmonary 
congestion.  While the ECG provides little clinically 
relevant data in the first scenario (other than confirming 
sinus tachycardia), in the second case, the ECG can be 
very helpful in long-term management, even though 
it doesn’t change short-term management (electrical 
cardioversion).  Again, as is true in much of clinical 
medicine, the middle ground along this spectrum of 
severity can be difficult to sort out.

In general, most instances of ventricular tachycardia 
should be admitted to the hospital.  Similarly, patients 
with preexcited tachycardias likely require hospital 
admission for prompt evaluation and management 
because these patients are at risk for sudden death.  
Cases of SVT with AVC or AF with AVC must be judged 
on an individual basis.  For instance, the patient with 
recurrent AF and BBB may only require rate control.  
Assuming other underlying medical issues do not exist, 
initial management would focus on rate control which, if 
successful, may enable the patient to be discharged from 
the ED.  In summary, disposition of the WCT patient 
should be driven by consideration of the underlying 
medical issues specific to each case and not by the 
presence of a WCT alone.

Case Conclusions

Patient #1, a 67-year-old male with MI and CHF, 
demonstrates a WCT.  In the prehospital setting, the 
patient was stable or, more appropriately phrased, not 
unstable.  Unfortunately, he has deteriorated upon arrival.  
He is lethargic with a BP of 70 mmHg by palpation.  The 
monitor demonstrates the WCT as seen in Figure 1; note 
the appearance of deflections and irregularities in the QRS 
complexes—likely representing AV dissociation.  A 12-lead 
ECG of this WCT is shown in Figure 14.  The Griffith 
algorithm reveals a right axis deviation with a left bundle 
branch morphology WCT and AV dissociation, all of which 
lead to the diagnosis of VT.  You rapidly assess him, noting 
his significant instability.  He is sedated with etomidate 

should not be delayed if the patient becomes unstable.  
When necessary, cardiopulmonary resuscitation (CPR) 
should be performed with the pregnant patient tilted 
on her side, with either a wedge or another rescuer’s 
knees for support.74

In the hemodynamically stable pregnant 
patient with undifferentiated monomorphic WCT, 
diagnosed VT, or preexcited tachycardia, initial 
therapy should be intravenous procainamide 
(FDA category C).75,76  Procainamide has been used 
with no evidence of teratogenicity.77  The next 
drug of choice is lidocaine (FDA category B) in 
patients with VT or undifferentiated WCT (it is not 
effective in preexcited tachycardias).  Given the 
category B status of lidocaine, one could consider 
using lidocaine before procainamide in a pregnant 
patient with VT.  Data from non-pregnant patients, 
however, does demonstrate a marked superiority of 
procainamide over lidocaine in the acute termination 
of hemodynamically stable VT (80% vs. 21%).51  Use 
of lidocaine in the early stages of pregnancy is not 
teratogenic.75  Amiodarone (FDA category D) is of 
limited value in pregnancy; it is associated with 
many serious side effects for the fetus, including 
hypothyroidism, growth retardation, and premature 
delivery.78  Hence, it should be reserved for life-
threatening and refractory conditions.79  

In the pregnant patient with polymorphic VT, 
intravenous magnesium can be very useful, similar to 
its use in the non-pregnant patient.  It is particularly 
effective in patients with torsades de pointes.  The 
dosage is 2 g intravenously with supplemental doses 
and an infusion as needed.  Adverse impacts are rare 
and include maternal hypothermia, fetal bradycardia, 
respiratory depression, and hypotonia in the newborn 
which may require aggressive measures.80  

Initial treatment of the stable patient with SVT 
with AVC should start with vagal maneuvers to 
terminate the arrhythmia.  If this fails, adenosine (FDA 
category C) should be used.  It is not known to be 
teratogenic and it is as effective in terminating SVT (> 
90% successful) in pregnant patients as it is in those 
not pregnant.76,82  While information about the use of 
diltiazem (FDA category C) in pregnancy is limited, 
verapamil (FDA category C) has a history of safe use 
in pregnancy.103  One retrospective analysis suggested 
a risk of birth defects associated with its use in the 
first trimester.83  Beta blockers have been widely used 
in pregnancy for a variety of indications.  Propranolol 
(FDA category C) has been extensively used but 
has been associated with a small risk to the fetus.73  
Labetolol and metoprolol are also frequently used, 
but both are category C.  While atenolol is category D, 
two new beta blockers (pindolol and acebutelol) are 
category B.103 

Stable pregnant patients with AF with AVC 
should be managed with beta-blockers, diltiazem, 
or verapamil to achieve rate control similar to non-
pregnant patients.  Early DC cardioversion or chemical 
cardioversion should be considered (within 48 
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and cardioverted at 100 joules to sinus tachycardia and 
an improved hemodynamic picture.  The 12-lead ECG 
subsequently performed does not demonstrate ACS-related 
abnormalities; the serum marker analysis is normal.  He is 
admitted to the CCU. 

Patient #2, the elderly female with a hemodynamically 
stable WCT, demonstrates a wide complex rhythm.  Her 
examination is remarkable only for the rapid rate.  The 
12-lead ECG (Figure 17) reveals a WCT with RBBB 
morphology at a rate of 150 bpm that does not meet the 
Griffith RBBB criteria (Table 4).  This leads you to a 
presumptive diagnosis of VT.  During your history, the 
patient notes a history of atrial flutter.  You review her prior 
ECGs, one of which demonstrates sinus rhythm with an 
identical RBBB morphology as the one today.  The other 
ECG demonstrates atrial flutter with 4:1 conduction (a rate 
of 75 bpm) with an identical RBBB morphology as the WCT 
today.  She is cautiously diagnosed with atrial flutter with 
rapid ventricular response (with 2:1 AV conduction) and 
preexisting bundle branch block.  She receives intravenous 
diltiazem and is admitted to the telemetry unit for further 
monitoring.  

Patient #3, a 19-year-old male with palpitations 
and weakness, is more problematic.  He is somewhat ill-
appearing, yet his BP has improved spontaneously to 105/79 
mm Hg.  The monitor continues to demonstrate an irregular 
WCT (Figure 3) with the 12-lead ECG revealing a similar 
finding (Figure 18). Review of the rhythm lead V1 (below 
the 12-lead ECG in Figure 18) demonstrates no significant 

QRS amplitude variation, making polymorphic VT quite 
unlikely.  The Griffith criteria (Tables 4 and 6) lead you to 
the conclusion that this irregular WCT does not meet the 
classic RBBB morphology criteria.  Hence, you diagnose 
this patient with atrial fibrillation with preexcitation (WPW 
syndrome).  Due to his apparent stability, the patient 
receives intravenous procainamide over 40 minutes.  He is 
monitored very closely during this infusion.  Despite a full 
loading dose of procainamide, he continues to demonstrate 
the WCT.  Thus, you administer etomidate and cardiovert 
this gentleman at 100 J to sinus rhythm with evidence 
of ventricular preexcitation (Figure 19).  He experiences 
no further issue other than a brief period of myoclonic 
movement resulting from the etomidate administration.  He 
is admitted to the hospital for further evaluation, including 
electrophysiologic study.  

Patient #4, the 71-year-old male transfer patient 
from the primary physician’s office with WCT, arrives as 
described.  He has normal vital signs with the exception of 
the pulse, which remains in the 180 bpm range.  He notes 
only palpitation and denies chest pain, dyspnea, or other 
complaint; his medical history is significant for angina, 
myocardial infarction, and hypertension.  The ECG rhythm 
strip (Figure 4) and 12-lead ECG demonstrate a WCT 
(Figure 20).  Because it demonstrates AV dissociation 

Figure 19. Patient #3—Normal Sinus Rhythm With PR Interval 
Shortening

The initial slurring of the QRS complex (delta wave) and QRS complex 
widening is consistent with preexcitation seen in Wolff-Parkinson-
White syndrome.

Figure 20. Patient #4—Regular Wide Complex Tachycardia 
With A Ventricular Rate Of 170 bpm

It has a LBBB morphology that fails the Griffith criteria (it has an 
initial r in V2 that is at least 40 ms in width).  It also demonstrates AV 
dissociation (seen in leads I, III, avF, avL, V5) (arrows)—this finding is 
suggestive of VT.

Figure 17. Patient #2—Wide Complex Tachycardia Which Is 
Regular At A Rate Of 150 bpm

Note the RBBB morphology with the rR` QRS complex configuration 
in lead V1.  

Figure 18. Patient #3—Irregular Wide Complex Tachycardia 
With A Ventricular Rate Of 230 bpm

Note the varying configurations of the QRS complexes in any 
single lead but no significant variation in the amplitude of the QRS 
complexes.  The WCT does not meet the classic RBBB criteria, and 
the likely diagnosis is atrial fibrillation with preexcitation.
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1.	 “Look at this rhythm strip.  It’s a narrow complex 
tachycardia.  We have an SVT on our hands.”  
Avoid making a diagnosis of narrow complex 
tachycardia by one or two lead rhythm 
strips alone.  Only when the QRS is narrow 
in all 12-leads can a classification of narrow 
complex tachycardia be used.  Many wide QRS 
tachycardias have a narrow QRS complex in a few 
leads (because a portion of the QRS is isoelectric 
in those leads).  In the unstable patient with WCT, 
DC cardioversion is the treatment of choice.  
The management of stable patients with WCT 
will be greatly facilitated by a 12-lead ECG that 
demonstrates the tachycardia.  

2.	 “That looks like VT on the telemetry monitor.  
Get the paddles.”  
Avoid making a diagnosis of VT vs. SVT with 
only a rhythm strip or by monitoring the rhythm 
on a telemetry screen.  If the patient is unstable, 
then “getting the paddles” is the correct next 
step (regardless of whether the rhythm is a VT 
or SVT with AVC).  A stable patient will benefit 
from a paper copy of the 12-lead.  Many of the 
specific signs for VT are quite subtle (e.g., AV 
dissociation) and need a few minutes of your time 
with the paper copy of the ECG.  Since the specific 
diagnosis (SVT with AVC or VT) can never be 
made with 100% certainty in every case, a paper 
copy of the tachycardia is very useful in the long-
term management of the patient.  

3.	 “He looks very good.  It’s probably an SVT.”  
Avoid the assumption that a patient with stable 
vital signs or minimal symptoms could only have 
SVT.  The literature is also littered with cases of 
wide complex tachycardias where the incorrect 
diagnosis of SVT was made partly because of 
“how well the patient looked.”

4.	 “This is SVT with aberrancy.  See, it meets all the 
QRS morphological criteria on the 12-lead ECG.”  
No single electrocardiographic criterion or 
combination of criteria are adequate to distinguish 
between SVT and VT.  While the Griffith or 
Brugada algorithms are quite accurate, neither 
of them is 100% accurate.  The patient’s history, 
physical examination, and laboratory data can 
be very helpful.  Therefore, ask a stable patient 
regarding any history of MI, CHF, recent unstable 
angina, complex congenital heart disease, and 
allergies.

5.	 “This is VT.  SVT with aberrancy never looks 
this bizarre.”  
Do consider electrolyte abnormalities and drug 
toxicity in the differential.  While the timely 
treatment of VT with cardioversion is quite 
important, it can sometimes be ineffective in 

patients with metabolic derangement, especially 
hyperkalemia or toxic ingestion.  If possible, 
question patients and their families regarding 
drug ingestion, and check laboratory studies for 
electrolyte levels. 

6.	 “She has had an SVT before.  This wide complex 
tachycardia must be SVT with AVC.  See if we can 
slow it down with some diltiazem or verapamil.”  
Avoid the use of calcium channel blockers in 
patients with wide QRS tachycardia unless you are 
reasonably confident that the current presentation 
(and today’s 12-lead ECG) demonstrates SVT with 
AVC.  Calcium channel blockers can precipitate 
cardiovascular collapse if given to a patient with 
VT.

7.	 “That’s a WCT.  See if adenosine works.”  
Avoid the use of adenosine as a tool to distinguish 
SVT from VT.  It is not very useful as a diagnostic 
tool because adenosine can terminate many VTs 
and have little impact on many SVTs.  Moreover, its 
use is not without risk.  There are multiple reports 
of adenosine-induced coronary steal and conversion 
of WCT to ventricular fibrillation.

8.	 “He just had CABG two-months ago.  He has 
significant coronary disease.  This must be VT.”
The presence of coronary disease or history of 
revascularization (percutaneous or surgical) 
is not a predictor of VT.  The vast majority of 
revascularization procedures in the United States 
are performed for stable angina (not unstable 
angina/myocardial infarction).  Only a history 
of myocardial infarction, known left ventricular 
dysfunction, or recent unstable angina is predictive 
of VT.

9.	 “I think this is VT, but I can’t believe that she is 
only 36-years old.  Since she’s stable, let’s give her 
some amiodarone and stop the VT.”
As with most clinical syndromes in medicine, 
the diagnosis of pregnancy has the potential to 
significantly alter management.  Do remember to 
check a pregnancy test in women of child-bearing 
potential.  In a stable patient (even if she was 
pregnant), procainamide should be considered 
the anti-arrhythmic of first choice in a patient with 
stable monomorphic VT.  This is especially true in 
pregnancy because of the need to avoid amiodarone 
exposure to the fetus (FDA category D).  

10.	 “He has had a surgical repair for his tetralogy of 
Fallot.  His WCT is most likely VT.”
Supraventricular arrhythmias with preexisting 
bundle branch block are quite common in patients 
with complex congenital heart disease.  A history of 
complex congenital heart disease is not a predictor 
for VT.

Risk Management Pitfalls For Wide Complex Tachycardia
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(including capture/fusion beats) and doesn’t meet the 
Griffith criteria for classic LBBB (the “initial r” in V2 is at 
least 40 ms in width), you diagnose the patient with VT.  
His history of MI further supports your diagnosis.  Due 
to his stability, he receives intravenous amiodarone over 
10 minutes without effect; a repeat infusion of amiodarone 
results in a conversion to sinus tachycardia (procainamide 
would also have been a very reasonable choice).  His 
subsequent ED evaluation is unremarkable; he is admitted to 
a monitored unit for further care.

Summary

In most instances, a wide complex tachycardia 
represents either VT, SVT with aberrancy, preexcited 
tachycardias, pacemaker-related WCT, or WCT 
associated with toxic and metabolic abnormalities.  
Prompt evaluation and management of the varied 
etiologies requires rapid assessment of hemodynamic 
stability.  The unstable patient should be treated with 
urgent electrical cardioversion.  The management of 
a stable patient is significantly facilitated by a 12-lead 
ECG and a few historical and laboratory data.  In some 
cases, a specific rhythm diagnosis may not be possible 
and patient treatment should focus on the clinical 
presentation.

Key Points

Do entertain the diagnosis of electrolyte •	
abnormalities and drug toxicities as a cause of WCT.  
The usual approach to treatment of VT or SVT with 
AVC can result in significant delays in treatment 
of underlying metabolic abnormalities (e.g., 
hyperkalemia). 
When in doubt, treat a patient with wide QRS •	
tachycardia as VT.  While the 12-lead ECG 
algorithms (Griffith, Brugada) have high degrees of 
accuracy, they are not 100% accurate in their ability 
to diagnose VT.  
Attempt to obtain a paper copy of the 12-lead ECG •	
(unless the patient is in extremis immediately on 
arrival).  Arrhythmias frequently recur.  The ability to 
compare all future tachycardias (either spontaneous 
or induced during an electrophysiologic study) with 
the index spontaneous tachycardia is invaluable in 
the long-term management of the patient; further, a 
“hard” copy allows for a more intensive review of 
the ECG and the potential to detect subtle findings 
such as AV dissociation and fusion/capture beats.
Other than metabolic derangement (electrolyte •	
abnormalities, drug toxicities), the differential 
diagnosis for a WCT includes VT, SVT with AVC, 
preexcited tachycardias, pacemaker-related WCT, 
and artifact.  Artifact can be easily excluded with a 
12-lead ECG.
Do not assume that the diagnosis of WCT in a •	

minimally symptomatic stable patient is SVT with 
AVC.  The presence (or absence) of hemodynamic 
stability has little correlation with the etiology 
of the WCT; similarly, the absence (or presence) 
of symptoms adds little to the diagnosis of the 
dysrhythmia.
There are many WCT algorithms that are available •	
in the literature that assist in distinguishing VT from 
SVT with aberrancy/preexisting bundle branch block.  
No algorithm is 100% accurate.  Thus, these decision 
rules should be used with caution.
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CME Questions

1.	 What is the most common etiology of regular 
WCTs referred to cardiac electrophysiologists?
a.	 Ventricular tachycardia
b.	 Supraventricular tachycardia with preexisting 

bundle branch block
c.	 Supraventricular tachycardia with antegrade 

conduction over accessory pathway
d.	 Atrial fibrillation with underlying bundle 

branch block/aberrancy
e.	 Pacemaker-mediated WCT

2.	 In contrast to electrophysiologists’ experience 
and conventional wisdom, what was the 
most common etiology of a WCT in a 
recent unselective, consecutive series of ED 
presentations?
a.	 Ventricular tachycardia
b.	 Supraventricular tachycardia with preexisting 

bundle branch block
c.	 Supraventricular tachycardia with antegrade 

conduction over accessory pathway
d.	 Atrial fibrillation with underlying bundle 

branch block/aberrancy
e	 Sinus tachycardia with underlying bundle 

branch block/aberrancy
3.	 In the evaluation and management of a WCT, 

which of the following etiologies can be resistant 
to DC cardioversion and tends to get missed?
a.	 Ventricular tachycardia
b.	 Supraventricular tachycardia with preexisting 

bundle branch block
c.	 Supraventricular tachycardia with antegrade 

conduction over accessory pathway
d.	 Atrial fibrillation with underlying bundle 

branch block/aberrancy
e.	 Metabolic derangement (electrolyte 

abnormalities and drug toxicities)
4.	 Which historical clue does not suggest a 

diagnosis of ventricular tachycardia?
a.	 Chest pain before arrhythmia
b.	 History of myocardial infarction
c.	 History of coronary stent placement 6 months 

ago
d.	 History of CHF
e.	 Patient has had an intracardiac defibrillator 

placed

5.	 Which of the following physical examination 
clues provides the least assistance in the 
diagnosis of the WCT?
a.	 The presence of irregular cannon “a” waves in 

the jugular venous pulse
b.	 Auscultation of variable intensities of the first 

heart sound (S1)
c.	 The presence of an AV fistula in the arm
d.	 The presence of a midline thoracotomy scar
e.	 The palpation of an implanted device in the 

subcutaneous tissue of the left upper thorax
6.	 Which of the following laboratory tests 

provides the most useful information in the 
most expeditious manner in the evaluation and 
management of a patient with WCT?
a.	 Troponin
b.	 BNP
c.	 Comprehensive chemistry panel (including 

LFTs)
d.	 CBC
e.	 Venous or arterial blood gas with electrolytes 

(especially potassium)
7.	 The Griffith algorithm incorporates the following 

sequence of steps in the evaluation of a regular 
WCT in a stable patient.
a.	 Check for AV dissociation, then QRS 

morphology, then QRS axis
b.	 Check for AV dissociation, then QRS axis, then 

QRS morphology
c.	 Check for QRS morphology, then AV 

dissociation, then QRS axis
d.	 Check for QRS morphology, then QRS axis, then 

AV dissociation
e.	 Check for QRS axis, then QRS morphology, then 

AV dissociation
8.	 During your analysis of a 12-lead ECG of a 

patient with WCT, you make the following 
observations: a rate of 185, left axis deviation, all 
the QRS complexes in the precordial leads are 
positive, and no visible P waves on the ECG.  The 
diagnosis is: 
a.	 SVT with aberrancy
b.	 SVT with antegrade conduction over accessory 

pathway
c.	 Ventricular tachycardia
d.	 Hyperkalemia

9.	 During your analysis of a 12-lead ECG of a 
patient with WCT, you make the following 
observations: a rate of 200, left axis deviation, 
QRS duration of 140 ms, and no visible P waves 
on the ECG.  The diagnosis is:
a.	 SVT with preexisting bundle branch block.
b.	 SVT with antegrade conduction over accessory 

pathway.
c.	 Ventricular tachycardia.
d.	 Hyperkalemia.
e.	 Cannot make diagnosis just yet.  Apply the 

Griffith algorithm to the 12-lead ECG to 
evaluate the QRS morphology.  
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10.	During your analysis of a 12-lead ECG of a patient 
with WCT, you make the following observations: 
a rate of 156, left axis, and the QRS complex in 
V1 is predominantly positive (Figure 18).  You 
obtain a 12-lead rhythm strip, and you think that 
there is one P wave for every QRS complex.  The 
patient is symptomatic with moderate sensation of 
palpitations.  He has no prior medical history.  His 
BP is 120/75 and he has normal mental status and 
physical examination. You should do which of the 
following?
a.	 Retrieve an old ECG
b.	 Vagal maneuvers to treat SVT with BBB
c.	 Adenosine to treat SVT
d.	 Adenosine to distinguish SVT from VT
e.	 Procainamide to treat VT


