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Tachycardia
The recognition, diagnosis, and treatment of tachycardia is a cornerstone of 

emergency medicine practice. All patients presenting to the emergency depart-
ment (ED) will have vital signs taken, and every chart showing an elevated heart 
rate requires an investigation into its cause. Tachycardia is defined as any heart rate 
greater than 100 beats per minute (bpm) in an adult. It can be a normal response 
to physiologic or external stressors (i.e., dehydration or pain) or a pathologic 
occurrence that requires emergent care. Because of the wide range of presentations 
and causes, a mastery of the diagnosis and treatment of tachycardia should be con-
sidered a core competency within the field of emergency medicine.

This article will cover the most commonly seen supraventricular and ventric-
ular tachycardias encountered in the ED, with a focus on their electrocardio-
graphic (ECG) diagnoses and treatment options. Supraventricular tachycardias 
(SVT) are broadly divided into six major categories: sinus tachycardia (ST), 
atrial fibrillation (AF), atrial flutter (AFL), multifocal atrial tachycardia 
(MAT), atrioventricular reentrant tachycardia (AVRT), and atrioventricular 
nodal reentrant tachycardia (AVNRT). Ventricular tachycardias primarily con-
sist of ventricular tachycardia (VT), which can be classified further as either 
monomorphic or polymorphic.  

Supraventricular Tachycardias
Tachyarrhythmias originating from the atria include ST, MAT, AF, AFL, 

and SVT. They can be classified further by whether they create a rhythm that is 
regular or irregular. (See Table 1.) 

Sinus Tachycardia 

ST generally is a result of an extrinsic cause, such as exercise, catecholamine 
surge, fever, stress, dehydration, or iatrogenic due to certain pharmacotherapies. 
Treatments are tailored to the underlying cause and can include oxygen, pain 
control, intravenous (IV) fluids, anxiolytics, and antipyretics. If a sinus tachy-
cardia does not resolve with these measures, further investigation of an alterna-
tive cause should be pursued. 

ST is recognized on ECG as a regular, rapid rhythm. As in normal sinus 
rhythm (NSR), there should be a P wave before every QRS complex, and a 
QRS complex should follow every P wave. P waves should be upright in leads I 
and II and inverted in lead aVR. Because emergency physicians are very famil-
iar with sinus tachycardia, this topic will not be covered in greater detail in this 
article.

Multifocal Atrial Tachycardia 

MAT, also referred to as ectopic atrial tachycardia,1 is caused by a variety 
of ectopic electrical outputs occurring within the atria. (See Figure 1.) The 



246     Emergency Medicine Reports / November 1, 2017  AHCMedia.com

EXECUTIVE SUMMARY
 z In unstable patients, tachycardias are best treated with syn-

chronized electrical cardioversion to prevent deterioration 
into cardiac arrest.

 z Multifocal atrial tachycardia is seen most often in chronic 
obstructive pulmonary disease exacerbations and is managed 
by treating the underlying condition.

 z In stable patients, atrial fibrillation with rapid ventricular 
response is treated first with rate-control agents using calcium 
channel blockers or beta-blockers.

 z In stable patients with ventricular tachycardia, procainamide 
is the most effective antiarrhythmic agent.

 z Electrical defibrillation is used to treat cardiac arrest patients 
who are in ventricular tachycardia.

 z Intravenous magnesium is used to treat and prevent episodes 
of torsades de pointes arrhythmias.

diagnosis is based on ECG identifica-
tion of: 

1) heart rate > 100 bpm;
2) irregularly irregular rhythm with 

varying PR and RR intervals; and 
3) at least three different P wave mor-

phologies in a single lead.
To diagnose MAT, examine a single 

lead in its entirety to evaluate for dif-
fering P wave morphologies. It is 
important to remember that it can be 
normal for P wave morphology to differ 
between leads.1 

MAT is seen almost exclusively in 
patients with a diagnosis of chronic 
obstructive pulmonary disease (COPD). 
Often MAT can be triggered by an exac-
erbation of the disease.2 In hospitalized 
COPD patients, MAT is considered 
an ominous sign, particularly when the 
patient is on mechanical ventilation.2 

MAT also can be found in the out-
patient setting among patients who 
are asymptomatic. When not associ-
ated with an acute illness, MAT does 
not share the same bleak prognosis as 
it does in the patient one might see in 
respiratory distress in the ED.3 

MAT is seen most often in adults 
and occasionally in children.4,5 MAT is 
even less common in infants, compris-
ing less than 1% of all SVT in this age 
group.5 In pediatric patients, consider 
drug toxicities as the most likely cause 
instead of chronic lung disease. There 
are case reports of MAT being caused 
by epinephrine4 and antipsychotics, such 
as risperidone.5,6 The long-term prog-
nosis will vary based on the underlying 
cause, and MAT usually will terminate 
without intervention when due to medi-
cation overdose.4,5,6 

MAT can be thought of as a sign 
of stress to the heart. Unlike other 

arrhythmias, it is not thought to origi-
nate from an intrinsic electrical prob-
lem; therefore, the treatment approach 
is to address the underlying cause 
rather than the tachyarrhythmia itself. 
If the tachycardia causes clinically 
significant symptoms or the rhythm 
is persistent, then β1-blockers or 
calcium channel blockers are consid-
ered a reasonable first-line treatment. 
Other options include magnesium and 
digoxin. AV junction-altering medica-
tions generally are used to control the 
ventricular rate and decrease symp-
toms in patients in whom treating 
the underlying cause is not feasible or 
effective.2 

Atrial Fibrillation and Atrial Flutter

AF and AFL, although different in 
mechanism, overlap in management and 
will be discussed together. 

AF is the most common sustained 
tachyarrhythmia seen in the ED. It is a 
supraventricular tachycardia with cha-
otic activation of the atria, resulting in 
contractional dyscoordination and inef-
fective contribution of the atria to car-
diac output.7 During AF, cardiac output 
typically decreases by 20% to 30%.8 

There is significant morbidity and 
mortality related to AF that, if under-
managed, can affect the patient’s quality 
of life. The most common presenting 
symptom is fatigue; however, patients 
also may complain of lightheadedness, 
palpitations, shortness of breath, or 
chest pain. AF is most often a disease 
seen in the elderly. Of those with atrial 
fibrillation, about 2% are 40 to 60 years 
of age, about 6% are between 60 and 
65 years, about 70% are between 65 
and 85 years of age, and about 22% are 
older than 85 years of age. AF often is 
associated with structural heart disease, 
including both ischemic and non-isch-
emic cardiomyopathy.7 

An important clinical concern is the 
stroke risk associated with untreated or 
undertreated AF. A person with AF has 
five times the risk of stroke as a person 
without AF, with this risk compounding 
with age. A patient with a valvular AF 
has an even greater risk, estimated to 
be up to 20 times that of those without 
AF.7 

There is a dearth of literature 
regarding the safe disposition of atrial 
fibrillation patients who present to 
the ED. A general rule is that patients 

Table 1. Supraventricular Tachycardia Classification

Regular Rhythm Irregular Rhythm
Sinus tachycardia Atrial fibrillation

Atrial tachycardia Multifocal atrial tachycardia

Atrial flutter Atrial flutter with variable conduction

Atrioventricular reentrant tachycardia Sinus tachycardia with multiple 
premature atrial complexes

Atrioventricular nodal reentrant tachycardia

Additionally, any regular rhythm, when affected by a variable block, turns into an 
irregular rhythm.
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with significant comorbidities should 
be admitted for both management of 
their AF and optimization of their 
underlying pathologies. Low-risk 
patients are those who do not have 
significant vital sign abnormalities or 
confounding comorbidities, and who 
have the capability to arrange follow-
up in the next two to three days. 
These patients may be appropriate for 
discharge.11 Ideally, patients should 
receive a cardiology consultation prior 
to discharge. In situations in which 
this is not possible, following a pre-
established protocol with a mechanism 
to ensure follow-up in two to three 
days is a reasonable alternative. 

After an irregular rhythm is noted on 
exam, the diagnosis of AF ultimately is 
made with a 12-lead ECG.12 On ECG, 
look for the following: 1) the absence of 
discernable P waves; 2) an irregular RR 
interval when there is AV conduction; 
3) absence of an isoelectric baseline; and 
4) irregular atrial activation. (See Figures 
2A and 2B.) These patients always 
have an irregularly irregular rhythm. 
Although MAT also may present with 

an irregularly irregular rhythm, the lack 
of P waves in AF is diagnostic. 

As opposed to AF, AFL is an SVT 
with rapid regular atrial contraction. 
This increased rate of the atria com-
pared to the ventricles decreases the 
cardiac output, as with AF. The progno-
sis of AFL is associated with how vari-
able the conduction of the impulses is 
through the AV node and how quickly 
the ventricles are contracting. 

The mechanism of AFL involves a 
reentrant circuit that encompasses the 
right atrium and is fairly predictable in 
terms of atrial rates, with a typical rate 
of 300 bpm but ranging from 200 to 
400 bpm. The ventricular rate is deter-
mined by the degree of AV block. For 
example, a 4:1 block has a ventricular 
rate of 75 bpm; for 3:1, 100 bpm; and 
for 2:1, 150 bpm. 

In AFL, the ECG shows a nar-
row complex tachycardia with loss 
of the isoelectric baseline; however, 
P waves should be evident and show 
regular atrial activity with a rate of 
approximately 300 bpm. (See Figure 3A.) 
Classically, flutter waves are seen and 

described as creating a “saw tooth” pat-
tern. The best leads in which to visualize 
this pattern are II, III, and aVF. Flutter 
waves are oriented negatively in these 
inferior leads, so it can be helpful to flip 
the ECG paper upside down to better 
evaluate each lead for this pattern. AFL 
with a 1:1 block presents a more dif-
ficult challenge on ECG, as there may 
be no discernable flutter waves. In this 
case, transiently inducing AV block with 
vagal maneuvers or IV adenosine may 
unmask the arrhythmia. (See Figure 3B.)

Management of AF/AFL can be 
considered in five different, distinct cat-
egories: 1) acute stabilization; 2) treat-
ment of the underlying condition; 3) 
stroke prevention; 4) rate control; and 5) 
rhythm control.13 As with all patients, 
treatments for those with AF/AFL can 
be emergent, urgent, or routine.

Acutely, the first task is to assess the 
patient’s hemodynamic stability. The 
presence of hypotension, precipitously 
declining blood pressure, chest pain, 
shortness of breath, or altered mental 
status defines a patient as unstable.

Emergent

Consider a patient with lightheaded-
ness and shortness of breath in AF/
AFL at a heart rate in the 150s and a 
blood pressure of 60/40 mmHg. First, 
quickly consider if the unstable tachyar-
rhythmia is secondary to another treat-
able cause, such as sepsis or dehydration, 
if these are the most likely diagnoses, 
then treat the underlying cause. 

If the etiology is not obvious or is 
considered cardiac in origin, then phar-
macologic therapy should be skipped in 
preference for electrical cardioversion. 
Direct current (DC) cardioversion is 
performed by the delivery of an electric 
shock starting at 100 J with the defibril-
lator after placing it in “synchronized” 
mode and ensuring that the shock is 
synchronized with the peak of the QRS 
complex. Biphasic shocks are more 
effective than monophasic shocks, and 
the anteroposterior positioning of the 
pads is superior to the anterolateral 
positioning. If cardioversion is unsuc-
cessful initially, it is reasonable to 
administer an antiarrhythmic medica-
tion and attempt cardioversion again, 
as the dual action of these therapies can 
increase the efficacy of the subsequent 

Figure 1. Multifocal Atrial Tachycardia

Lead II, P waves with at least three different morphologies
Image courtesy of J. Stephan Stapczynski, MD

Figure 2A. Atrial Fibrillation

Figure 2B. Atrial Fibrillation

Lead V1, atrial fibrillatory waves at rate > 300 bpm
Image courtesy of J. Stephan Stapczynski, MD

Lead II, no consistent P waves and irregular ventricular response
Image courtesy of J. Stephan Stapczynski, MD
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shock.7 The role of cardioversion in the 
ED is primarily for unstable patients to 
prevent total hemodynamic collapse. 

Routine

Stable patients, regardless of heart 
rate, require a more nuanced approach 
to management. Cardioversion is 
not the first-line treatment, and 
pharmacologic agents are preferred. 
Pharmacologic strategies are divided 
into either rate or rhythm control 
depending on the length of time the 
patient has been in AF/AFL. 

Urgent

The symptomatic patient in AF/
AFL who has a stable blood pressure 
still requires urgent attention to prevent 
decompensation. As in emergent cases, 
first consider the etiology and treat the 
underlying condition appropriately. 
Treat any fever if present, give IV fluids 
for dehydration, administer blood prod-
ucts for significant anemia, and admin-
ister broad-spectrum antibiotics for 
sepsis. However, if the etiology is car-
diogenic in nature, then pharmacologic 
rate control becomes the initial strategy 
of choice. Options for rate control 
include beta-blockers, non-dihydropyr-
idine calcium channel blockers, digoxin, 
or, in resistant cases, amiodarone. 

The therapeutic goals for ventricular 
rate control generally are < 80 bpm at rest 
and < 110 bpm with exertion, but there is 
a more lenient goal of < 110 bpm used in 
acute ED management.12 This is based on 
the findings that lower ventricular rates, 
particularly < 70 bpm, may be associated 
with worse outcomes in AF.7  

The use of beta-blockers vs. calcium 
channel blockers for acute rate control 
of AF has been a matter of debate in 
recent years. Current literature suggests 
that diltiazem is the most effective, if 
only slightly. In a cohort study, Harvey 
et al retrospectively studied diltiazem vs. 

esmolol for rate control in the ED and 
found that 53% of patients achieved rate 
control to < 100 bpm in less than 30 min-
utes when treated with diltiazem, com-
pared to only 43% of those treated with 
esmolol. After 60 minutes, 76% of those 
treated with diltiazem were rate con-
trolled, compared to 50% with esmolol.14 

Fromm et al conducted an additional 
prospective study evaluating diltiazem 
vs. metoprolol using a convenience 
sample and found that after 10 minutes 
and 30 minutes, 50% and 95% of those 
treated with diltiazem reached a goal 
heart rate of < 100 bpm, compared to 
only 11% and 46% of those treated with 
metoprolol. There was no difference 
in the number of adverse outcomes, 
including episodes of bradycardia and 
hypotension, between the two groups.15 

However, the use of beta-blockers can 
be beneficial, especially if the patient has 
a history of heart failure with a reduced 
ejection fraction (HFrEF). In patients 
with HFrEF, beta-blockers are recom-
mended for daily maintenance therapy. 
A large, randomized, controlled trial 
showed decreased mortality in patients 
with HFrEF treated with a beta-
blocker; however, those findings cannot 
be extrapolated to patients being treated 
with AF in the ED.15 

Digoxin, a cardiac glycoside AV 
nodal blocker, is considered the least 
effective rate-control agent overall, 
but can be a reasonable choice for the 
physically inactive patient > 80 years 
old who has failed other treatment 
options.16 Digoxin is administered as 
a 0.5 mg IV bolus, followed by 0.75-
1.5 mg over 24 hours in divided doses. 
Rate control generally takes more than 
an hour, and the peak effect occurs in 
six hours. A major drawback is that 
digoxin is ineffective at maintaining 
heart rate < 110 bpm during exertion. 

While acute stabilization is the pri-
mary focus in the ED, treatment and 
management of underlying conditions 
and/or sequelae should not be over-
looked. If the etiology of the arrhythmia 
is primarily cardiac, this may involve 
optimizing diuretics, or obtaining an 
echocardiogram to evaluate for heart 
failure or valvular abnormalities in a 
new diagnosis of AF.17 Cardiac troponin 
(cTn) measurement is not necessary 
in the evaluation of every patient who 
comes to the ED with AF; however, if 
the patient has symptoms concerning 
for a recent myocardial ischemic event, 
then cTn may be warranted. Brain 
natriuretic peptide (BNP) also can be 
useful, although levels may be increased 
in patients with AF even without any 
heart failure present. When trended, 
these levels rapidly decrease after res-
toration of sinus rhythm. In a patient 
without signs of new heart failure, the 
expense of the BNP test may outweigh 
its clinical usefulness. 

There also should be a focus on opti-
mization of the patients’ comorbidities. 
In the LEGACY study, a five-year 
follow-up of patients with AF and body 
mass index (BMI) > 27 kg/m2, long-
term weight loss was associated with 
higher maintenance of sinus rhythm. 
Researchers found that the more weight 
a patient lost, the more likely the patient 
was to remain in sinus rhythm.18 Other 
risk factors that should be addressed are 
control of hyperglycemia and hyperten-
sion by counseling on diet, exercise, and 
moderation of alcohol consumption.17 

After the AF/AFL patient has been 
stabilized, determine the duration of 
the arrhythmia. Has it been definitively 
less than 48 hours? The answer to this 
question affects the patient’s need for 
anticoagulation therapy prior to cardio-
version, whether it be pharmacologic 

Figure 3A. Atrial Flutter Figure 3B. Atrial Flutter

Lead II, inferiorly directed “saw-tooth” atrial 
flutter waves at rate about 300 bpm with 2:1 AV 
block and ventricular rate of 150 bpm
Image courtesy of J. Stephan Stapczynski, MD

Lead II, transient AV block induced by carotid sinus massage allowing visualization of atrial flutter 
waves at rate of 300 bpm
Image courtesy of J. Stephan Stapczynski, MD
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or electrical. It also influences the need 
for anticoagulation prior to discharge 
from the ED. In general, a patient who 
requires anticoagulation due to pro-
longed AF greater than 48 hours should 
be treated for at least three weeks prior 
to initiation of rhythm control tech-
niques. Exceptions to this rule are in 
emergent cardioversions for hemody-
namic instability or if an atrial throm-
bus has been ruled out in the ED with 
transesophageal echocardiogram (TEE). 

The reason for starting patients on 
anticoagulation is to mitigate future 
stroke risk by preventing thrombus 
formation in the left atrium. It is 
considered standard of care to use 
CHA2DS2-VASc and HAS-BLED as 
scoring tools to decide if anticoagulation 
therapy is appropriate. CHA2DS2-VASc 
estimates the stroke risk in a patient 
with AF, and HAS-BLED estimates 
the risk of bleeding on anticoagula-
tion.19,20,21 (See Table 2.) It is important 
to note that CHA2DS2-VASc does not 
apply if the patient’s AF is due to a val-
vular etiology. 

If the CHA2DS2-VASc score is 0, 
then the patient requires no anticoagu-
lation upon discharge. If the score is 2 
or greater, anticoagulation is indicated. 
With a score of 1, proper treatment is 
still debated. In Europe, a score of 1 
would be treated with anticoagulation; 
however, in the United States, algo-
rithms give the physician the option to 
decide to treat these patients with aspi-
rin (ASA) only or not to treat at all. 

The HAS-BLED score is used to 
determine the risk of bleeding prior to 
giving any anticoagulation treatment. 
These two scoring systems must be 
weighed against each other to deter-
mine whether to start anticoagulation. 
Interestingly, few studies have found any 
benefit in using ASA alone to prevent 
CVA in AF.7, 22 

One study found a stroke event rate 
of 0.49 per 100 person-years for patients 
with AF and a CHA2DS2-VASc of 0 
who were not anticoagulated, but this 
event rate increased to 1.55 if the score 
was 1. The study also found that warfarin 
treatment in patients with a score of 1 
decreased morbidity and mortality com-
pared to ASA alone or no treatment at 
all. The researchers also found that warfa-
rin had no increased bleeding risk com-
pared to using ASA alone.23 Additionally, 
it may be that ASA and clopidogrel 
increase the bleeding risk without any 
true benefit.24 While CHA2DS2-VASc 
gives us an algorithm for anticoagulation 
in nonvalvular AF, warfarin always is 
considered the first-line pharmacotherapy 
for anticoagulation in patients with 
mechanical heart valves. 

Every year, about 2% of patients 
with AF treated with anticoagulation 
have a major bleeding event.25 The 
major cause of such bleeds is over-
anticoagulation due to warfarin. Direct 
oral anticoagulants (DOAC) promise 
more predictable anticoagulation and 
reduced risk of bleeding. Warfarin or a 
DOAC is an appropriate first-line agent 

for stroke prevention in a patient with 
nonvalvular AF.20 Even in patients who 
have recently suffered from a transient 
ischemic attack, total bleeding risk 
from a DOAC started immediately is 
very low.26 In electrical cardioversions, 
when comparing DOAC to warfarin, 
the DOAC group was less likely to be 
subtherapeutic in anticoagulation goals 
and had decreased overall consumption 
of healthcare.27 

Despite the increasing availability of 
DOACs, suboptimal use of anticoagu-
lants for CVA prophylaxis in discharged 
AF patients remains a persistent chal-
lenge.28 If a patient is unable to maintain 
a therapeutic INR (between 2 and 3) 
on warfarin, then the 2014 American 
Heart Association (AHA) guidelines 
recommend switching the patient to a 
DOAC as a class 1C recommendation. 
The disadvantages of DOACs compared 
to warfarin are the twice-daily dosing of 
DOACs (except rivaroxaban) as well as 
their higher out-of-pocket cost for pre-
scriptions. In a patient younger than 75 
years of age with normal renal clearance, 
consider starting a DOAC instead of 
warfarin before discharge from the ED.29

For patients with AF who have 
had symptoms for less than 48 hours, 
rhythm control can be done using elec-
trical or pharmacologic cardioversion.30 
Pharmacologic options for rhythm 
conversion include dronedarone, amio-
darone, flecainide, propafenone, and 
sotalol. In direct comparison studies, 
amiodarone is the most effective anti-
arrhythmic for maintaining a normal 
sinus rhythm7; however, it has multiple 
adverse outcomes, including bradycar-
dia, QT prolongation, as well as effects 
on the thyroid, liver, lungs, blood vessels, 
and skin. Another option is flecainide, 
a class 1C antiarrhythmic and negative 
inotrope. It can increase mortality in 
patients with prior myocardial infarc-
tion with persistent left ventricular 
dysfunction. 

Dronedarone, another class III anti-
arrhythmic like amiodarone, is less 
effective at rhythm control but without 
as many of the adverse effects of amio-
darone. In 2014, a retrospective cohort 
study showed that, if taken daily for 
rhythm management in the outpatient 
setting, dronedarone decreased hospi-
tal admissions by 40% and ED visits 

Table 2. CHA2DS2-VASc and HAS-BLED Scoring Systems

CHA2DS2-VASc HAS-BLED
Congestive heart failure 1 Hypertension 1

Hypertension 1 Abnormal renal function  
(Cr > 2.26 mg/dL)

1

Age ≥ 75 years 2 Abnormal liver function (cirrhosis or 
bilirubin > 2x normal with AST/ALT/AP  
> 3x normal

1

Age 65-74 years 1 Stroke 1

Diabetes mellitus 1 Bleeding tendency/predisposition 1

Stroke/transient ischemic 
attack/thromboembolism

2 Labile INRs (if on warfarin) — time in 
therapeutic range < 60%

1

Vascular disease 1 Elderly (age > 65 years) 1

Sex (female) 1 Drugs/alcohol 1 each

Total Possible 9 Total Possible 9
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by 30-45%.31 Similar to flecainide, 
propafenone’s negative inotropic prop-
erties require caution in post-myocar-
dial infarction patients. Current data 
suggest that rhythm control does not 
affect survival overall in AF,7 whereas 
rate control does.

Electrical cardioversion also can 
be used for rhythm control in stable 
patients. There is an association between 
ED electrocardioversion and perceived 
ED effectiveness by patients receiving 
this modality; however, no associa-
tion was found between this mode of 
treatment and a 30-day quality of life 
score.32 

Pharmacologic rhythm control espe-
cially has adverse effects in acutely ill 
patients. Sheuermeyer et al found that 
in patients with a severe underlying 
medical condition (especially sepsis and 
HFrEF exacerbation) who presented 
with symptoms for less than 48 hours, 
41% of patients with attempted rhythm 
control had an adverse effect such as 
hypotension or bradycardia requiring 
an intervention vs. 0.01% of those in 
that same group who were not given an 
antiarrhythmic.33 

Cardiac ablation is becoming a tool 
that can be used earlier in a patient’s care 
for definitive treatment. The goal with 
ablation is to eliminate the arrhythmo-
genic foci. Ablation generally is indicated 
in patients who are anticoagulated and 
continue to have symptomatic occur-
rences despite appropriate pharmaco-
therapy. It can be considered first-line 
in patients who have symptomatic, par-
oxysmal AF.13 The argument for earlier 
consideration is that “AF begets AF,”7 
meaning that atrial fibrillation often is 
progressive if untreated, and paroxysmal 
AF invariably will transition to per-
manent AF. This risk of progression is 
thought to be related to the time spent in 
AF. It seems that younger patients ben-
efit more from ablation overall, but it can 
be effective in select older individuals. 

Atrioventricular Nodal Reentrant 
Tachycardia and Atrioventricular 
Reentrant Tachycardia

SVT is a general term that describes 
any tachycardia originating from above 
the bundle of His. This would include 
atrial tachycardia, sinus tachycardia, AF, 
AFL, as well as AVNRT and AVRT. 

The term paroxysmal supraventricular 
tachycardia (PSVT) often is used inter-
changeably with AVNRT.  

AVNRT and AVRT are both regular, 
narrow-complex rhythms and involve 
some reentrant pathway that is their 
foundation to produce tachycardia. (See 
Figure 4.) The anatomical difference is 
that with AVRT there is a myocardial 
strand that creates an electrical bridge 
between the atrium and the ventricle.34 
Most commonly this structural dif-
ference is called the “bundle of Kent” 
as part of the Wolff-Parkinson-White 
(WPW) syndrome. On the other hand, 
AVNRT involves a reentrant circuit 
that is housed within the AV node. This 
circuit generally involves two pathways: 
a fast pathway (usually anterograde) and 
a slow pathway (usually retrograde). It is 
important to differentiate between the 
two terms because knowing if the AV 
node is the primary culprit will predict 
whether an AV-blocking agent is going 
to be effective.35 

Palpitations are the most common 
symptom described by patients with 
AVNRT.35 Lightheadedness is a com-
mon symptom as well, but patients 
with AVNRT only very rarely present 
after a true syncope. Patients also may 
describe a sensation of “shirt flapping” 
or “neck pounding” when their symp-
toms begin.35 AVNRT is paroxysmal 
in nature, but also can be brought on 
by factors such as amphetamine use, 
alcohol or caffeine consumption, heavy 
exercise, or beta-blocker use. Women 
are affected more than men at a ratio of 
approximately 3:1. The age at onset is 32 
± 18 years.35 

The hallmark for diagnosis of 
AVNRT on ECG is the recognition 
of a narrow-complex tachyarrhythmia. 
Commonly, P waves are not visible. If 
seen, they are conducted in a retrograde 

fashion and will be inverted in leads II, 
III, and aVF. 

WPW syndrome refers to the ECG 
appearance during sinus rhythm, and 
provides the most common anatomical 
substrate for AVRT. The WPW pattern 
during sinus rhythm shows delta waves, 
slurring of the QRS upstroke indicative 
of ventricular pre-excitation, a short-
ened PR interval, and QRS prolonga-
tion.36 (See Figure 5.) During AVRT, 
there can be ST and T wave changes 
discordant with the QRS complex 
orientation.  

AVRT can lead to wide QRS com-
plexes if there is antidromic conduc-
tion (if the ventricles are depolarized 
by the accessory pathway), resulting 
in a wide-complex tachyarrhythmia 
that can be confused with VT. While 
these two entities can be difficult to 
differentiate on an ECG, the safest 
approach is to treat any unstable, wide-
complex tachyarrhythmia as ventricular 
tachycardia. 

Treatment of AVNRT and AVRT 
initially is the same. In the stable 
patient, use vagal maneuvers first. There 
are many techniques for this, such as 
asking the patient to bear down as if 
having a bowel movement or having 
the patient blow into a 5-cc syringe. 
These techniques work by increas-
ing the intrathoracic pressure, causing 
stimulation of the baroreceptors in the 
carotid bodies and aortic arch, in turn 
causing vagal stimulation and activation 
of the parasympathetic (vagal) nervous 
system.37 Ocular pressure and carotid 
massage have fallen out of favor because 
of adverse effects.38 More recently, 
handstands have been described as a 
technique to achieve the same goal in 
pediatric patients.39 

In 2015, the REVERT trial pro-
posed a postural modification of the 

Figure 4. Supraventricular Tachycardia

Lead II, narrow QRS complex tachycardia at rate of 184 without discernible P waves
Image courtesy of J. Stephan Stapczynski, MD
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standard Valsalva to increase efficacy. 
In this study, the researchers compared 
the standard Valsalva to a modified 
Valsalva: starting patients in the semi-
recumbent position, then having them 
bear down and then laying them flat 
and performing a passive leg raise. The 
authors found that the standard Valsalva 
technique converted 17% of patients 
with SVT to sinus rhythm, whereas 
the modified Valsalva converted 43%.40 
It may be reasonable to start attempt-
ing this technique on patients who 
come into the ED with SVT if they are 
hemodynamically stable prior to trial of 
pharmacologic interventions. 

If vagal maneuvers prove ineffec-
tive, second-line treatments include 
adenosine and diltiazem. Currently, 
adenosine is the preferred drug for 
SVTs that present to the ED and do 
not resolve with vagal maneuvers. The 
most common side effect of adenosine 
is described by patients as a feeling 
that they are “going to die.” Patients 
may have this feeling for up to one 
to two minutes after receiving the 
drug. Adenosine has a short half-life 
and rare adverse effects.41 It is both a 
therapeutic and diagnostic agent. By 
causing a temporary AV block and 
slowing the rhythm, the true dysrhyth-
mia (such as AF or AVRT) can be 
seen more clearly and diagnosed more 
accurately. In ACLS, the standard 
algorithm is to first give a 6 mg dose, 
followed by a 12 mg push (if needed), 

which can be repeated one additional 
time. Adenosine is given as a fast IV 
push through a peripheral IV fol-
lowed by a saline flush and raising the 
patient’s arm in the air. 

Although the FDA-approved pre-
scribing information for adenosine only 
includes three doses and up to 12 mg at 
a time, 18 mg boluses reportedly have 
been used safely, and higher initial doses 
often are needed in children (150 mcg/
kg to 250 mcg/kg), with most requir-
ing more than one dose for effective 
conversion.35,42 There are case reports 
of doses up to 36 mg being used for 
cardioversion, but these doses should 
not be attempted without cardiology 
consultation.43 

In patients who fail vagal maneuvers 
and adenosine and remain hemody-
namically stable, it is reasonable to try a 
calcium channel blocker or beta-blocker. 
Calcium channel blockers are consid-
ered more efficacious. Verapamil 1 mg/
minute up to a maximum dose of 20 
mg or diltiazem 2.5 mg/minute up to 
a maximum of 50 mg can be used with 
approximately 98% conversion rate. The 
potential side effects of calcium chan-
nel blockers include hypotension and 
bradycardia. Adenosine still is preferred 
since these drugs last much longer in 
the system than adenosine.44

In 2015, Dogan et al retrospec-
tively investigated the effectiveness of 
adenosine vs. diltiazem. The results were 
surprising; 60% of patients converted 

back to normal sinus rhythm after the 
first 6 mg dose of adenosine, 65% after 
the second adenosine dose (12 mg), and 
72% after the third adenosine dose (12 
mg), compared to 95% of patients who 
received diltiazem (given 0.25 mg/kg 
IV over two minutes with a second dose 
at 0.35 mg/kg). Additionally, if diltia-
zem was given after a failed adenosine 
attempt, then the rate of success was 
97%.34 These data suggest that there is 
benefit in including diltiazem in the ini-
tial treatment strategy, especially when 
the rhythm is refractory to conversion 
with adenosine. 

In patients with paroxysmal symp-
toms, outpatient beta-blockers, diltia-
zem, or verapamil may be appropriate 
if there is no evidence of pre-excitation 
on ECG. According to the 2015 
American College of Cardiology/AHA/
Heart Rhythm Society guidelines for 
management of adults with SVT, vagal 
maneuvers, adenosine, and synchronized 
cardioversion have class I recommen-
dations for treatment, while calcium 
channel blockers and beta-blockers have 
class IIa recommendations for acute 
management of SVT.35

If all of the pharmacologic methods 
have failed, synchronized cardiover-
sion then can be performed even in 
the hemodynamically stable patient 
to prevent further strain on the heart. 
For AVRT-WPW, catheter ablation is 
considered the ultimate treatment of 
choice.45 

Ventricular Tachycardias
By definition, VTs have a rate over 

100 bpm and a QRS duration greater 
than 0.1-0.12 ms in adults.46 (See Figure 
6.) VT can be classified as monomor-
phic or polymorphic. Monomorphic 
VT has long been thought to be more 
common; however, more recently, this 
was found to be true only in certain set-
tings, such as in the CCU and the cath-
eterization lab, and did not necessarily 
hold true in the ED.46 Monomorphic 
VT originates from one focus in a 
ventricle as opposed to several foci as 
with polymorphic VT. Monomorphic 
and polymorphic VT can be caused by 
myocardial ischemia as well as dilated 
cardiomyopathy or hypertrophy and 
their subsequent changes to the myocar-
dial architecture.47 Monomorphic VT is 

Figure 5. Wolff-Parkinson-White Syndrome

12-lead ECG showing delta wave and short PR interval
Image courtesy of J. Stephan Stapczynski, MD
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more commonly from long-term struc-
tural abnormalities such as congestive 
heart failure and fibrous changes within 
the ventricles. These complexes are all 
uniform and are more likely to have 
signs of AV dissociation such as capture 
beats and fusion complexes.46 

Patients with new-onset, non-
ischemic cardiomyopathy with LVEF 
< 35% have an especially high risk 
of VT and VF during the initiation 
and optimization of their medication 
therapy.47 There have been reports of 
exercise- (catecholamine) triggered 
ventricular arrhythmias in children, 
but these have an unclear etiology and 
significance. Patients may present with 
chest pain, palpitations, shortness of 
breath, syncope, seizures, or in cardiac 
arrest. Remember to obtain an ECG 
in the seizure patient, as seizure-like 
activity can be due to cerebral hypoxia 
from an arrhythmia and would not be 
cured by antiepileptic medications.48 
In a 2017 demographic review by 
Gillis, the incidence of VT and sudden 
death were lower in women than in 
men. Women also were more likely to 
benefit from an ICD but, interestingly, 
were referred less frequently than men 
for ICD placement.49

Monomorphic VT usually is seen 
when a circuit around a region of scar 
tissue is present, except in one rare sub-
type found in structurally normal hearts. 
This rare subtype originates from the 
right ventricular outflow tract. It can be 
identified by a left bundle branch block 
pattern with tall R waves in the inferior 
leads on ECG. Generally, this type of 
VT does not result in hemodynamic 
decompensation as does traditional VT, 
thus its ECG characteristics can be 
reassuring. Nevertheless, if the identi-
fication is at all unclear or the patient’s 
condition is waning, choose traditional 
VT treatment. 

Polymorphic VT encompasses tor-
sades de pointes (TdP) and a bidirec-
tional subtype. Polymorphic VTs are 
driven by ischemia and are associated 
with frequent ectopic ventricular beats 
and an R on T phenomenon. However, 
TdP can be thought of as a distinct 
entity that is highly affected by electro-
lyte concentrations. The best treatment 
for this arrhythmia is to re-perfuse the 
heart. In the case of TdP, electrolyte 
abnormalities also should be corrected 
immediately. Following successful per-
cutaneous coronary intervention, the 
arrhythmia usually will resolve.50 

Differentiating ECG diagnosis of 
wide-complex tachycardias from VT 
vs. an SVT with aberrancy has long 
been a challenge of the ED provider. A 
wide-complex tachycardia presents three 
potential diagnoses: 1) VT; 2) SVT with 
either a right or left bundle branch block; 
or 3) SVT (including AF) with ventricu-
lar activation uniformly via a bypass tract, 
as in WPW syndrome. The most critical 
step in diagnosis is determining whether 
the rhythm on the ECG is SVT or VT. 
This determination is essential for safe 
treatment, as an AV-nodal blocking agent 
will terminate many SVTs but has the 
potential to cause serious harm if given 
in the setting of VT. In stable patients, 
many algorithms have been employed 
to attempt differentiation of these enti-
ties. Examples include the Brugada51 and 
Vereckei52 algorithms. Although both 
of these show very good specificity for 
VT and thus may be helpful if they are 
able to confirm SVT with aberrancy, 
neither demonstrates good sensitivity. 
Several newer algorithms also have been 
proposed; however, in a study comparing 
many of these head to head, none were 
found to have significant sensitivity to be 
used confidently in clinical practice.53

Since it is not completely possible 
to rule out SVT with aberrancy in a 

wide-complex tachycardia, and assum-
ing this incorrectly could result in seri-
ous consequences, when in doubt, all 
wide-complex tachycardias should be 
treated as VT.

In an unstable patient who still has a 
pulse, the treatment is very straightfor-
ward: Treat with DC cardioversion. The 
pulseless VT patient is treated accord-
ing to ACLS guidelines with immediate 
defibrillation. Following successful car-
dioversion, an amiodarone drip should 
be considered to maintain sinus rhythm, 
and the patient should be admitted to 
the hospital.50 

The treatment of stable monomorphic 
VT is controversial. The most effective 
treatment is certainly DC cardiover-
sion; however, in stable patients, there 
are several antiarrhythmic medications 
that can be tried. These include procain-
amide, amiodarone, lidocaine, ajmaline, 
sotalol, propafenone, and flecainide. A 
randomized, open-label study com-
paring procainamide and amiodarone 
showed that procainamide terminated 
57% of VT and amiodarone only 38%, 
with procainamide overall being associ-
ated with less adverse events.54 Another 
retrospective cohort study comparing 
amiodarone and procainamide showed 
25% termination with amiodarone and 
35% with procainamide; however, in 
this study, the difference between the 
two was not statistically significant.55 

Lidocaine, once a mainstay antiar-
rhythmic, has fallen out of favor in the 
treatment of VT with preserved ejec-
tion fraction.56 Although it is superior 
at terminating ongoing VT in the set-
ting of ongoing myocardial infarction, 
lidocaine has not shown any mortality 
benefit. In a 2015 systematic review of 
antiarrhythmic therapies, procainamide, 
ajmaline, and sotalol all were shown to 
be superior to lidocaine in terminating 
monomorphic VT. In the same study, 
amiodarone and procainamide were 
equally effective.57 

Sotalol is another option for control 
of VT. It has been shown to convert 
patients out of 60% of all tachyar-
rhythmias, although effectiveness was 
higher in AVRT than in VT. An extra 
15% were converted after propafenone 
was added to sotalol.58 Sotalol does 
cause modest QT interval prolon-
gation, and efforts should be made 

Figure 6. Ventricular Tachycardia

Lead II, monomorphic ventricular tachycardia at rate of 142
Image courtesy of J. Stephan Stapczynski, MD
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to avoid concomitant use of other 
QT-prolonging medications. 

Flecainide works by directly sup-
pressing the calcium release from the 
sarcoplasmic reticulum in cardiac 
cells. Without the calcium efflux, 
catecholamine-triggered VT is blocked. 
Flecainide plus a beta-blocker for treat-
ment can significantly decrease ventric-
ular ectopy during exercise compared to 
just a beta-blocker in outpatient man-
agement.59 The decision about which 
agent to give can be made in conjunc-
tion with a cardiologist. When expert 
consultation is not available, and based 
on these studies, procainamide pres-
ents a better choice and has less risk of 
adverse effects, particularly if the wide 
complex tachycardia is due to WPW.

TdP is a form of polymorphic VT 
that requires pre-existing prolonged 
QT interval and sinusoidal variation in 
QRS complex direction and amplitude 
during the tachycardia. (See Figure 7.) 
Generally, it is initiated when a PVC 
occurs at the same time as the ventricles 
are repolarizing (on the T wave). This 
is the “R on T phenomenon.” TdP usu-
ally is short-lived and resolves on its 
own after several seconds; however, it 
does have a high risk to decompensate 
into VF. First-line treatment for TdP 
is a magnesium infusion. It also can be 
treated with isoproterenol or overdrive 
pacing.50 When VT is present, inves-
tigate for electrolyte abnormalities. 
Potassium, magnesium, and calcium 
often are culprits in the evolution and 
maintenance of arrhythmias. 

VT storm refers to a condition in 
which a patient has more than three 
episodes of sustained VT lasting longer 
than two to four hours each requiring 
an intervention to regain NSR. These 
patients need very close monitoring and 
often require more invasive therapies, 

such as an intra-aortic balloon pump or 
a left ventricular assist device. In these 
patients, maintain a low threshold to 
induce anesthesia to help decrease their 
sympathetic tone.50 

Conclusion
Tachycardia is a common and poten-

tially life-threatening finding in the ED. 
As such, having a systematic approach 
to the diagnosis and treatment of tachy-
cardia is a mainstay of emergency medi-
cine practice. Treatment of all unstable 
tachyarrhythmias requires prompt rec-
ognition and initiation of ACLS guide-
lines, whereas stable patients require a 
more nuanced approach to tailor thera-
pies based on their ECG findings.  

In addition to the acute management 
of these patients, it also is important 
to consider long-term management, as 
these arrhythmias often are diagnosed 
first in the ED. Decisions regarding rate 
vs. rhythm control, stroke risk mitiga-
tion, and lifestyle counseling all will 
have a significant impact on the health 
of these patients.  
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CME/CE Questions

1. Which ECG characteristic is essen-
tial for the diagnosis of multifocal 
atrial tachycardia?
a. Regular rhythm
b. QRS > 200 ms
c. The presence of at least three dif-

ferent P wave morphologies 
d. P wave height greater than three 

small boxes
2. A patient comes in with atrial 

fibrillation with rapid ventricular 
response and is becoming increas-
ingly hypotensive with waning men-
tal status. A pulse is still present. 
What is the appropriate treatment?

a. Defibrillation
b. Amiodarone
c. Metoprolol
d. Synchronized cardioversion 

3. What is the likely ventricular rate in 
a patient with atrial flutter and a 2:1 
block?
a. 150 bpm
b. 100 bpm
c. 75 bpm
d. 300 bpm

4. You are planning to discharge a 
patient with AF on an anticoagulant 
to decrease his risk of stroke. He 
has a CrCl of 25. What is the best 
choice for anticoagulation?
a. Warfarin 
b. Dabigatran
c. Apixaban
d. Rivaroxaban

5. The best leads to view atrial flutter’s 
classic “saw tooth” waves in are:
a. anterior leads.
b. septal leads.
c. inferior leads.
d. lead aVR.

6. When performing synchronized 
cardioversion, it is important to set 
the synchronizer to which part of 
the ECG?
a. Peak of the P wave
b. Beginning of the QRS complex
c. Peak of the QRS complex
d. Peak of the T wave

7. A patient presents in SVT, with 
lightheadedness and palpitations. 
The patient has a stable blood pres-
sure but his heart rate is 170 bpm. 
You want to try vagal maneuvers on 
this patient. What is the best tech-
nique to try?
a. Place firm pressure in both ocu-

lar areas.
b. Press firmly on the abdomen 

while the patient exhales.

c. Have the patient hyperventilate 
for 30 seconds.

d. Have the patient recline in a 
semi-recumbent position. While 
the patient bears down, place 
him in a supine position and 
perform a passive leg raise. 

8. You notice an abnormal pattern on 
a patient’s ECG in which there are 
wide QRS complexes that oscillate 
between periods of large amplitudes 
and small amplitudes. They remain 
stable. What is the medication of 
choice to give first?
a. Amiodarone
b. Magnesium 
c. Epinephrine
d. Metoprolol
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Tachycardia

Supraventricular Tachycardia Classification

Regular Rhythm Irregular Rhythm
Sinus tachycardia Atrial � brillation

Atrial tachycardia Multifocal atrial tachycardia

Atrial � utter Atrial � utter with variable conduction

Atrioventricular reentrant tachycardia Sinus tachycardia with multiple 
premature atrial complexes

Atrioventricular nodal reentrant tachycardia

Additionally, any regular rhythm, when a� ected by a variable block, turns into an 
irregular rhythm.

Lead II, P waves with at least three di� erent morphologies
Image courtesy of J. Stephan Stapczynski, MD

Multifocal Atrial Tachycardia

Atrial Fibrillation

Lead V1, atrial � brillatory waves at rate > 300 bpm
Image courtesy of J. Stephan Stapczynski, MD

Atrial Fibrillation

Lead II, no consistent P waves and irregular ventricular response
Image courtesy of J. Stephan Stapczynski, MD

CHA2DS2-VASc and HAS-BLED Scoring Systems

Atrial Flutter

CHA2DS2-VASc HAS-BLED
Congestive heart failure 1 Hypertension 1

Hypertension 1 Abnormal renal function 
(Cr > 2.26 mg/dL)

1

Age ≥ 75 years 2 Abnormal liver function (cirrhosis or 
bilirubin > 2x normal with AST/ALT/AP 
> 3x normal

1

Age 65-74 years 1 Stroke 1

Diabetes mellitus 1 Bleeding tendency/predisposition 1

Stroke/transient ischemic 
attack/thromboembolism

2 Labile INRs (if on warfarin) — time in 
therapeutic range < 60%

1

Vascular disease 1 Elderly (age > 65 years) 1

Sex (female) 1 Drugs/alcohol 1 each

Total Possible 9 Total Possible 9

Lead II, inferiorly directed “saw-tooth” atrial 
� utter waves at rate about 300 bpm with 2:1 AV 
block and ventricular rate of 150 bpm
Image courtesy of J. Stephan Stapczynski, MD

Atrial Flutter

Lead II, transient AV block induced by carotid sinus massage allowing visualization of atrial � utter 
waves at rate of 300 bpm
Image courtesy of J. Stephan Stapczynski, MD
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Supraventricular Tachycardia

Lead II, narrow QRS complex tachycardia at rate of 184 without discernible P waves
Image courtesy of J. Stephan Stapczynski, MD

Wolff-Parkinson-White Syndrome

12-lead ECG showing delta wave and short PR interval
Image courtesy of J. Stephan Stapczynski, MD

Ventricular Tachycardia

Lead II, monomorphic ventricular tachycardia at rate of 142
Image courtesy of J. Stephan Stapczynski, MD

Torsades de Pointes

Lead II, 16-beat run of torsades with sinusoidal variation in QRS amplitude and direction triggered 
by PVC
Image courtesy of J. Stephan Stapczynski, MD
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