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Evaluation of Bradycardia  
in the Emergency Department

My last shift was hectic, as usual. Urgent care sent over a patient for a minor 
complaint because his pulse was 40 beats per minute. He was otherwise healthy, and 
although not at first glance an “athlete,” he was fit and worked a physically demand-
ing job. An ECG confirmed sinus bradycardia. Several different staff — triage, techs, 
and nurses — repeatedly asked me to treat his asymptomatic benign bradycardia.

But bradycardia is not always benign. In the Northeast, I saw several patients in 
whom “asymptomatic” bradycardia was the key to Lyme disease. In others, bradycar-
dia is a marker of very high risk among patients with acute myocardial infarction. 

This paper is a great review of some basics in physiology and treatment. It will 
be a refresher on the identification of serious arrhythmias. There are also important 
reminders — digoxin, calcium channel blocker or beta-blocker overdoses, and Lyme 
disease. It reminds us that vital signs are indeed vital, at least until we determine 
they can be ignored.

— Sandra M. Schneider, MD, FACEP, Editor 

Introduction
Bradycardia is defined as a heart rate less than 60 beats per minute. From the 

healthy athlete to the most ill patient, bradycardia is a sign commonly seen in 
the emergency department. Bradycardia may represent a normal or incidental 
finding or it may be the result of a conduction abnormality that is detected 
during the evaluation of a symptomatic patient. The wide variety of etiologies 
responsible for bradycardia makes it, on its own, a typically nonspecific sign. 
Both intrinsic and extrinsic factors can be responsible for this often asymp-
tomatic finding. It is crucial for the emergency physician to be able to evaluate 
efficiently and treat its more malignant expressions. In this article, the normal 
anatomy and pathophysiology of bradydysrhythmias in adults will be reviewed, 
followed by the latest recommendations in evaluation and management.

Physiology
Heart rates of less than 60 beats per minute do not necessarily mean that 

there is an underlying pathologic state. In fact, there are several instances in 
which bradycardia is a normal physiologic finding. For example, there is varia-
tion in the range of resting heart rates in otherwise healthy individuals. One 
study demonstrated heart rates as low as 46 beats per minute in men and 51 
beats per minute in women in healthy individuals without cardiovascular dis-
ease.1 It also established that heart rates decrease during sleep. Resting brady-
cardia in trained athletes is considered a normal finding. Initially thought to 
be due to a decrease in intrinsic heart rate or alteration of the autonomic bal-
ance, bradycardia in athletes now is believed to be a multifactorial mechanism. 
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EXECUTIVE SUMMARY
 z Many athletes will have resting pulses below 50 beats per 

minute. Such levels are common during sleep. Asymptomatic 
bradycardia without other electrocardiogram changes, and in 
the absence of specific causes, generally is benign. 

 z Intrinsic causes of bradycardia include collagen vascular dis-
ease, infection (Lyme disease), sarcoidosis, infiltration, and 
surgical trauma. Extrinsic causes include increased vagal tone, 
pharmaceuticals, hypothyroidism, hypothermia, hypoxia, elec-
trolyte abnormalities (hypo-/hyperkalemia, hypercalcemia, or 
elevated magnesium). 

 z The presence of bradycardia in a patient with acute myocar-
dial infarction can be very worrisome. It often is caused by an 
AV block and is associated with increased mortality. 

 z Patients with bradycardia from digoxin or calcium channel 
blocker/beta-blocker overdose should be treated with specific 
antidotes.

 z The primary treatment of symptomatic bradycardia is atro-
pine. When this is ineffective, and the maximum dose has 
been delivered, treatment with epinephrine or dopamine is 
the second-line treatment. 

Remodeling of the sinoatrial (SA) node, 
genetic factors, cardiac hypertrophy, 
and baroreflex alteration all have been 
hypothesized to play a role in modifying 
an athlete’s resting heart rate.2 

The anatomy and circulation to the 
conducting system is important in the 
understanding of the pathophysiology 
behind bradydysrhythmias. In the nor-
mal conduction of the heart, impulses 
spontaneously arise from the SA node 
and travel through the right atrium to 
the atrioventricular (AV) node and then 
to the bundle of His in the ventricular 
septum. The bundle of His bifurcates 
into two groups of Purkinje fibers, 
known as the left bundle and the right 
bundle, which rapidly conduct impulses 
that initiate ventricular contraction. The 
heart has a complex network of sympa-
thetic and parasympathetic innervation 
that affects the automaticity of the SA 
and AV nodes. Parasympathetic tone 
decreases SA node automaticity, slows 
AV node conduction, and slows the 
heart rate; sympathetic tone has the 
opposite effect.

The coronary arteries supply blood to 
the conduction system, and occlusions 
may lead to conduction disturbances 
in those anatomic areas supplied by 
the affected vessel. The blood supply to 
the SA node is provided either via the 
sinus-node artery, which is a branch 
of the right coronary artery (RCA) in 
approximately 65% of the population 
or a branch of the circumflex coronary 
artery in approximately 35% of the 
population.3,4 The blood supply to the 
AV node is via the AV nodal artery 
— a branch of the proximal posterior 
descending artery, which arises from 
the RCA in approximately 90% of the 

population and from the circumflex 
coronary artery in 10%.3,4 The RCA also 
supplies blood to the proximal bundle 
of His, while septal branches of the left 
anterior descending (LAD) coronary 
artery supply blood to the distal bundle 
of His, the right bundle branch, and 
the anterior fascicle of the left bundle 
branch. Septal branches of the RCA 
and the LAD supply blood to the pos-
terior fascicle of the left bundle branch.5 

Etiology
The etiology of bradycardia may be 

classified as either intrinsic or extrin-
sic. (See Table 1.) With intrinsic causes 
(such as collagen vascular diseases, 
infarction, infection, infiltrative diseases, 
and surgical trauma), the conductive tis-
sue is replaced by fibrous tissue, result-
ing in conduction abnormalities. It is 
important to note that while infarction 
and infection are common etiologies, 
they affect AV conduction more typi-
cally and rarely cause permanent tissue 
injury. Extrinsic causes of bradycardia 
consist of autonomic-mediated syn-
dromes that lead to increased vagal tone, 
pharmacologic agents, hypothyroid 
disease, hypothermia, hypoxia, and elec-
trolyte abnormalities (such as hyperka-
lemia, hypokalemia, and hypercalcemia).  

SA Node Dysfunction

Sinus bradycardia occurs when 
there are normally conducted impulses 
from the SA node below a rate of 60 
per minute with 1:1 AV conduction. 
Electrocardiogram (ECG) findings 
show normal PR intervals (120-200 
milliseconds) that are constant, QRS 
complexes that are associated with each 
P wave, and a rate less than 60 beats per 

minute. (See Figure 1.) Sinus bradycar-
dia has physiologic, pharmacologic, and 
pathologic etiologies. (See Table 1.) 

Sick sinus syndrome (SSS) refers to 
a group of disorders that lead to pro-
gressive dysfunction of the SA node. 
The prevalence has been estimated to 
be approximately one in 600 patients 
older than 65 years of age,6 with the 
mean age of approximately 74 years, 
and it affects men and women equally.7 
Possible ECG findings include sinus 
bradycardia, SA blocks, sinus arrest, 
junctional or ventricular escape rhythms, 
atrial fibrillation, and atrial flutter. 
Bradydysrhythmias (see Table 2) are 
needed to make a diagnosis; however, 
tachyarrhythmias are present in at least 
50% of patients who are diagnosed 
with SSS, with atrial fibrillation and 
atrial flutter being the most common.8 
In SSS, there also may be alternating 
tachyarrhythmias and bradydsyrhyth-
mias known as tachycardia-bradycardia 
syndrome.

SA block is the transient failure of an 
impulse to be conducted to the atrial 
myocardium. This results in a pause 
between the P waves (with no P wave or 
QRS complex) that equals the length of 
two or more P-P intervals. Sinus arrest 
is the interruption of impulse genera-
tion at the SA node. This is transient in 
nature and results in a long pause with-
out P waves; however, unlike SA node 
block, the pause seen in sinus arrest is 
not related to the length of the P-P 
interval.

AV Node Dysfunction

Disturbances in the AV node or in 
the bundle of His lead to delays in 
atrioventricular conduction. Isolated 
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delays that are located below the bifur-
cation of the bundle of His typically 
maintain normal AV conduction and 
result in bundle branch or fascicular 
blocks. An exception to this is when 
there are disturbances in all three of 
the fascicles leading to AV conduction 
delays. Given its distinct connection 
between the atria and ventricles, focal 
injury to the AV node from infection, 
infarction, or trauma commonly causes 
AV conduction delays or blocks.

First-degree AV block is defined by 
the prolongation of the PR interval (the 

conduction time from the SA node to 
the start of ventricular depolarization) 
greater than 200 milliseconds (0.2 sec-
onds). There is a QRS complex follow-
ing each P wave (a 1:1 ratio) and the 
PR interval is constant. (See Figure 2.) 
First-degree AV block is encountered 
frequently in the clinical setting and 
although the most common afflicted site 
is the AV node, there usually are mul-
tiple points of conduction delay.9 Based 
on prior studies performed on young, 
healthy men in the military, AV block 
previously was thought to be a benign 

disorder with no clinical significance.9 
However, more recent data suggest that 
first-degree AV block may be associated 
with increased risks of coronary artery 
disease, atrial fibrillation, heart failure, 
pacemaker implantation, and all-cause 
mortality in certain populations.9-11 

Second-degree AV block is the failure 
of consistent conduction of impulses 
from the atria to the ventricles in a 1:1 
ratio. Second-degree AV blocks are 
divided into two categories: Mobitz 
type I (also known as a Wenckebach 
block) and Mobitz type II. Mobitz type 
I AV block is characterized by a pro-
gressive increase in the PR interval until 
there is a conduction failure of the atrial 
impulse resulting in a P wave with-
out an accompanying QRS complex.  
Mobitz type I is caused most commonly 
by AV node delay. In Mobitz type II, 
the PR intervals are at regular intervals 
until there is an abrupt conduction 
failure and there is a P wave without an 
accompanying QRS complex. Although 
the PR intervals are constant, they may 
be normal or prolonged. Since Mobitz 
type II blocks most commonly are 
due to pathology below the AV node, 
the QRS complex typically is wide. 
However, the QRS complex may be 
narrow if the pathology is located in the 
AV node. There may be more than one 
blocked atrial impulse before conduc-
tion occurs. The term “high-grade” AV 
block refers to Mobitz type II blocks 
that have more than one atrial impulse 
that is not conducted, leading to more 
than one consecutive P wave before 
a QRS complex. When there are two 
consecutive P waves before a QRS 
complex appears, it is described as a 2:1 
block; three consecutive impulses before 
a QRS complex is described as a 3:1 
block, and so forth.

Third-degree AV block also is termed 
complete heart block because AV con-
duction is absent and atrial and ven-
tricular activity are independent of one 
another. The P-P intervals remain con-
stant, as do the R-R intervals, but there 
is no relationship between the two. (See 
Figure 3.) In this circumstance, a junc-
tional escape pacemaker takes over and 
leads to ventricular contractions and, 
thus, determines the ventricular rate. 
The escape pacemaker is at a rate slower 
than that of the atrial pace. When the 

Table 1. Causes of Bradycardia

Intrinsic Causes

Collagen Vascular Diseases 
• Scleroderma
• Systemic lupus erythematosus (SLE)
• Rheumatoid arthritis

Congenital/Inherited Diseases
• Myotonic muscular dystrophy
• Congenital heart disease
• Maternal SLE
• Infarction or ischemia
• 

Infection — Primarily Affects  
the AV Conduction System
• Chagas disease
• Lyme disease
• Endocarditis
• Syphilis (tertiary)
• Viral disease (i.e., parvovirus B19, 

coxsackievirus)
• Toxoplasmosis
• Tuberculosis

Infiltrative Diseases
• Amyloidosis
• Sarcoidosis
• Hemachromatosis

Idiopathic

Surgical Trauma
• Cardiac transplant
• Congenital defect correction
• Valve replacement

Extrinsic Causes

Autonomic-mediated Syndromes
• Carotid sinus stimulation or 

hypersensitivity
• Vagal stimulation (coughing, 

micturition, defecation, vomiting)
• Increased intracranial pressure

Pharmacologic Agents, Toxins, and 
Chemicals
• Anti-arrhythmic agents  

(i.e., quinidine)
• Βeta-adrenergic blockers
• Calcium channel blockers
• Digoxin
• Lithium
• Organophosphates
• Pilocarpine
• Muscarinic mushrooms

Hypoxia 
• Obstructive sleep apnea
• Airway occlusion
• Respiratory depression, 

abnormalities, or diseases

Metabolic/Endocrine
• Electrolyte abnormalities (hyper- 

or hypokalemia, hyper- or 
hypocalcemia, hypermagnesemia)

• Hypothyroid disease
• Adrenal insufficiency

Hypothermia

Adapted from: Mangrum JM, DiMarco JP. The evaluation and management of bradycardia. N Engl J 
Med 2000;342:703-709.
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third-degree block is at the AV node, 
the QRS complex typically is nar-
row and the ventricular escape rhythm 
typically is between 40 to 60 beats per 
minute. Third-degree AV blocks that are 
at the infranodal level have ventricular 
escape rhythms slower than 40 beats 
per minute. When the third-degree AV 
block is at the bundle of His, the QRS 
complexes can be either narrow or wide.  
However, third-degree AV blocks below 
the bifurcation of the bundle of His 
produce QRS complexes that are wide. 

In the setting of acute myocardial 
infarction (AMI), AV nodal block has 
significant prognostic and therapeu-
tic significance. In AMI, first-degree 
AV block may occur in up to 13% of 
patients.12 First-degree AV block may 
progress to a high-degree AV block 
(second- or third-degree AV block) 
in AMI patients. The mortality rate is 
two to three times greater in patients 
who have a high-degree AV block in 
the AMI setting. AV nodal block in the 
setting of AMI frequently will present 
within the first 24 hours of the ischemic 
event and is transient the majority of 
the time. Third-degree AV block may 
occur in up to 19% of AMI patients.12 
Approximately 8% of patients with 
inferior wall MI have third-degree AV 
block at the AV node.13

Junctional and Idioventricular 
Escape Rhythms

There are auxiliary pacemakers 
located in the atria, AV junction, and 
the ventricles. When there is a failure of 
the normal impulse formation or con-
duction, these pacemakers activate and 
produce escape rhythms. A junctional 
escape rhythm occurs if the impulse 

from the SA node is unusually slow or 
fails to generate at all; the beat is gener-
ated by the auxiliary pacemaker in the 
AV junction. A junctional escape beat 
has a narrow QRS complex and a rate 
between 40 and 60 beats per minute. A 
ventricular escape beat is generated by 
pacemaker cells in the ventricles and has 

a wide QRS complex, with a rate of 15 
to 40 beats per minute.  

As the name suggests, idioventricular 
rhythms originate from the ventricles 
and do not have any atrial activity. Thus, 
ECG findings show widened QRS 
complexes, typically with a rate of 30 to 
50 beats per minute with no P waves. 

Figure 1. Sinus Bradycardia

Table 2. Summary of Sinoatrial Node Disease

Condition Description

Sinus Bradycardia • Normally conducted impulses from the sinoatrial 
   node below a rate of 60 per minute with 1:1 AV  
   conduction
• Normal PR interval

SA Block • Transient failure of an impulse to be conducted 
   to the atrial myocardium 
• Pause between the P waves, with no P wave or 
   QRS complex, that equals the length of two or 
   more P-P intervals

Sinus Arrest • Interruption of impulse generation at the 
   sinoatrial node
• Transient in nature and results in a long pause 
   without P waves
• Unlike SA node block, the pause seen in sinus 
   arrest is not related to the length of the P-P 
   interval

Junctional Escape Rhythm • Impulse from the SA node is unusually slow or 
   fails to generate at all 
• Beat generated from auxiliary pacemaker cells at 
   the AV junction
• Narrow QRS complex and a rate between 40 and 
   60 beats per minute

Ventricular Escape Rhythm • Impulse from the sinoatrial node is unusually 
   slow or fails to generate at all 
• Beat generated from auxiliary pacemaker cells in 
   the ventricles 
• Wide QRS complex and a rate of 15 to 40 beats 
   per minute 
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Idioventricular rhythms are present 
most commonly with acute ST-segment 
elevation myocardial infarctions. 
Accelerated idioventricular rhythms can 
be between 50 and 70 beats per minute 
and also are without P waves. In the 
setting of successful fibrinolysis of an 
occluded artery, an accelerated idioven-
tricular rhythm is referred to as a “reper-
fusion dysrhythmia.”

Clinical Presentation
Bradycardia may be asymptomatic 

and, therefore, may be an incidental 
finding on physical examination in some 
patients. The heart rate typically will be 
less than 50 beats per minute in patients 
who are symptomatic. In patients whose 

cardiac output is decreased because of 
an uncompensated decrease in heart 
rate, symptoms such as dizziness, light-
headedness, near-syncope, syncope, 
fatigue, and weakness may ensue. These 
symptoms may be constant or episodic 
depending on the underlying etiology. 
Patients who have hypoperfusion also 
may have signs of shock, altered mental 
status, chest pain/discomfort, or acute 
heart failure. 

Evaluation
Evaluating patients who present to 

the ED with bradycardia begins with a 
focused yet thorough history in those 
who are asymptomatic and hemody-
namically stable. Obtaining vital signs 

is key for the initial evaluation as well 
as continual monitoring. For those 
patients who are symptomatic or are 
showing signs of poor perfusion, rapid 
assessment of the airway, breathing, and 
circulation is essential. Assessment of 
symptom onset, frequency, and sever-
ity, as well as association with activity, 
is helpful in determining the etiology. 
Eliciting the patient’s past medical 
history as well as a review of the medi-
cation list, including any new medi-
cations and proper use of prescribed 
medications, is essential. Inquiring 
about potential intentional overdose 
of medications also is important. Ask 
patients with end-stage renal disease 
on hemodialysis about their frequency 
of dialysis sessions, last dialysis session, 
and whether the entire session was 
completed. A review of systems, includ-
ing rash, travel history, intolerance to 
cold or heat, and changes in weight, may 
allow the emergency physician to gain 
valuable insight into possible underlying 
and treatable causes.

Physical examination findings will 
help guide management. Assess for 
signs of hypoperfusion or hemodynamic 
instability, such as cyanosis, diaphoresis, 
altered mentation, pallor, and weak or 
thready pulses. Assess heart sounds for 
regularity and the lungs for signs of pul-
monary congestion. In addition, assess 
lower extremities for edema. In patients 
who have altered mental status, palpa-
tion of the chest wall may reveal an 
implantable cardiac device, such as an 
automatic implantable cardioverter/defi-
brillator or a pacemaker. Dialysis cath-
eters or arterial-venous fistulas or grafts 
also may be discovered by examination 
of the upper chest and extremities.

A 12-lead ECG is important in bra-
dycardia evaluation and has the most 
diagnostic value, as it allows analysis of 
rhythm and potential ischemic changes. 
Although an ECG should be performed 
as soon as possible, obtaining an ECG 
should not delay the management of 
a hemodynamically unstable patient. 
Continuous cardiac monitoring while in 
the ED also will be helpful if the patient 
has changes in cardiac rhythm, hemody-
namic status, or clinical presentation.  

Serologic studies may be valuable in 
determining the underlying etiology 
of bradycardia. Quickly obtain serum 

Figure 2. First-Degree AV Block

There is 1:1 AV conduction, and the PR interval is constant and > 0.2 seconds.

Table 3. Summary of Atrioventricular Node Blocks

Block Type Description

First degree PR interval is > 200 msec, constant
1:1 AV conduction

Second degree

   Mobitz type I 
   (Wenckebach)

Progressive increase in PR interval until 
   conduction failure results in P wave without a 
   corresponding QRS complex

   Mobitz type II PR intervals are constant
PR intervals may be normal or prolonged
Abrupt conduction failure results in a P wave 
   without a corresponding QRS complex
May have > 1 atrial impulse not conducted, 
   resulting in multiple P waves before QRS 
   complex appears

Third degree AV conduction is absent 
Atrial and ventricular activity are independent 
   of one another
P-P intervals are constant
R-R intervals are constant
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electrolyte levels, such as potassium, 
and immediately address abnormali-
ties if corresponding ECG findings are 
present. Blood urea nitrogen (BUN) 
and creatinine to assess for renal func-
tion and acute kidney injury also are 
essential. Serum cardiac markers, such 
as creatine kinase (CK) and troponin, 
as well as B-type natriuretic peptide 
(BNP) or NT-proBNP, will help to 
assess myocardial injury, ischemia, and 
heart failure, respectively. Thyroid func-
tion tests, such as TSH (thyroid stimu-
lating hormone), may reveal underlying 
thyroid disease. In addition, serum drug 
levels for medications such as digoxin 
should be measured if the patient is 
taking the medication or if ingestion is 
suspected. Serologic titers for various 
infectious diseases such as Lyme disease 
may be helpful in a short-term capacity, 
but since the results will not be avail-
able immediately, they are not essential 
in the initial diagnostic workup.

Radiologic imaging may assist 
in diagnosis and management of 

underlying etiologies or resultant dis-
ease processes. A chest radiograph may 
reveal pulmonary vascular congestion 
(heart failure), pacemaker lead fracture 
(patients who have pacemakers that are 
failing to capture), or enlarged cardiac 
silhouette (possible pericardial effu-
sion or cardiomegaly). Focused bedside 
ultrasound also is useful in assessing for 
pulmonary edema (presence of B-lines 
on lung exam), pericardial fluid, and left 
ventricular function.

Emergent cardiology consultation is 
prudent for all patients who are symp-
tomatic or who have high-degree heart 
blocks, signs and/or symptoms of hypo-
perfusion or hemodynamic instability,  
ECG findings of AMI, or positive car-
diac markers.

Differential Diagnosis
There are a few cardiac rhythms that 

potentially can be mistaken for a bra-
dydysrhythmia, as the heart rate will be 
discordant to ECG findings. Ventricular 
bigeminy, blocked premature atrial 
contractions, and frequent premature 
ventricular contractions produce electri-
cal impulses that will not manifest as 
contractions. Thus, the cardiac monitor 
or ECG will be discordant with the 
patient’s actual pulse rate, which may be 
bradycardic.

When evaluating patients who pres-
ent to the ED with bradycardia, it is 
important for the clinician to consider 
the broad spectrum of diagnoses that 
may be responsible for this finding. It 
is helpful to think in terms of intrinsic 
and extrinsic causes, as outlined in 
the section on etiology. (See Table 1.) 
Although all of these potential causes 
will not be discussed, a few are worth 
mentioning.

Intrinsic

Cardiovascular disease, such as AMI 
or ischemia, should be suspected and 
identified expeditiously. 

Infectious diseases may cause intrin-
sic injury to the nodal tissue via direct 
infiltration, leading to conduction 
abnormalities. Lyme disease is caused 
by the Borrelia burgdorferi bacteria and 
is transmitted via the Ixodes scapularis 
tick in the United States. Lyme disease 
may progress to carditis in up to 10% 
of untreated patients.14 It may affect 
any part of the heart, but the AV node 
is the most common location, resulting 
in a reversible AV block seen on ECG. 
Patients also may present with alter-
nating or progressive AV conduction 
delays. Although there are no recent 
data, older studies have demonstrated 
that between 44% and 49% of patients 
with Lyme carditis experience third-
degree AV block.15,16 Lyme carditis may 
occur in individuals of any age, but it 
should be suspected in younger patients 
with unexplained conduction abnormal-
ities. Other infectious diseases, such as 
tertiary syphilis and viral illnesses (e.g., 
parvovirus and coxsackievirus), should 
be considered in patients who have 
unexplained cardiac findings.

Infiltrative diseases, such as sarcoid-
osis, also are in the differential diagnosis 
of bradycardia. Although primarily a 
pulmonary disease, sarcoidosis also can 
affect the heart and is associated with 
a poor prognosis. The most common 
arrhythmia in cardiac sarcoidosis is 
complete heart block, which has been 
reported in up to 30% of patients.17 
Patients may present with heart block, 
syncope, or sudden death. Consider this 
diagnosis in patients without other eti-
ologies of conduction disorders.

Figure 3. Third-Degree AV Block

Figure 4. Ventricular 
Paced Rhythm

Pacer spikes are indicated before the 
QRS complexes.

P-P intervals are constant (lower arrows). R-R intervals are constant (upper arrows). There is no relationship between the P waves and 
the QRS complexes.
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Extrinsic

Autonomic-mediated causes of bra-
dydysrhythmias include carotid sinus 
stimulation or hypersensitivity, as well 
as vagal nerve stimulation induced 
by coughing, vomiting, defecation, or 
micturition.

Syncope may be a consequence of a 
cardiac arrhythmia. Syncope attributable 
to SA or AV dysfunction may be related 
to the poor physiologic adaptation from 
a drop in heart rate leading to poor 
perfusion.18

Chronotropic incompetence is a con-
dition that involves an inadequate phys-
iologic response in heart rate to exercise 
or physical activity, resulting in a “rela-
tive bradycardia.” Diagnosis of this phe-
nomenon is difficult, and the parameters 
defined in the literature are varied and 
not validated. However, many clinicians 
consider chronotropic incompetence as 
failure to achieve 80% maximal heart 
rate (220 beats per minute minus age) at 
peak exercise.8 

Abnormalities in electrolytes, such 
as potassium, calcium, and magnesium, 
must be considered, identified expedi-
tiously, and treated in patients with 
ECG abnormalities. As the most abun-
dant mineral in the body, calcium plays 
a vital role in many intracellular organ 
functions — particularly the heart. 
Hypercalcemia (defined as serum levels 
> 10.5 mg/dL) initially may increase 
contractility of the heart, but as levels 
exceed 15 mg/dL, myocardial depres-
sion may occur. Although the cardio-
vascular symptoms of hypercalcemia are 
variable, patients with total serum cal-
cium levels > 15-20 mg/dL may develop 
AV block and cardiac arrest.19 Calcium 
has antagonistic effects on potassium 
and magnesium on a cellular level.

Elevated magnesium levels may cause 
cardiac arrhythmias, including brady-
cardia. Patients receiving magnesium 
for preeclampsia or asthma should 
be monitored or frequently assessed. 
Hyperkalemia or hypokalemia also may 
lead to severe cardiac manifestations. 
Hypokalemia may cause alterations in 
cardiac excitability and conduction. It 
should be noted that many patients who 
have hypercalcemia also have hypo-
kalemia. Both conditions contribute 
to cardiac arrhythmias.19 As a special 
note, patients who take digitalis are 

particularly susceptible to the effects of 
hypokalemia and hypercalcemia, as they 
will have alterations in cardiac excitabil-
ity and conduction.

Thyroid disease also should be con-
sidered. As a result of unclear patho-
physiologic mechanisms, hypothyroid 
disease may manifest clinically in bra-
dycardia and heart block. Bradycardia 
from hypothyroidism is likely revers-
ible. Several case reports and studies 
demonstrate resolution of AV block 
with thyroid hormone replacement 
and normalization of the TSH in some 
patients.20,21 Although hyperthyroid-
ism is associated more commonly with 
tachyarrhythmias, AV block second-
ary to thyrotoxicosis has been cited in 
the literature as a rare but potential 
cause.20,22 

Hypothermia is defined as a core 
body temperature < 95°F (35°C) and 
may cause intraventricular conduc-
tion delays and bradydysrhythmias. An 
Osborn wave (also called a J wave) is 
a dome-shaped deflection in the same 
direction of the R wave and immedi-
ately follows the QRS complex. This 
characteristic ECG finding is present in 
80% of patients with a core temperature 
below 30°C.23  

Management
The approach to patients with bra-

dycardia is based on the patient’s 
hemodynamic stability and presence or 
absence of symptoms. The management 
of hemodynamically stable patients 
who are asymptomatic depends on the 
rhythm and underlying etiology. Sinus 
bradycardia typically does not require 
intervention unless the heart rate is 
less than 50 beats per minute and the 
patient is symptomatic or shows signs of 
hypoperfusion.24 

Patients with bradycardia who are 
hemodynamically unstable exhibit signs 
and symptoms of hypoperfusion, such 
as pallor, diaphoresis, altered menta-
tion, cyanosis, chest pain, acute heart 
failure, and hypotension. Immediately 
place patients who have unstable vital 
signs or show signs of hypoperfusion 
on a cardiac monitor with continuous 
pulse oximetry monitoring. Obtain 
intravenous access and, if available, have 
the transcutaneous pacer at the patient’s 
bedside. Supply oxygen and perform 

aggressive airway and breathing man-
agement to patients in whom bradycar-
dia is the suspected result of hypoxia. 

The mainstays of medical treatment 
are atropine, dopamine, and epineph-
rine. Atropine is the first-line therapy 
for unstable bradycardia. Atropine is 
an anticholinergic agent that has a 
mechanism of action on cardiac activ-
ity via parasympathetic blockade and 
direct vagolytic action. This leads to an 
increased firing rate of the SA node 
and AV node conduction, thus increas-
ing the heart rate. The initial dose of 
atropine is 0.5 mg IV bolus. This may 
be repeated every three to five minutes 
up to a maximum of 3 mg. In chil-
dren, the dose is 0.02 mg/kg IV or IO 
with a minimum dose of 0.1 mg and a 
maximum of 0.5 mg. Caution should 
be taken in patients in whom AMI is 
suspected, as the increase in heart rate 
also may increase myocardial oxygen 
demand, leading to further ischemia 
or increase in the size of the infarc-
tion.24 Atropine has inconsistent suc-
cess in patients with Mobitz type II 
AV block.25,26 Third-degree AV block 
secondary to infranodal pathology is 
unlikely to respond to atropine, as its 
mechanism of action is at the AV node. 
In addition, patients who have had 
cardiac transplantation no longer have 
innervation from the vagus nerve and, 
therefore, atropine likely will not be 
effective.27 However, there have been 
cases of AV block and sinus arrest fol-
lowing atropine use in heart transplant 
patients.27 If there is no improvement 
with atropine or if its maximum dose 
has been reached, either dopamine or 
epinephrine may be administered.

Dopamine and epinephrine both are 
catecholamines with alpha- and beta-
adrenergic action and may be used as 
second-line treatments for unstable 
bradydysrhythmias. Intravenous dopa-
mine infusion is initiated at a rate of 
2 to 20 micrograms/kg/minute and 
titrated to the patient’s clinical response 
rather than a specific target heart rate. 
Epinephrine dosing is 2 to 10 micro-
grams/min or 0.1 to 0.5 mcg/kg/min 
and similarly is titrated to the patient’s 
hemodynamic and clinical response.

Isoproterenol is a beta-adrenergic 
agent with both beta-1 and beta-2 
effects. The literature supporting the use 
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of this drug is lacking and although it 
is not included in the American Heart 
Association Advanced Cardiac Life 
Support algorithm, its use may be con-
sidered.24 The recommended dose of 
isoproterenol is 2 to 10 mcg/min intra-
venously and is to be titrated based on 
clinical effect. 

Bradydysrhythmias caused by over-
dose or toxicity of pharmacologic 
agents, either accidental or intentional, 
may have specific antidotes that will 
expedite management. For example, sus-
pected digitalis toxicity may be treated 
with intravenous digoxin immune 
fragment antigen-binding. Unstable 
bradydysrhythmias secondary to beta-
blockers may be treated with glucagon 
5 mg intravenously slow bolus every 
10 minutes, with a maximum of three 
doses. If the patient does not respond 
to two doses, he or she is unlikely to 
respond. If the patient does respond, an 
infusion of 2 to 5 mg/hour for adults 
can be started. Calcium channel blocker 
toxicity may be treated with intrave-
nous calcium gluconate 10% or insulin. 
These medications may be considered in 
conjunction with recommendations for 
gastrointestinal decontamination in the 
appropriate circumstances. Poison cen-
ters may be helpful in guiding treatment 
in these difficult patients.

Cardiac Pacing
Zoll first introduced transcutaneous 

pacing (TCP) in 1952, and advance-
ments in pacing technology over the 
years have made it the emergency pac-
ing procedure of choice in multiple 
settings. TCP is a rapid, minimally 
invasive, and temporizing measure 
until transvenous pacing (TVP) can 
be implemented. TCP is indicated in 
patients with bradydysrhythmias who 
have hemodynamic instability or show 
signs of hypoperfusion and are not 
responsive to medical treatment. TCP 
should be considered in the manage-
ment of patients who have high-degree 
AV blocks and bradydysrhythmias in 
the setting of AMI — particularly 
anterior/lateral MI.28 As stated in the 
previous section, it is prudent to have 
the TCP equipment at the bedside of 
patients with bradydysrhythmias so 
that there is no delay if pacing becomes 
necessary.

There are two self-adhesive pacer 
electrode pads: the anterior electrode 
(cathode, or negative electrode) and 
the posterior electrode. The anterior 
electrode should be placed on the left 
anterior chest wall, while the posterior 
electrode, which serves as the ground, 
may be placed either directly posterior 
to the anterior electrode on the patient’s 
back or on the lateral chest wall. Most 
electrodes have manufacturer instruc-
tions directly on the pads that direct 
appropriate placement. Recognizing 
that body habitus and grooming may 
be a challenge in electrode placement, it 
is important to provide optimal place-
ment, as poor placement may interfere 
with capture.29 Remove transdermal 
patches prior to placement of the pac-
ing electrodes. Shave excessive hair 
to ensure that the electrodes adhere 
appropriately to the patient. In women, 
place the anterior electrode beneath the 
breast, as breast tissue may cause trans-
thoracic impedance.29 Take care to avoid 
placing pads over any implanted devices, 
such as a pacemaker or a defibrillator. 
Clinicians should be aware that there is 
a lack of standardization of equipment 
used by prehospital personnel and EDs. 
Thus, the pacing electrode pads placed 
on patients in the prehospital setting 
may not be compatible with equip-
ment at the destination ED. Similarly, 
there may be differences in equipment 
between the ED and the patient’s inpa-
tient disposition.

Once the pacing electrodes are on 
the patient and connected to the device, 
administer sedation to the patient, as 
the electrical impulses may be uncom-
fortable. Rate and current are adjust-
able. Start the rate at approximately 30 
beats per minute above the patient’s 
inherent heart rate, keeping in mind 
that a heart rate between 60 and 70 
beats per minute should be sufficient to 
achieve adequate perfusion. The current 
is measured in milliamperes (mA) and 
should be adjusted to the lowest setting 
that achieves capture while minimiz-
ing patient discomfort. This varies from 
individual to individual, and there are 
limited data regarding capture thresh-
olds as they relate to pain tolerance. 
One study with 16 healthy male volun-
teers who were paced without sedation 
showed that the majority of subjects 

tolerated cardiac capture thresholds 
that ranged between 42 and 60 mA 
(mean 54 mA).30 A second study that 
compared multiple devices in only 10 
subjects had capture thresholds ranging 
from 66.5 to 104 mA with variable pain 
thresholds. This suggests that a reason-
able starting point would be at 50 mA 
with incremental increases of 5 to 10 
mA until there is capture. 

It is important to assess the patient 
for electrical and mechanical capture. 
Electrical capture is assessed on the 
ECG monitor. Mechanical capture 
may be determined by palpating the 
pulse at the carotid or femoral artery; 
however, the forceful external muscular 
contractions may make this challeng-
ing. Ultrasound has been useful in the 
assessment of capture.31-33 Once capture 
is achieved, set the current slightly above 
the capture threshold (5 to 10 mA). 
Failure to capture using TCP is an indi-
cation for TVP.

Chest compressions may be admin-
istered safely while the TCP is in use 
with little risk of injury to the health-
care provider — even directly over 
the pacer pads. This is because the 
power delivered with each impulse is 
minimal.34 

Failure to recognize an underly-
ing ventricular fibrillation, due to 
underlying pacing artifact, is the major 
potential complication of TCP. Other 
potential complications of TCP include 
pacer-induced ventricular fibrillation 
and cutaneous discomfort and injury.

In the ED setting, TVP is indicated 
for patients who have bradydysrhyth-
mias in the setting of hemodynamic 
instability and are unresponsive to med-
ication and TCP. As its name suggests, 
TVP is achieved by gaining central 
venous access and placing an electrode 
in the endocardium of the right ventri-
cle. The most common emergency pace-
maker code is VVI, which represents 
that the ventricle is paced, the ventricle 
is sensed, and there is inhibition of the 
pacemaker if a native impulse is sensed.

Although many of the specific steps 
involved in the actual TVP placement 
are beyond the scope of this review, 
important elements will be highlighted 
in this discussion.

Catheter site selection should be 
based on physician experience and 
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comfort level and to leave options avail-
able for future permanent pacemaker 
placement. The options for central 
venous access in the setting of TVP are 
the internal jugular, subclavian, femoral, 
and brachial veins. The preferred loca-
tions are the right internal jugular and 
left subclavian veins, allowing the most 
direct anatomic routes to the right ven-
tricle.35 Syverud et al found that these 
locations have higher rates of proper 
placement during cardiopulmonary 
arrest.34 Sterile preparation and tech-
nique, including guidance with ultra-
sound, for central venous access with 
TVP is the same as with usual central 
venous line placement.  

The pacing catheter may be guided 
into proper location by ECG or ultra-
sound assistance. In using the ECG 
machine, the patient should be con-
nected to the limb leads while the distal 
terminal (negative electrode) of the 
pacing catheter is placed on any of the 
V leads using an alligator clip. The other 
V leads should be attached as usual. As 
the pacing catheter is advanced, there 
will be characteristic ECG changes that 
correspond to its location. As ultra-
sound has become an essential diagnos-
tic instrument in the ED, it offers the 
advantage of direct visualization of the 
pacer catheter in TVP placement as well 
as determination of mechanical capture.

Once the pacer catheter is against the 
right ventricular wall, the QRS segment 
will exhibit the typical ST-segment 
elevation, and the distal terminal may 
be connected to the corresponding ter-
minal on the generator. Next, the pacer 
should be set to 80 beats per minute or 
10 beats per minute above the patient’s 
underlying ventricular rate — which-
ever rate is faster. The generator then is 
set to full demand mode with an out-
put of 5 mA and then slowly adjusted 
downward to achieve the minimal volt-
age required for capture. The generator 
is turned on, and the patient assessed for 
capture. The ideal threshold is less than 
1.0 mA, and the final amperage should 
be 2.5 times that setting to ensure con-
sistent capture. Perform a chest X-ray 
to confirm that the catheter tip is in the 
anterior-inferior aspect of the cardiac 
shadow. A chest radiograph also will 
rule out pneumothorax as a complica-
tion of central venous access.

Complications of TVP include the 
same complications that are encoun-
tered with central venous access. 
Additionally, there are complications 
that are associated with right heart 
catheterization, such as dysrhythmias 
including premature ventricular con-
tractions and ventricular tachycardia, 
catheter misplacement, perforation of 
the ventricle or pericardium, and infec-
tion. Mechanical failure of the device 
also may occur.

Disposition
Determining the disposition 

patients who present with a bra-
dydysrhythmia depends on several 
factors. Patients who present to the 
ED without symptoms and who are 
hemodynamically stable and remain 
asymptomatic throughout their ED 
course may be discharged home at the 
discretion of the emergency physician 
with outpatient follow-up. However, 
asymptomatic patients with a high-
degree AVB, significant lab abnormali-
ties, or other conditions may warrant 
admission or observation. 

Symptomatic patients warrant admis-
sion with telemetry or observation in a 
monitored setting based on ECG find-
ings, comorbid illnesses, laboratory find-
ings, and underlying etiology. Patients 
who exhibit signs of hypoperfusion or 
hemodynamic instability or who have 
signs and/or symptoms of cardiac isch-
emia or infarction warrant admission to 
an intensive care setting. The emergency 
physician also must consider the avail-
ability of cardiology consultants in his 
or her facility, as well as the facility’s 
capability to care for the critically ill 
patient. Transfer to a facility with car-
diac specialty services is indicated if the 
presenting facility cannot provide these 
services if required.
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Evaluation of Bradycardia in the Emergency Department

Summary of Sinoatrial Node Disease

Sinus Bradycardia

Sinus Bradycardia • Normally conducted impulses from the sinoatrial 
   node below a rate of 60 per minute with 1:1 AV  
   conduction
• Normal PR interval

SA Block • Transient failure of an impulse to be conducted 
   to the atrial myocardium 
• Pause between the P waves, with no P wave or 
   QRS complex, that equals the length of two or 
   more P-P intervals

Sinus Arrest • Interruption of impulse generation at the 
   sinoatrial node
• Transient in nature and results in a long pause 
   without P waves
• Unlike SA node block, the pause seen in sinus 
   arrest is not related to the length of the P-P 
   interval

Junctional Escape Rhythm • Impulse from the SA node is unusually slow or 
   fails to generate at all 
• Beat generated from auxiliary pacemaker cells at 
   the AV junction
• Narrow QRS complex and a rate between 40 and 
   60 beats per minute

Ventricular Escape Rhythm • Impulse from the sinoatrial node is unusually 
   slow or fails to generate at all 
• Beat generated from auxiliary pacemaker cells in 
   the ventricles 
• Wide QRS complex and a rate of 15 to 40 beats 
   per minute 

Summary of Atrioventricular Node Blocks

First degree PR interval is > 200 msec, constant
1:1 AV conduction

Second degree

   Mobitz type I 
   (Wenckebach)

Progressive increase in PR interval until 
   conduction failure results in P wave without a 
   corresponding QRS complex

   Mobitz type II PR intervals are constant
PR intervals may be normal or prolonged
Abrupt conduction failure results in a P wave 
   without a corresponding QRS complex
May have > 1 atrial impulse not conducted, 
   resulting in multiple P waves before QRS 
   complex appears

Third degree AV conduction is absent 
Atrial and ventricular activity are independent 
   of one another
P-P intervals are constant
R-R intervals are constant
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First-Degree AV Block

There is 1:1 AV conduction, and the PR interval is constant and > 0.2 seconds.

Third-Degree AV Block

Ventricular Paced Rhythm

P-P intervals are constant (lower arrows). R-R intervals are constant (upper arrows). There is no relationship between the P waves and 
the QRS complexes.

Pacer spikes are indicated before the 
QRS complexes.
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