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KEY POINTS

e Patients admitted to the intensive care unit (ICU) are at increased risk for cardiac
arrhythmias.

e Cardiac arrhythmias are common in the ICU, and can be either the initial reason for admis-
sion to the ICU or a consequence of the medical condition.

e Exacerbating and contributing factors are multiple, and management of the patient
requires a careful determination of these factors and correction where possible.

INTRODUCTION

Patients admitted to the intensive care unit (ICU) are at increased risk for cardiac
arrhythmias, which may be either the primary reason for ICU admission or a contingency
in the critically ill patient. This article addresses the occurrence of arrhythmias in the crit-
ically ill patient, and their pathophysiology, implications, recognition, and management.

PATHOPHYSIOLOGY

Although patients can be admitted to the ICU with a variety of conditions, the critical
nature of their underlying processes and the supportive measures used to treat them
can contribute to an elevated catecholamine state. Coupled with fluctuations in intra-
vascular volume, electrolyte disturbances, and other metabolic derangements, this
places patients at risk for cardiac arrhythmias. The incidence of arrhythmia in the
ICU patient can approach 40%, most typically associated with conditions such as
septic shock and respiratory failure.” The most common arrhythmias in the ICU setting
can be divided into 2 basic categories: (1) tachyarrhythmias (eg, atrial fibrillation [AF]
and atrial flutter, ventricular arrhythmias, and other supraventricular tachycardias
[SVTs]) and (2) bradyarrhythmias (eg, junctional rhythm, sinus bradycardia, and atrio-
ventricular [AV] conduction block).
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Predictors of tachyarrhythmia occurrence in ICU patients include the use of stimu-
lant drugs such as norepinephrine, and a high APACHE Il score (>25) (see the article
on Cardiogenic Shock by Shah and colleagues elsewhere in this issue). For those with
bradyarrhythmias, identified predictors include the use of norepinephrine (which is a
predictor of both tachyarrhythmia and bradycardia), arterial pH less than 7.3, and
HCOs level of 18 mEg/L or higher (see Box 1 for common risk factors).’

CONSEQUENCES OF ARRHYTHMIAS IN THE INTENSIVE CARE UNIT

The presence of arrhythmia, especially ventricular fibrillation (VF), symptomatic sinus
bradycardia, and junctional bradycardia, in the medical ICU has been associated with
higher in-hospital mortality. Tongyoo and colleagues’ reported on a single-center
population of 247 ICU patients (mean age 58.5 years; mean APACHE Il score 20.1).
In this group of critically ill patients, arrhythmias were seen in 39.7%. The mortality
among patients who developed arrhythmias was significantly higher than among
those who did not. Among those who developed significant bradyarrhythmias (sinus
or junctional) the mortality was 88.7%, and in those with tachyarrhythmias (particularly
VF) the mortality was 66.7%, compared with 18.1% mortality (P<.001) in patients free
of arrhythmias.

Similar results were seen by Annane and colleagues?® among 1341 medical ICU pa-
tients, sustained arrhythmias being seen in 12% of patients. In this population, in-
hospital death rates were 17% in patients without arrhythmia; 29% in patients with
supraventricular arrhythmia (SVA); 73% in patients with ventricular arrhythmia (VA);
and 60% in patients with conduction abnormalities.

The occurrence of arrhythmias in the ICU population can be associated with a pro-
longed stay in hospital.® Polanczyk and colleagues® reported on 4181 patients aged
50 years or older who presented in sinus rhythm and underwent nonemergency,
noncardiac procedures. In this group of patients, perioperative SVAs were seen in
in 317 patients (7.6%). Independent preoperative correlates for the occurrence of
these arrhythmias included male sex, age 70 years or older, history of valvular heart
disease or heart failure, and prior history of SVA or asthma. The occurrence of SVA
was associated with a 33% increase in length of stay after adjustment for other clinical
data (P<.001).

Goodman and colleagues* reported on both short-term and long-term conse-
quences of arrhythmias in the ICU population. This study included 611 patients

Box 1
Risk factors for arrhythmia in the intensive care unit

e Male gender
e Age greater than 70 years
e Cardiac disease (coronary artery disease, heart failure, valvular disease)

e Pulmonary disease (asthma)

Thyroid disease
Critically ill (APACHE score >25)

Volume fluctuations

Electrolyte disturbances

Metabolic derangements

Vasopressors
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admitted to the general ICU who were evaluated for the development of SVA. Patients
were followed through hospital discharge, and 48-month mortality was evaluated.
New-onset SVA was found in 9% of patients, and preexisting history of SVA in
12%. In-hospital mortalities were 18% in those with no SVA, 56% in the new-onset
SVA group, and 32% in those with prior histories of SVA (P<.05 for any SVA vs no
SVA; P<.05 for history SVA vs new-onset SVA). Similarly to other studies, mortality
was associated with high APACHE |l scores, sepsis, acute renal failure, and myocar-
dial ischemia. For those with new-onset SVA the APACHE Il score was 23.8 + 8 versus
16 + 8 for those without SVA (P<.05).* Of note, for those surviving to discharge the
postdischarge mortality rates were 20% in the no-SVA group, 36% in the new-
onset SVA group, and 45% in the history of SVA group (P<.05 for any SVA vs no
SVA; P<.05 for history SVA vs new-onset SVA). Most deaths in the new-onset SVA
group occurred during the acute hospital stay and were typically associated with mul-
tiorgan system failure as reflected in the APACHE Il scores.* Moreover, in this study
new-onset SVAs were not found to be associated with a preadmission history of car-
diac disease, being more closely associated with a history of underlying pulmonary
disease and hypothyroidism.

DIAGNOSTIC APPROACH
Determine Urgency

As in any other patient population, the management of arrhythmias in the ICU patient is
determined by the acuity of the problem (Box 2). An initial critical step is determining
whether an arrhythmia truly exists, or if an artifact is recorded as a result of electrical
interference created by devices in the patient environment, or is created by motion
(Fig. 1). If an arrhythmia is confirmed, the urgency of treatment will depend on a deter-
mination of whether the rhythm itself is causing compromise to the patient. Manage-
ment will be more urgent in the setting of an acute arrhythmia that is resulting in
symptomatic hypotension and/or hypoperfusion to vital organs.

Identify Causes

Regardless of whether urgent steps are required, identification of correctable under-
lying causes should be undertaken when the patient is sufficiently stabilized (Box 3).
Multiple electrolytes and acid-base abnormalities are common in the ICU patient pop-
ulation, and in one study were reported in around 67% of patients.® Hypokalemia is a
well-recognized contributor to cardiac arrhythmia, and in the population with ischemic
heart disease the likelihood of VF as almost twice as high among patients with potas-
sium levels of less than 3.6 mEg/L as in those with higher levels (odds ratio 1.97).%7 In
up to 40% of patients with hypokalemia there is concomitant hypomagnesemia, and
unless this is corrected it may not be possible to correct the potassium level.®

Box 2
Determinants of urgency

e Hypotension

e Ischemia

e Heart failure

e Altered mentation

e Other signs of hypoperfusion: hypoxia, decreased urine output
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Fig. 1. Telemetry strip demonstrating artifact initially thought to be ventricular tachycardia.
Close examination reveals underlying sinus rhythm with motion artifact (arrows indicate

QRS complexes).

The relation between potentially life-threatening arrhythmias and inappropriate
ventilation, hypoxemia, hypo- or hyperventilation, and metabolic acidosis has long
been appreciated.® Patients in the ICU are at risk for these potentially reversible
causes of arrhythmias. Ciritically ill patients are with volume overload can be arrhyth-
mogenic because of atrial stretch.’® In patients with an indwelling catheter such as a
peripherally inserted central catheter or other central line, mechanical stimulation may
lead to arrhythmias.

Advanced Cardiac Life Support (ACLS) guidelines emphasize the “5 H” and “5 T”
reversible causes of arrhythmias applicable in all clinical scenarios: Thrombosis,
pulmonary/cardiac; Tension pneumothorax; Tamponade, cardiac; Trauma; Toxins;
and Hypoxia; Hydrogen ions (acidosis); Hypothermia; Hypovolemia; Hypo-/Hyperka-
lemia.”" Care should be taken in the ICU patient to prevent or correct these potential

Box 3
Causes of arrhythmia

e Hypoxia/hypoventilation

e Hypovolemia/hypervolemia

e Electrolyte imbalances (potassium, magnesium)
e Metabolic acidosis

e Hypothermia

Coronary ischemia

Cardiac tamponade

Acute pulmonary process (pulmonary embolism, pneumothorax)
e Trauma

Intoxication

o Mechanical stimulation (central line)
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causes and contributors to arrhythmias. Without correction, management of the
arrhythmia may not be possible.

UNDERSTANDING MECHANISMS OF ARRHYTHMIAS

An understanding of the basic mechanisms of cardiac arrhythmias is helpful in deter-
mining correct therapeutic approaches.

Bradyarrhythmias

Bradyarrhythmias (Table 1) arise from problems in impulse generation (automaticity)
and/or impulse conduction (heart block). Diminished automaticity in the sinus node re-
sults in sinus bradycardia, and in more extreme cases sinus pauses. Heart block is usu-
ally due to disease (more commonly fibrosis, less commonly ischemia) in the AV node
or His-Purkinje system, the latter being associated with higher grades of AV block. The
degree of heart block is determined by the extent of impulse conduction from the atria
to the ventricles: in first-degree heart block all impulses are conducted, albeit at a
slower rate (prolonged PR interval); in second-degree heart block they are intermit-
tently conducted; and in third-degree heart block none of the atrial impulses are con-
ducted. Bradyarrhythmias can be seen in a variety of settings in the ICU, such as with
elevated intracranial pressure, exaggerated vagal activity (coughing, vomiting), carotid
sinus pressure (tight collar), hypothyroidism, hypothermia, ischemia, metabolic abnor-
malities (hyperkalemia), and various drugs (B-blockers, calcium-channel blockers,
antiarrhythmics, digoxin, clonidine, opioids, lithium, dexmedetomidine).'?

Tachyarrhythmias

Tachyarrhythmias (Table 2) have 3 general mechanisms: increased automaticity,
reentry, and triggered activity. Enhanced automaticity can occur in the atrium, AV
node, or within the ventricle. These automatic foci in the atria, AV junction, or ventricles
can accelerate and drive an ectopic tachyarrhythmia, such as paroxysmal atrial tachy-
cardia. Automatic tachyarrhythmias (both atrial and ventricular) are commonly
encountered in the ICU, as they are triggered by metabolic disturbances such as elec-
trolyte abnormalities (namely potassium and magnesium disturbances), acid-base
disturbances, hypoxemia, and ischemia. Use of vasopressors and inotropes can
also contribute, given their sympathomimetic properties.

Reentry

Reentry is the most common mechanism for tachyarrhythmias. For reentry to occur, 2
pathways (or tissue) with different conduction properties must exist and be anatomi-
cally oriented in such a way as to form an electrical circuit. These circuits may be
congenital (eg, dual AV node) or acquired (surrounding or within scar tissue of uneven
electrical properties). As such, reentry can occur around anatomic barriers such as
scar, or by utilizing anatomically distinct pathways such as the slow and fast pathways
of the AV node. Reentrant arrhythmias are often provoked by premature complexes
arising in either the atrium or the ventricle. A well-timed electrical impulse takes

Table 1

Bradyarrhythmias

Mechanism of Bradyarrhythmia Examples
Decreased automaticity Sinus bradycardia

Sinus pause/arrest

Impaired conduction Heart block (first, second, and third degree)
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Table 2

Tachyarrhythmias

Mechanism of Tachyarrhythmia Examples

Increased automaticity Paroxysmal atrial tachycardia

Multifocal atrial tachycardia

Reentry Atrial flutter
Atrioventricular (AV) nodal reentrant tachycardia
AV reentrant tachycardia
Ventricular tachycardia

Triggered activity Digoxin toxicity
Torsades de pointes

advantage of the discrepancies in conduction properties, penetrating one limb of the
circuit while the second is refractory owing to the prematurity of the stimulus. The im-
pulse travels forward on the anterograde limb, and can then proceed retrograde up the
second pathway of the reentrant loop, which will now have recovered its ability to
conduct. The impulse can create an endless loop of reentry while simultaneously acti-
vating adjacent myocardium. Perpetuation of the circuit depends on the ability of both
limbs to maintain the tachycardia (Fig. 2). Common reentrant arrhythmias encoun-
tered in the ICU, as well as other clinical settings, include AV nodal reentrant tachy-
cardia (AVNRT), atrial flutter, and ventricular tachycardia (VT). AV reentrant
tachycardia (AVRT) is less frequently seen, and depends on the substrate (accessory
pathway, as in Wolff-Parkinson-White [WPW] syndrome) being present. Reentry is
favored when there is differential conduction in the two limbs or the circuit and this
is favored by changes in heart rate and autonomic tone,'® ischemia, and pH and elec-
trolyte abnormalities.

Triggered activity
Triggered activity involves the premature activation of the cardiac cell during the repo-
larization (recovery) period, which is referred to as an afterdepolarization. These

Fig. 2. There are 3 necessary components for reentry to occur: (1) 2 separate pathways, (2)
unidirectional block in 1 pathway (asterisk), and (3) slow conduction along the other
pathway. To persist, both pathways must be capable of maintaining conduction.
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afterdepolarizations are capable of sustaining a tachyarrhythmia and are the likely un-
derlying mechanism in certain rhythms. Digoxin has been implicated in the occurrence
of delayed afterdepolarizations, which likely are at least partly responsible for the
various tachyarrhythmias seen in the setting of digoxin toxicity (such as paroxysmal
atrial tachycardia with block).'* Triggered activity has also been implicated in the path-
ogenesis of torsades de pointes, whereby early afterdepolarizations in the setting of a
prolonged QT interval can precipitate polymorphic VT (PMVT). The prolonged QT in-
terval can be congenital or acquired, as in the setting of numerous drugs (including an-
tiarrhythmics, antimicrobials, antihistamines, and psychotropics),’>'® metabolic
abnormalities (hypokalemia, hypomagnesemia, hypocalcemia), ischemia, and hypo-
thermia. PMVT in the setting of acquired long QT is usually pause dependent, and
is precipitated by long-short RR intervals.’”

DIAGNOSIS AND MANAGEMENT OF SPECIFIC ARRHYTHMIAS ENCOUNTERED IN THE
ICU
Atrial Fibrillation

AF is the most common sustained arrhythmia in the general population, and occurs in
up to 31% of ICU patients (Fig. 3).'® Risk factors for AF include: advancing age (>33%
of patients with AF are >80 years); presence of structural heart disease; and chronic
conditions: cardiac (eg, hypertension) and noncardiac (eg, renal failure, chronic
obstructive pulmonary disease).%2° Risk factors for AF in the ICU setting include hy-
potension, use of vasopressors or inotropes, septic shock, fluid overload, electrolyte
imbalance, heart failure, and postoperative status, among others (Box 4).>" Mecha-
nisms causing and sustaining AF are multifactorial, and AF can be complex and diffi-
cult for clinicians to manage. In the structurally normal heart variations in autonomic
tone have been implicated in the initiation of AF, as surges in vagal and sympathetic
tone have been detected in the minutes that precede initiation of the arrhythmia.??23
AF is associated with a 5-fold increased risk of stroke,?* 3-fold increased risk of heart
failure,?°-2” and 2-fold increased risk of mortality.? In the United States, AF alone con-
tributes to nearly 10,000 deaths per year.

Fig. 3. Typical appearance of atrial fibrillation with rapid ventricular response. ST-segment
changes are noted, which were not previously seen during sinus rhythm, and likely reflect
demand ischemia.
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Box 4
Predisposing factors for atrial fibrillation in the intensive care unit

e Advanced age

e Structural heart disease

Chronic cardiovascular conditions (hypertension)
e Chronic noncardiac conditions (renal failure, chronic obstructive pulmonary disease)

e Hypotension and shock

Fluid overload

Electrolyte imbalances
e Vasopressors and inotropes

e Postoperative state

In AF there is loss of (or diminished) atrial contribution to ventricular preload, which
accounts for 25% of ventricular end-diastolic volume in the normal heart.?® Though of
little consequence in the normal heart, this may become hemodynamically significant
with systolic dysfunction, diastolic dysfunction (noncompliant ventricle), and rapid
heart rates (decreased ventricular filling).

The acute management of AF involves 3 strategies: rhythm control (cardioversion),
rate control, and anticoagulation. Cardioversion can be accomplished electrically or
pharmacologically. Inmediate electrical direct current (DC) cardioversion is indicated
in patients with AF who have severe hemodynamic compromise (eg, hypotension,
decompensated heart failure) thought to be related to the arrhythmia. If tolerated, pre-
medication with a benzodiazepine or opiate is preferable. Shocks should be synchro-
nized with the QRS complex. In general, pads placed anterior to posterior provide
greater efficacy than do anterior and lateral positioning, and a biphasic waveform typi-
cally requires less energy than a monophasic waveform. If a single shock fails to result
in conversion to sinus rhythm, repositioning pads, applying pressure over the anterior
pad (to reduce impedance), and using a bipolar waveform may facilitate cardiover-
sion.2%3% DC cardioversion should not be attempted in the setting of digoxin toxicity
or uncorrected hypokalemia.

Pharmacologic cardioversion may be appropriate in patients who are not immedi-
ately hemodynamically compromised and not experiencing cardiac ischemia as a
result if the arrhythmia. Several antiarrhythmic agents are available, and the choice
of drug will depend on the underlying myocardial function, but ibutilide and amiodar-
one are most commonly chosen in the ICU (Table 3). Intravenous ibutilide has a re-
ported success rate of up to 50%, but has not been specifically tested in the ICU
population.®" Given its effects on repolarization, ibutilide can significantly prolong

Table 3

Dosing for atrial fibrillation pharmacologic cardioversion
Medication Dose

Ibutilide <60 kg: 0.01 mg/kg intravenously (IV) over 10 min

>60 kg: 1 mg IV over 10 min
May repeat once if arrhythmia does not terminate

Amiodarone 150 mg IV over 10 min, then IV drip 1 mg/min for 6 h followed by 0.5 mg/min

for 18 h (total 1.05 g over 24 h)
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the QT interval and provoke torsades de pointes, which has been reported in up to
3.9% of cases.®?3 The risk of torsades de pointes is higher (and should therefore
be avoided) in patients with heart failure, prolonged QT interval at baseline, or hypo-
kalemia.®* Ibutilide can facilitate electrical cardioversion, but this has not been specif-
ically tested in the ICU setting.3® Amiodarone is often the preferred agent in the ICU
setting, particularly in patients with depressed ejection fractions given its better safety
profile in this population. In the acute setting, amiodarone may provide rate control
and can be used for longer-term rhythm control, as it has been shown to decrease
AF recurrence.®6:%7

More than 50% of episodes of AF convert spontaneously without specific antiar-
rhythmic intervention within the first 72 hours,*® and cardioversion may not be necessary
unless symptoms are distressing. Management of AF in the hemodynamically stable pa-
tient focuses on adequate control of ventricular rate, and management of the underlying
cardiac substrate and any coexisting conditions that could be contributing to the
arrhythmia. In the ICU setting where ongoing illnesses may dominate the clinical picture,
maintenance of sinus rhythm after cardioversion may be impossible even with antiar-
rhythmic medications, and a strategy of rate control may be needed.94°

Acute rate control can be achieved with numerous drugs (Table 4). 3-Blockers are
particularly effective when adrenergic/sympathetic tone is elevated, such as in the
postoperative period. Metoprolol may be initiated as intravenous boluses (up to
15 mg total within a 15-minute period) and followed by oral doses when rate control
is achieved. The short half-life of intravenous esmolol makes it a good option in pa-
tients at risk for hemodynamic instability. In patients who cannot tolerate B-blockers
or do not achieve adequate ventricular rate control, nondihydropyridine calcium-
channel blockers such as diltiazem or verapamil may be used. However, calcium-
channel blockers should be avoided in patients with heart failure and reduced ejection
fraction, given their negative inotropic effects and potential to worsen hemodynamics.
Alternatively, digoxin may be considered for use in patients with heart failure and mar-
ginal blood pressures. It should be used cautiously in patients with renal insufficiency,
and has a relatively delayed onset of action (at least 1 hour), which is why it is not usu-
ally a first-line agent for rate control. Amiodarone may also cause slowing of the ven-
tricular rate via its B-blocking and calcium-channel-blocking effects, and may provide
better rate control than other agents.*!

Magnesium has been shown to prevent the development of AF in some instances,
and may have a synergistic effect when used with amiodarone for the suppression of
AF.“2 A combination of the aforementioned drugs may be used if a single class is

Table 4
Drugs for rate control in atrial fibrillation
Medication Dose
B-Blockers
Metoprolol 2.5-5 mg IV over 2-5 min (up to 15 mg in 15 min)
Esmolol 0.5 mg/kg IV over 1 min, then IV drip 50-200 pg/kg/min
Calcium-Channel Blockers
Diltiazem 0.25 mg/kg IV over 2 min, then IV drip 5-15 mg/h
Verapamil 0.075-0.15 mg/kg IV over 2 min
Digoxin 0.25 mg IV every 2 h (up to 1.5 mg in 24 h)
Amiodarone 150 mg IV over 10 min, then IV drip 1 mg/min for 6 h followed by

0.5 mg/min for 18 h (total 1.05 g over 24 h)
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unable to adequately control the ventricular rate, but these patients must be very
closely monitored because they are at increased risk for cumulative adverse effects,
namely bradycardia and heart block.

In patients with WPW syndrome and AF, B-blockers should be used with caution, as
they may facilitate anterograde conduction down the accessory pathway.*® In AF with
preexcitation, intravenous procainamide or ibutilide may be used to restore sinus
rhythm.** However, intravenous amiodarone, adenosine, digoxin, or nondihydropyri-
dine calcium-channel antagonists may accelerate the ventricular rate, and these drugs
should be avoided.*®

Postoperative AF is reported in 30% to 40% of patients undergoing coronary artery
bypass surgery and in 60% of patients undergoing valve surgery, and usually appears
in the first 4 postoperative days.“® Risk factors include valvular surgery, advanced age,
and failure to resume B-blocker therapy after surgery. -Blockers are preferred for rate
control of AF in this setting.*” This arrhythmia is usually self-limited, and more than
90% of patients will convert to sinus rhythm within 6 to 8 weeks.*®

Strategies for anticoagulation in general are based on the risk of embolization in the
individual patient. This risk is generally calculated according to known risk factors for
systemic embolization as described in the CHA,DS,-VASc score classification of risk
(Table 5).%° The annual risk for stroke is based on the total score calculated based on
identified risk factors (Table 6).°° In general, for patients with prior stroke, TIA, or
CHA,DS,-VASCc score of 2 or higher, oral anticoagulants are recommended. Oral anti-
coagulant options include warfarin, dabigitran, apixiban, and rivaroxiban.®'->* The de-
cision to anticoagulate any patient must be weighed against the risk of bleeding. In the
general population, the HAS-Bled score can be calculated, with 1 point ascribed to
risk factors for bleeding including hypertension, abnormal liver or renal function, his-
tory of stroke or bleeding, labile international normalized ratios, elderly age (>65 years),
use of drugs that promote bleeding, or excess alcohol. Patients with a HAS-Bled score
of 3 or greater are considered to be at high risk for bleeding while anticoagulated.®®
Patients in the ICU may be at particular risk for bleeding because of their underlying
medical conditions, polypharmacy, and altered metabolism; in general, if anticoagula-
tion is deemed necessary based on the CHA,DS,-VASc score, extreme caution
should be used.

Atrial Flutter

Although the two are often seen in the same patient, atrial flutter is an arrhythmia
distinct from AF. The incidence of atrial flutter is lower than that of AF in the ICU

Table 5
CHA,DS,-VASc score classification of risk

CHA,DS,-VASc Clinical Predictor Score
Congestive heart failure, decreased ejection fraction

Hypertension
Age >75y
Diabetes mellitus

Vascular disease (prior myocardial infarction, peripheral arterial disease)

Stroke/transient ischemic attack
Age 65-74y
Sex: female

O l|l= =N ]=N]|=|=

Maximum potential score
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Table 6

Stroke risk stratification associated with CHA,DS,-VASc score
CHA,DS,-VASc Score Adjusted Stroke Rate (%/y)
0 0

1 1.3
2 2.2
3 3.2
4 4.0
5 6.7
6 9.8
7 9.6
8 6.7
9 15.2

population, and in the study by Reinelt and colleagues’® atrial flutter accounted for
3.6% of arrhythmia episodes. Management concerns and anticoagulation for atrial
flutter are similar to those for AF. It can be more difficult to achieve rate control in atrial
flutter than in AF, because fewer wavefronts penetrate the AV node in flutter in com-
parison with fibrillation, resulting in less suppression of AV-node conduction in
flutter.%® However, drug management is similar to that already described.

Atrial flutter is a macro-reentrant arrhythmia that registers a sawtooth pattern on the
electrocardiogram (ECG) (Fig. 4). Typical flutter involves a macro-reentrant loop in the
right atrium traversing from inferior to superior, resulting in negative waves in the infe-
rior leads and positive flutter waves in V1. Atrial rates in typical flutter range from 240 to
300 beats per minute.®” The degree of AV block varies, and with rapid A to V conduc-
tion the rhythm may be more difficult to determine until AV block is achieved with
medication. In the ICU setting where sympathetic tone can be high or where sympa-
thomimetic drugs are in use, ventricular rates may be rapid, as these situations favor
enhanced AV conduction. Adenosine can facilitate unmasking of the underlying flutter
waves. Adenosine results in transient block in the AV node but does not affect the
flutter circuit itself. As with AF, adenosine should not be used in any case where there

i e A e e e o At A T e o s b Y b e At A A S AR S Y
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Fig. 4. Typical counterclockwise atrial flutter with characteristic sawtooth pattern of flutter
waves.
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is a question of anomalous AV conduction such as in WPW syndrome. The blockade
of the AV node may permit conduction of electrical impulses unopposed down a
rapidly anterograde conducting accessory pathway, which can result in VF.*°

In some instances, the flutter wave can be reversed and result in a clockwise circuit
in the right atrium, which gives rise to positive flutter waves in the inferior leads (I, IlI,
and aVf) and a negative flutter in V1. It can be difficult to determine the circuitry in some
instances of flutter, and perhaps a better descriptive term for these rhythms is nonca-
votricuspid isthmus dependent macro-reentrant atrial tachycardia. These rhythms can
arise in the left atrium and may be quite complex, and can occur in the setting of prior
ablation procedures or following cardiac surgery.>” Management in the acute setting
remains the same. Acute cardioversion of atrial flutter can require lower energies than
are used for AF, and ibutilide can result in conversion to sinus rhythm in 38% to 76% of
patients.58

Supraventricular Tachycardias

Among the SVTs there are essentially 3 types based on their anatomic origins: sinus
node dependent (eg, sinus tachycardia, sinus node reentry, inappropriate sinus tachy-
cardia); atrial dependent (eg, atrial flutter/fibrillation [see earlier discussion], atrial
tachycardia); AV-node dependent (eg, AVNRT, AVRT [accessory pathway involved
in circuit], junctional tachycardia).

For the patient presenting with a narrow complex tachycardia, the administration of
an AV nodal blocking agent such as adenosine can prove useful both therapeutically
and diagnostically. Adenosine would be expected to terminate (at least temporarily)
SVTs that are AV-node dependent. Rarely will an automatic atrial tachycardia termi-
nate with adenosine, and other non-AV-node dependent SVTs will be unmasked as
the AV node is blocked, permitting visualization of the underlying atrial activity
(Fig. 5).%° Certain conditions may exist in the ICU patient that would interfere with
adenosine usage. For example, methylxanthines have adenosine receptor antagonist
activity and may render the patient less sensitive to adenosine. Adenosine must be
used with caution in patients with reactive airway disease, as it can provoke broncho-
spasm. Dipyridamole can block adenosine transport back into the cell and can
enhance the response to adenosine (Fig. 6).

AV-node dependent arrhythmias
AVNRT is much more common than AVRT. If these arrhythmias prove refractory to
adenosine or if they recur after adenosine administration, further suppression may
be needed. For either termination or suppression, nondihydropyridine calcium-
channel blockers or B-blockers may be used. Digoxin is of limited utility because of
its delayed onset of action. Use of these drugs is with caution in the patient with overt
preexcitation. Nondihydropyridine calcium-channel blockers and B-blockers may
destabilize the patient because of their potential hypotensive effects, and should
not be used for acute conversion in the hemodynamically compromised patient. Pri-
mary antiarrhythmics can cause hypotension and may have proarrhythmic effects,
and should be avoided unless AV nodal blocking agents are ineffective and cardiover-
sion cannot be done. Potential antiarrhythmics that can be considered include amio-
darone, sotalol, procainamide, flecainide, disopyramide, or propafenone.®® For
patients with depressed left ventricular function, amiodarone, B-blockers, and digoxin
may be preferred.

Junctional tachycardia typically arises as a result of enhanced automaticity, and
may occur in the ICU setting as a result of digitalis toxicity or excessive use of exog-
enous catecholamines. These inciting/exacerbating agents should be withdrawn.
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Fig. 5. (A) Narrow complex tachycardia of unclear mechanism. (B) After adenosine adminis-
tration, underlying atrial tachycardia is unmasked.

Cardioversion is ineffective in converting junctional tachycardia related to increased
automaticity, and may be harmful if the junctional tachycardia is caused by digitalis
toxicity. If the arrhythmia persists despite removal of the inciting agents(s), the choice
of medical therapy will depend on the underlying cardiac function. For patients with
preserved ejection fraction, choices may include amiodarone, B-blockers, or nondihy-
dropyridine calcium-channel blockers. For those with depressed function, amiodar-
one is preferred.

Atrial-dependent arrhythmia

A regular atrial tachycardia can occur from an ectopic atrial focus as a result of
enhanced automaticity, and in the ICU setting this may be related to stimulant drugs
used (eg, catecholamines) or to pulmonary disease. These arrhythmias are best
treated by correcting the underlying cause, as cardioversion has no role. Before initi-
ating specific treatment, it is important to determine whether there is any hemody-
namic compromise related to the rhythm itself rather than the patient’s underlying
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DIAGNOSTIC ALGORITHM FOR NARROW QRS TACHYCARDIA
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Fig. 6. Diagnostic algorithm for narrow QRS tachycardia. AFIB, atrial fibrillation; AFL, atrial
flutter; AT, atrial tachycardia; AV, atrioventricular; AVNRT, AV nodal reentrant tachycardia;
AVRT, AV reentrant tachycardia; MAT, multifocal atrial tachycardia; ST, sinus tachycardia.

medical condition. If drug therapy is deemed necessary, the choice of agent will be
similar to that described earlier for AV nodal dependent arrhythmias, and will depend
on the integrity of myocardial function and the presence or absence (and severity) of
pulmonary disease. In the patient with preserved ejection fraction without other
contraindications, amiodarone, nondihydropyridine calcium-channel blockers, or
B-blockers may be used. In the patient with preserved ejection fraction, no absolute
contraindications, and multifocal atrial tachycardia (MAT) (Fig. 7), the therapeutic op-
tions are the same.®" MAT is typically associated with underlying pulmonary disease
and is characterized by the identification of 3 or more separate P-wave morphologies
in a rapid irregular rhythm. Medications may achieve clinical benefit as a result of their
suppression of AV-node conduction and slowing of heart rate, rather than arrhythmia
suppression. In patients with depressed ejection fraction, medication choices include
amiodarone, B-blockers, and digoxin.

Sinus node-dependent arrhythmia

Sinus tachycardia occurs typically in response to the underlying medical problem, and
correction depends on identifying and correcting possible causes (eg, fever, sepsis,
pulmonary embolism, blood loss). Sinoatrial nodal reentrant tachycardia (SANRT) is
a difficult diagnosis to make clinically. Technically this rhythm falls into the category
of a macro-reentrant atrial arrhythmia involving the sinus node. Typical rates are in
the range of 100 to 150 beats/min, and the P-wave is identical to that seen in sinus
rhythm, often with underlying structural heart disease.®>® Like other reentrant ar-
rhythmias, onset and offset are often abrupt, and episodes may last for hours.



Managing Arrhythmias in the ICU

| f | |
|l AL A0 o AAAA N VA o A = atbha foth {8 ( AL A A e s
1 aVR Vi V4

| | L
|
’ |
| a |
/\,\,\P’\l\"\”\'w".“\f"‘/\"‘"-"""A“""‘\--“-r-’“/‘""l IANLALAY [PZR SN | S
1 !

AVL | L g V2 Vs

A A B W Vit

f | |
AW\W“A‘V‘,”\kJV\NdwaW\‘wg f
u ' avE V3

Fig. 7. Multifocal atrial tachycardia characterized by multiple (>3) P-wave morphologies.

Adenosine can terminate SANRT, and suppression can sometimes be achieved with
verapamil or amiodarone.®*%°

Wide Complex Tachycardias

Wide complex tachycardias can be of either supraventricular or ventricular origin.
There are several well-published guidelines for electrocardiographic distinction that
can be helpful (Box 5). When possible, it is extremely useful to obtain the baseline
ECG to determine whether there is a preexistent conduction abnormality. In general,
aberration of an SVT in a patient without an underlying conduction abnormality will
electrocardiographically appear more like a typical bundle branch block morphology.
In patients with an underlying conduction abnormality, the QRS complex will appear
similar to the baseline morphology, but may be wider owing to rate-related conduction
delays. Virtually any SVT with intact AV nodal conduction can result in a wide complex
tachycardia. The presence of AV dissociation is a strong indicator that the rhythm is of
ventricular origin.

In patients with WPW syndrome, the most common tachycardia is orthodromic AV
reentry (electrical impulse traveling anterograde down the AV node and retrograde up
the accessory pathway). In some patients with WPW syndrome, an antidromic AV
reentrant arrhythmia can occur (down the accessory pathway and up the AV node)
(Fig. 8). The ECG will appear wide and the morphology will not appear as a typical

Box 5
Wide complex tachycardia is more likely ventricular tachycardia if...

e Atrioventricular dissociation

e Very wide QRS (>160 milliseconds if left bundle branch block, >140 milliseconds if right
bundle branch block)

e Bizarre QRS morphology

e Abnormal axis (“NW axis")

e Concordance across precordial leads
e Capture beats

e Fusion beats
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via a posteroseptal accessory pathway and retrograde conduction via the AV node.

bundle branch block, and may be difficult to distinguish from VT. AF in the patient with
WPW may appear wide and bizarre if anterograde conduction is present. A hallmark of
preexcited AF is the capacity to (in some cases where the properties of the pathway
permit) conduct at very rapid rates and to have varying morphologies as more, or less
of the impulse travels anterograde to the ventricle down the accessory pathway.

In a patient with a cardiac implanted electrical device (pacemaker or defibrillator), a
wide complex tachycardia can occur under a variety of situations, including (1) true su-
perseding arrhythmia unrelated to the device or (2) device involvement in the rhythm.
Examples of device-related tachycardias can include ventricular tracking of a rapid
atrial rate (eg, AF, atrial flutter, or sinus tachycardia) or pacemaker-mediated tachy-
cardia. The latter usually results when there is loss of atrial capture but intact ventric-
ular capture, followed by retrograde atrial activation through an intact AV node and
subsequent ventricular pacing based on the sensed atrial event. Most devices can
be programmed to avoid or terminate these rapid rhythms, and application of a mag-
net will terminate pacemaker-mediated tachycardia. Device interrogation is critical to
determining the nature of the rhythm and taking corrective steps.

The other major cause of wide complex tachycardia is, of course, VT which ac-
counts for 80% of wide complex tachycardias.®® Although there may be clinical clues
as to whether the rhythm is of supraventricular, or ventricular origin, it is not wise to rely
on the apparent stability of the patient to make the distinction. VT should be suspected
in the patient with underlying heart disease, such as cardiomyopathy, prior myocardial
infarction, or valvular heart disease. In the postinfarct patient, 90% of cases of wide
complex tachycardia will be VT, and this should be considered the diagnosis of exclu-
sion.®” Despite several algorithms available for distinguishing VT from SVT, it is often
difficult in the acute setting to determine the origin of wide complex tachycardias
(Fig. 9).58

The acute management of the patient with wide complex tachycardia will depend on
the clinical stability of the patient. Unless it is known with certainty that the patient has
a preexisting conduction defect, and that the rapid rhythm is morphologically the
same as the sinus ECG, adenosine should only be used with extreme caution. In
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DIAGNOSTIC ALGORITHM FOR WIDE QRS TACHYCARDIA
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Fig. 9. Diagnostic algorithm for wide QRS tachycardia. AFIB, atrial fibrillation; AFL, atrial
flutter; AT, atrial tachycardia; AV, atrioventricular; AVNRT, AV nodal reentrant tachycardia;
AVRT, AV reentrant tachycardia; MAT, multifocal atrial tachycardia; ST, sinus tachycardia;
VT, ventricular tachycardia. * Use caution with adenosine if there is possible VT.

preexcited arrhythmias (antidromic AVRT or preexcited AF), adenosine will not block
the accessory pathway (and may even enhance its conduction) but may block the AV
node, leaving anterograde conduction down the accessory pathway unopposed, and
placing the patient at risk for degeneration to VF.®° Patients with a wide complex
tachycardia may appear hemodynamically stable, but the acute vasodilatory effect
of adenosine may destabilize the patient in VT, and not terminate the abnormal
rhythm.”°

If the patient presents with hemodynamically stable wide complex tachycardia, use
of an antiarrhythmic may be considered, recognizing that an apparently stable patient
may decompensate rapidly either owing to the duration of the rhythm or to the hemo-
dynamic effects of drugs. As with adenosine, drugs that are appropriate for SVT both
diagnostically and for therapy such as B-blockers or nondihydropyridine calcium-
channel blockers may cause rapid clinical deterioration in the patient with VT.%® Acute
administration of these drugs should be avoided in wide complex tachycardia of un-
certain mechanism. If the patient is stable enough, steps should be taken to best
determine the mechanism of the arrhythmia to better target the most appropriate
treatment. Useful steps include evaluation of the baseline ECG, determining the likeli-
hood of VT versus SVT with aberration based on the clinical history (assume VT in the
postinfarct patient), determining prior episodes of arrhythmia, reviewing telemetry
strips if available for prior nonsustained arrhythmias, and determining family history
for potentially hereditary conditions such as WPW syndrome or channelopathies.
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If the patient has hemodynamically unstable wide complex tachycardia, immediate
steps should be taken toward cardioversion. Depending on patient stability, adminis-
tration of analgesics or sedatives may be prudent. Extreme care must be taken to
avoid clinical deterioration related to these drugs. Intravenous access, continuous
monitoring, and supplemental oxygen should be in place before synchronous cardio-
version. Although lower energies may convert atrial arrhythmias, it is the authors’ prac-
tice to use higher energy levels immediately, rather than titrating upwards.

After initial stabilization, a thorough evaluation for underlying causes such as elec-
trolyte imbalance, drug toxicity, ischemia, or catecholamine excess should be under-
taken and remediable causes treated. In the event of recurrent VT or wide complex
tachycardia of uncertain mechanism, antiarrhythmic therapy will likely be needed
(Table 7). Amiodarone is typically the drug of choice (other than in cases of WPW)
because of its superior efficacy. If WPW is suspected, procainamide may be an appro-
priate agent, as it can block the accessory pathway. Procainamide can be useful for
SVT and VT, but its utility is limited by its tendency to induce hypotension. Lidocaine
is also an appropriate agent but will not benefit most patients in whom the mechanism
is SVT, owing to its lack of effect on atrial and AV nodal tissue. Lidocaine can slow or
block accessory pathway conduction and can affect distal conduction.

Monomorphic VT

Most cases of monomorphic VT occur in the presence of underlying heart disease; the
mechanism is typically reentry, as described earlier, and depends on discrepancies in
conduction and refractoriness within the ventricular myocardium, usually in border
zones of damaged and normal tissue. The characteristic appearance of this VT is of
uniform QRS morphology. As with all arrhythmias, identification of underlying or exac-
erbating conditions is required. Similarly to the strategy described earlier, manage-
ment is based on the stability or instability of the patient at the time of the
arrhythmia. When drug therapy is needed, amiodarone and B-blockers are the
preferred agents.”’”2 Lidocaine may also be used.”® In general, agents that can
compromise hemodynamics such as sotalol or intravenous procainamide should be
avoided in the ICU patient unless the patient is completely hemodynamically stable.
Long-term suppression depends on definitive correction, where possible, of reversible
causes, and removal of inciting agents such as pressors.

Polymorphic VT

The hallmark electrocardiographically of PMVT is beat-to-beat variation in the QRS
morphology. The mechanism of PMVT is different from monomorphic VT and is often
hemodynamically unstable, and sustained episodes require urgent cardioversion.

Table 7

Drugs for wide complex tachycardia

Medication Dose

Amiodarone 150 mg IV over 10 min, may repeat every 10 min as needed; then IV drip

1 mg/min for 6 h followed by 0.5 mg/min for 18 h (max. cumulative dose
2.2 g over 24 h)

Procainamide 15-18 mg/kg over 25-30 min or 100 mg given no faster than 50 mg/min, may
repeat every 5 min (max. cumulative dose 1 g); then IV drip 1-4 mg/min

Lidocaine 1-1.5 mg/kg 1V, may repeat 0.5-0.75 mg/kg every 5-10 min (max. cumulative
dose 3 mg/kg); then IV drip 1-4 mg/min
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PMVT may occur in the setting of either normal or long QT, and the baseline ECG
should be evaluated to determine the QTc interval.

When seen in the setting of long QT, PMVT is termed torsades de pointes, and the
approach is directed at correction of the QT (Fig. 10). Long QT can be hereditary or
associated with several drug toxicities. In the setting of a congenital channelopathy
associated long QT, torsades de pointes in more often associated with accelerated si-
nus rates with lengthening or inappropriate shortening of the QT interval. In acquired
long QT torsades de pointes is often pause dependent, with further prolongation of the
QT interval after the pause. In these instances, overdrive pacing and isoproterenol
may be effective at arrhythmia suppression. Intravenous magnesium can also be
effective at improving rhythm control in the patient with PMVT either with or without
long QT, and correction of hypokalemia is critical.”*"®

PMVT with normal QT is often associated with myocardial ischemia, which needs to
be rapidly identified and corrected. This approach may require urgent cardiac cathe-
terization and revascularization. Amiodarone and B-blockers may be effective for
arrhythmia suppression.

Electrical Storm Recurrent VT/VF or ICD Discharges

Extreme electrical instability with recurrent episodes of VT or VF is infrequent and is
typically seen in settings such as patients with acute myocardial ischemia or drug
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Fig. 10. (A) Sinus tachycardia with marked QT prolongation in a patient with Takotsubo car-
diomyopathy. (B) Onset of torsades de pointes.
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toxicity (including alcohol), and acute or worsened heart failure in patients with cardio-
myopathy.”®"® Less frequently, the patient will have an underlying primary electrical
cause such as Brugada syndrome or long-QT syndrome. By definition, electrical storm
exists when there are 3 or more episodes of VT or VF or appropriate discharges from
an implanted cardioverter-defibrillator (ICD) in a 24-hour period.”® As always, device
interrogation is mandatory to ensure that the shocks are clinically appropriate and
that the device is functioning normally. Among patients with implanted ICDs, the inci-
dence of electrical storm may be 10% to 20%.”” Gaining control of the arrhythmia is
paramount given the potentially life-threatening nature of the arrhythmia itself, in addi-
tion to the potential long-term deleterious effects of multiple ICD therapies in the ICD
patient population.”®

The initial therapy is directed at identifying and correcting any potential underlying
mechanism such as hypokalemia, other electrolyte imbalances, ischemia, worsening
heart failure, or other remediable factors.”® The pharmacologic agents that are most
useful in electrical storm are amiodarone and B-blockers.”>"® During cardiac arrest
or electrical storms, the sympathetic nervous system is activated, and B-blockers
are often very effective at suppressing recurrent VT/VF.2° For the patient with an
ICD, reprogramming the device to maximize attempts at pace termination rather
than shocks, prolonging the time before ICD discharge, and other changes may be
helpful acutely. For the ICD recipient who has repeated shocks despite optimization
of medical therapy and device reprogramming, radiofrequency ablation may be
considered, recognizing that the procedure is not without risk.®’

In some cases, particularly where arrhythmia is pause dependent or in the setting of
long QT, overdrive pacing with a temporary pacemaker may suppress the arrhythmia.
The utility of isoproterenol for VT/VF suppression is limited to those patients with pri-
mary electrical abnormalities such as Brugada syndrome or long-QT syndrome.®?
Long-term management of the patient with electrical storm is directed toward maxi-
mizing therapy for heart failure, definitive ischemia correction through revasculariza-
tion where feasible, and reducing risk for future events through optimization of
electrolytes and other metabolic parameters.

Bradyarrhythmias

In the ICU setting, bradyarrhythmias are often the result of medical conditions, med-
ications, or respiratory status (see earlier discussion on mechanisms). As such, many
causes of bradycardia or heart block are anticipated to be reversible in the ICU setting.
However, in situations where recurrent bradycardia is compromising the patient or
impeding care, temporary pacing may be required. For very rare episodes of symp-
tomatic pauses or if a definite need for transvenous pacing has not been established,
external transcutaneous pacing is available. Another indication for transcutaneous
pacing might be during right heart manipulation (eg, placement of right heart catheter)
in a patient with an underlying left bundle branch block. Long-term or continuous
transcutaneous pacing is not appropriate, as this form of pacing can be unreliable
and painful.

Temporary transvenous right ventricular pacing can usually be accomplished at the
bedside in the ICU without the use of fluoroscopy. If dual-chamber pacing is required
(eg, patient does not tolerate right ventricular pacing, for overdrive suppression of
atrial arrhythmias), placement of a right atrial lead is facilitated with the use of
fluoroscopy.

Many postoperative cardiac patients will have epicardial leads placed at the time of
surgery. A variety of temporary pacing electrodes are available for transvenous inser-
tion, including a balloon-tipped catheter that is easiest for bedside insertion, but is
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more likely to become dislodged and not optimal in the setting of cardiac arrest
whereby forward flow is absent. Temporary screw-in leads are fairly reliable but
require fluoroscopy for placement. Transvenous access from the right subclavian or
internal jugular vein is preferred for ease of lead placement, patient comfort, and ste-
rility. Careful site management is required to avoid contamination, and leads may be
left in for 7to 10 days.

In the setting of acute myocardial infarction, temporary pacing is indicated for
symptomatic bradyarrhythmias unresponsive to medical treatment.83

Special Circumstances: Patient with Ventricular Assist Device

The use of ventricular assist devices is becoming more common in patients with
advanced heart failure, either as destination therapy or as a bridge to transplant. By
definition, these patients are inherently at risk for arrhythmias related to their underly-
ing cardiac disease, and the implantation of the assist device can create arrhythmic
foci in the ventricle. Even though the presence of the assist device may mitigate the
immediate compromise of a VA, left ventricular assist device flow may be decreased
and contribute can contribute to mortality.2* These patients may require advanced
techniques for arrhythmia management, such as cryoablation or radiofrequency
ablation.

SUMMARY

Cardiac arrhythmias are common in the ICU, and can be either the initial reason for
admission to the ICU or a consequence of the medical condition. Exacerbating and
contributing factors are multiple, and management of the patient requires a careful
determination of these factors and correction where possible. Arrhythmias in the
ICU are associated with short-term and long-term consequences. Such arrhythmias
may occur in patients with underlying cardiac and pulmonary disease, but can occur
in the medically ill or postoperative patient regardless of underlying pathology. A step-
wise approach facilitates care.

1. Determine whether the patient is compromised by the arrhythmia as opposed to
the underlying condition.

. Aggressively manage life-threatening arrhythmias as per ACLS guidelines.

. Determine the nature of the arrhythmia: what am | treating?

. Determine underlying causes and identify correctable causes.

. Determine appropriate drug therapy based on clinical condition.
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