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ABSTRACT

Arrhythmias are common during the perioperative period. These abnormal rhythms can
alter the hemodynamics by reducing cardiac output and may contribute to an increase in
morbidity and mortality. Early diagnosis and identification of correctable causes is essential for
appropriate management of arrhythmias. Some of these arrhythmias are benign requiring no
intervention, while others may need urgent therapeutic intervention. This article focuses on
the diagnosis and management of arrhythmias in the perioperative setting.
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INTRODUCTION

The reported incidence of perioperative
arrhythmias vary according to the nature of surgery,
underlying co-morbidities and type of monitoring
(continuous vs non-continuous) employed. It
can be as high as 90% in patients with underlying
structural heart disease undergoing cardiothoracic
surgery with continuous monitoring (pre, intra
and postoperative).!* Majority of perioperative
arrhythmias are supraventricular in origin with
sinus tachycardia being the most common followed
by atrial fibrillation as the most frequent in general
surgical as well as cardio-thoracic surgery patients.>*
After atrial fibrillation, ventricular premature
complexes (VPC) is the next commonly observed
arrhythmia.> The arrhythmias can lead to an
increase in perioperative morbidity and mortality.
The tachyarrhythmias may cause hypotension by
reducing cardiac output secondary to reduced
diastolic filling time. The increase in heart rate

increases myocardial oxygen demand. This increase
in demand coupled with reduced supply due
to hypotension may cause myocardial ischemia.
Bradyarrhythmias may also cause a reduction in
cardiac output in patients with a relatively fixed
stroke volume. The loss of atrial contraction (atrial
fibrillation) may reduce diastolic filling resulting in
a marked increase in pulmonary venous pressures
in patients with diastolic dysfunction.? In adults,
the most effective combination of heart rate and
ventricular filling time is approximately 100-110
beats/min.°

Factors predisposing to perioperative arrbythmias

Perioperative arrhythmias occur in patients with
underlying heart disease (ischemic or valvular
heart disease, cardiomyopathy, heart failure),
electrolyte or acid-base disorder (hypokalemia,

hyperkalemia, hypomagnesemia, hypercalcemia,
acidosis), endocrine disorder (thyrotoxicosis,
pheochromocytoma), intracranial bleed
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(subarachnoid hemorrhage) or drug effects
(digoxin, beta blockers, calcium channel blockers,
theophylline, antidepressants).? The intraoperative
factors predisposing to arrhythmias include
hypoxemia, hypercarbia, hypothermia, volatile
anesthetics, inadequate depth of anesthesia, traction
on extra-ocular muscles during squint surgery,
traction on peritoneum, carotid sinus manipulation
during neck dissection and mechanical stimulation
of heart during chest tube, central venous or
pulmonary artery catheter placement.”

THE CONDUCTION SYSTEM OF THE
HEART

The primary pacemaker of the heart is the sinoatrial
(SA) node. The SA node is located just beneath the
epicardium in the upper part of the right atrium,
at its junction with the superior vena cava. It is
about 1-2 cm in length and extends along the crista
terminalis.® The pacemaker’s automaticity (ability
to generate an impulse without being stimulated)
is attributed to the spontaneous phase-4 diastolic
depolarization of the cardiac action potential.®
This depolarization spreads from the right atrium
through preferential pathways called the anterior,
middle and posterior internodal tracts to the
atrioventricular (AV) node located in the right
atrium just above the septal leaflet of the tricuspid
valve.® The depolarization spreads between the two
atria via another preferential pathway known as
Bachmann’s bundle.!® The only route for impulse
transmission from the atria to the ventricle is
through the AV node or an abnormal accessory
pathway (a strand of myocardium between the
atria and the ventricles). The impulse is delayed in
the AV node allowing both atria to empty out into
ventricles. The impulse is then rapidly conducted
down the bundle of His which divides at the upper
part of the interventricular septum into right and
left bundle branches.® The right and the left bundle
branches are located on the respective side of the
interventricular septum. The left bundle subdivides
into an anterior and a posterior fascicle. The left
and right bundle branches carry the impulses down
to the terminal Purkinje fibres at the apex of the
ventricles: rapidly spreading the impulse to the
entire ventricular myocardium from the apex of the
heart towards its base. The intrinsic rate of impulse
generation, and thus the ability to determine the
heart rate, is fastest with the SA node followed
by the AV node, bundle of His and slowest in the
Purkinje fibres.

The electrocardiography diagnostic terms used
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in this article conform to the guidelines for the
standardization and interpretation of the ECG
by the American Heart Association, the American
College of Cardiology and the Heart Rhythm
Society.'!

SINUS NODE RHYTHMS AND
ARRHYTHMIAS

The rhythm is said to be sinus when it originates in
the SA node. The sinus rhythm is characterized by
presence of normal P waves (rounded in shape, 80-
110 ms in duration) with a normal P-axis between
+15° to +75° (positive P waves in leads I and II
and negative P waves in aVR).!? The sinus P waves
are biphasic in leads V1 and V2 but their initial
deflection has to be positive.

Sinus tachycardia

The ECG shows sinus rhythm but with a heart rate
greater than 100 beats/minute. Sinus tachycardia is
the most common arrhythmia in the perioperative
period* and is commonly caused by increased
sympathetic activity secondary to pain, anxiety,
hypovolemia, fever, anemia, hypoxia, hypercarbia,
low cardiac output states,’ sepsis and thyrotoxicosis.
It may also be secondary to drugs like atropine,
epinephrine, dopamine, dobutamine, ephedrine,
aminophylline and salbutamol. Management
involves correcting the underlying cause. Sinus
tachycardia is generally benign but in patients with
ischemic heart disease (IHD) myocardial ischemia
may be precipitated due to increased myocardial
oxygen demand induced by increased heart rate. In
such patients, beta blockers like metoprolol (2.5-5
mg IV repeated every two minutes if required, to a
total of 15 mg) can be used to slow the heart rate.*°

Sinus bradycardia

The ECG shows characteristics of sinus rhythm but
with a heart rate of less than 60 beats/min. The
bradycardia may cause a drop in cardiac output
and hypotension. Physiological sinus bradycardia
is commonly seen by in young healthy individuals,
especially trained athletes. Pathological causes of
sinus bradycardia include increased vagal tone pain,
nausea, vasovagal and carotid sinus syndromes,?
hypoxemia, hypothermia, hypothyroidism, raised
intracranial pressure and drugs like beta blockers,
calcium channel blockers, amiodarone, digoxin,
opioids, neostigmine, lithium and amitriptyline.*
Bradycardia without hypotension does not require
any treatment. When associated with hypotension or
low cardiac output, the heart rate may be increased
with antimuscarinic or beta agonist drugs:
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atropine 0.5 mg IV boluses to a total of 3 mg or
glycopyrrolate 0.1 mg IV bolus repeated every
2-3 min if required. '

adrenaline or isoprenaline infusion at 2-10 mcg/
min titrated to response.’’

Dopamine at 2-10 mcg/kg/min titrated to
response.’®

Concurrently reversible causes of bradycardia are
addressed. External trans-thoracic, esophageal or
temporary transvenous pacing may be needed if
there is no response to the above.

Sinus arrbythmia

The ECG shows characteristics of sinus rhythm
but with variable P-P interval (the duration
between two successive P waves), the variability
exceeding 160 ms. This is attributable to the
respiratory dependent changes in heart rate, the
rate increases during inspiration and decreases
during expiration.'® This rhythm is commonly seen
in young healthy individuals and does not require
any treatment. Intraoperatively, sinus arrhythmia
has been suggested as a sign of light anesthesia.'”

Sinoatrial (SA) block and sinus arrest

These rhythms may be seen with myocardial
ischemia and infarction especially inferior
wall myocardial infarction (MI), myocarditis,
pericarditis, degenerative changes in SA node with
aging and infiltration (amyloidosis, sarcoidosis,
hemochromatosis) involving the SA node. The
rhythms may also be drug induced secondary to
digoxin, beta blockers, calcium channel blockers,
amiodarone or lithium therapy. Intraoperatively,
they may be due to increased vagal tone from
surgical stimulation or pain.

The SA node comprises of two types of specialized
cells, the pacemaker cells (P-cells) located in
the centre which initiate depolarization and the
transitional cells (T-cells) located peripherally
that transmit the depolarization from the P-cells
to the right atrial myocardium. ® In SA blocks,
depolarizations are initiated in the P-cells but
intermittently they fail to be conducted to the right
atrium resulting in a pause on ECG with no P-QRS
complex. The sinus rhythm usually resumes after
the pause. The SA block is of two types:

SA block type I: There is progressive delay in
conduction of impulse from P-cells to the atrial
myocardium ending with failure of conduction
giving a pause on ECG. It appears as irregular
rhythm with progressive shortening of P-P interval
followed by a pause which is less than twice the

preceding sinus P-P interval. The cycle then repeats
itself giving a visual impression of ‘group beating’
(clusters of PQRS complexes separated by pauses).'°

SA block type II: The P-P interval remains constant
during sinus rhythm until a P-QRS complex drops
abruptly producing a pause on ECG which is a
near exact multiple (> 2) of preceding P-P interval'®
(Figure 1).
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Figure 1: Sinoatrial block. After the first two complexes there is a
pause which is exactly twice the preceding P-P interval. (Obtained
from Holter monitoring)

The patients with asymptomatic sinoatrial blocks
usually do not require any treatment.

Sinus arrest (sinus pause)

The P-cells fail to initiate depolarization producing
a pause on ECG which can last from greater than
2 seconds to several minutes. The pause is not a
multiple of preceding P-P interval’ (Figure 2). The
pause is usually interrupted by an escape rhythm
taking over as the pacemaker. If the pause is
prolonged, syncope occurs. The initial management
is the same as that described above for sinus
bradycardia, but these patients may need temporary
transvenous pacing and have to be evaluated by a
cardiologist for permanent pacemaker insertion.
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Figure 2: Sinus arrest. After the first complex a sinus pause lasting
> 3 sec is seen. (Obtained from Holter monitoring)

SUPRAVENTRICULAR ARRHYTHMIAS
Atrial premature complexes (APCs)

Atrial premature complexes are commonly seen
and are usually benign and asymptomatic. They may
occur in normal subjects with anxiety, excessive
caffeine or alcohol intake. The impulse can originate
from an ectopic focus in either atrium. APCs are

S66 ANAESTH, PAIN & INTENSIVE CARE; VOL 20(SUPPLEMENT) OCTOBER 2016




best seen in leads IT and V1. As the name suggests,
an APC is premature occurring earlier than the next
expected sinus P wave (the distance between the
APC and the preceding P is less than the sinus P-P
interval). The morphology of the P-wave of APC
differs from the sinus P-wave. Since they occur
early, they may find the distal conducting tissue
in a refractory state. Thus, they may be conducted
after a delay resulting in a longer PR interval or
may fail to get conducted (non-conducted APC) in
which case no QRS complex follows. The P-wave
of APC may be superimposed on and distort the
shape of the preceding T-wave (Figure 3). The QRS
complex after the APC resembles the sinus rhythm
QRS. The most common cause of pauses in sinus
rhythm are non-conducted APCs."” Frequently
occurring APCs have the potential to give rise
to an atrial tachycardia. Generally, APCs do not
require treatment, if needed, beta blockers may be
employed.
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Figure 3: Atrial premature contraction. The fourth complex is
an APC. The P-wave is seen distorting the shape of the preceding
T-wave.

Junctional premature complexes (JPCs) and
Junctional rhythm

JPCs are premature in timing, occurring before
the next expected sinus beat. They originate at
the AV junction which includes AV node, bundle
of His and atrial wall and septum adjacent to the
annulus of AV valves.?’ The P-waves are conducted
retrogradely to the atria resulting in inverted P
waves in inferior leads (II, III, aVF). The P-waves
may be absent (buried in QRS), precede or follow
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the QRS complex.?! Since the impulse is transmitted
to the ventricles normally, the QRS complex that
follows is narrow resembling the sinus rhythm QRS.
The inherent pacing rate of AV junction is around
40-60 beats/minute, a junctional rhythm with a rate
faster than 60 but below 100 beats/minute is called
accelerated junctional rhythm (Figure 4). The same
rhythm occurring with a rate exceeding 100 beats/
min is called junctional tachycardia. The junctional
rhythm usually does not require any treatment but
in symptomatic patients beta blockers can be used
to suppress enhanced automaticity of the junctional
pacemaker.!
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Figure 4: Accelerated junctional rhythm. Inverted P-waves
following QRS complexes, distorting the T-wave. The rate is > 60

but < 100 beats/min

Ectopic atrial tachycardias

They may be unifocal or multifocal and can originate
from either atrium.

Unifocal ectopic atrial tachycardia is more
commonly seen in children. Ectopic atrial
tachycardia is frequently observed in critically ill
patients.' It is characterized by discrete P waves
of similar morphology with isoelectric segment
between P-waves. The isoelectric segment helps
in differentiating it from atrial flutter.?> The
P-wave precedes the QRS complex and the rate
is 120-250 beats/min and the rhythm is regular.??
This arrhythmia also occurs in digoxin toxicity
and in patients with past history of atrial surgery
(congenital heart diseases).*

Multifocal atrial tachycardia is typically seen
in patients with severe pulmonary disease, most
commonly chronic obstructive pulmonary disease
(COPD).22%.2425 [t is recognized by the presence of
three or more different P-wave morphologies with
variable PR-intervals. The rate exceeds 100 beats/
min and the rhythm is always irregular®* (Figure
5). It is frequently confused with atrial fibrillation.
The presence of P-waves and isoelectric segment
between P-waves differentiates it from atrial
fibrillation where the baseline is undulating.?
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Figure 5: Multifocal ectopic atrial tachycardia. Narrow QRS
complexes with an irregular rhythm. Three different P-wave

morphologies can be seen.

Methods for unmasking underlying atrial rhythm:*

a) Vagal maneuvers (carotid sinus massage for
5 sec or Valsalva maneuver for 15 sec) may
transiently reveal the underlying atrial rhythm
by slowing AV conduction.

b) Intravenous administration of adenosine
produces a transient AV block revealing the
underlying atrial rhythm. It can also terminate
the arrhythmia.

c¢) Using a modified ECG lead that accentuates
P waves e.g. S5 lead (negative electrode over
upper manubrium, positive electrode over
middle of right sternal border).

During vagal maneuvers and adenosine injection,
a continuous 12-lead ECG is recorded to look for
the underlying rhythm after the AV conduction has
been slowed by the above methods.?

Synchronized direct current (DC) cardioversion
is used for hemodynamically unstable patients
(hypotension, dyspnea, chest pain, altered
mentation). In hemodynamically stable patients,
AV nodal blocking agents (beta blockers, calcium
channel blockers) can terminate the arrhythmia or
control the ventricular rate. Commonly, calcium
channel blockers (verapamil) are used since beta
blockers may be contraindicated by the underlying
severe pulmonary disease.”? Simultaneously,
underlying pulmonary disease and electrolyte
abnormalities are optimized.?? Amiodarone, sotalol
and flecainide can convert the arrhythmia to sinus
rhythm.?

Supraventricular tachycardias (SVTs)

AV nodal reentrant tachycardia (AVNRT) and
AV reentrant tachycardia (AVRT) are commonly
referred to as paroxysmal SVTs because of their
abrupt onset.?> They occur in young subjects with
no underlying structural heart disease. AVNRT

S68

is the most common paroxysmal SVI and is
twice as common in females than males.?* Atrial
tachycardia and junctional tachycardia should also
be included in the differential diagnosis.?® SVTs are
characterized by a narrow-QRS, regular tachycardia
at 140-250/min usually with no visible P-waves.

AVNRT: Two distinct pathways exist within the AV
node: one with short refractory period and slow
conduction and the other with long refractory
period and fast conduction. AVNRT is usually
initiated by an APC. In the typical more common
type, slow-fast AVNRT the APC finds the fast
pathway refractory and is conducted down the
slow pathway to the ventricle and then up through
the fast pathway thus creating a reentry mechanism
and resultant tachycardia. Since the reentry
circuit is short (within AV node), the P-waves
are superimposed over the terminal QRS, giving
pseudo ‘S‘ waves (inverted P-waves) in inferior
leads and pseudo R-prime waves (positive P-waves)
in V1 resembling RBBB.? (Figure 6) Presence of a
notch in aVL is also a sensitive and specific criteria
for AVNRT.?” The R-P interval is < 70 ms.* A regular,
narrow-QRS tachycardia with no visible P-waves is
most likely AVNRT.??

: i 553, 5 s et O g -
Figure 6: Supraventricular tachycardia. Positive P-waves are
clearly seen preceding the T-waves and superimposed over ST-
segments in lead V5

AVRT: here the reentry circuit is longer (a separate
accessory pathway exists), the impulse takes longer
time to reenter atria, the inverted P-waves are
superimposed on T-waves giving a pointed shape
to T-waves.?® It is usually initiated by a ventricular
premature contraction (VPC). The QRS is usually
narrow but may appear wide due to the presence
of ‘delta’ wave (slurred upstroke of R-wave). The RP
interval is usually > 70 ms.

Management of paroxysmal SVTs: the acute
management of AVNRT and AVRT is the same.

ANAESTH, PAIN & INTENSIVE CARE; VOL 20(SUPPLEMENT) OCTOBER 2016



Unstable rhythm requires immediate synchronized
DC cardioversion.

In stable rhythms the following can be used: (Table

1Y)

* Vagal maneuvers may terminate the tachy-
arrhythmia.

* Adenosine: It can terminate the arrhythmia and
has a quick onset and an extremely short half-
life (10 sec). Adenosine can cause dyspnea, chest
tightness, and facial-flushing and should be
avoided in asthmatics** and WPW syndrome.

* IV Non-dihydropyridine calcium channel blockers
(verapamil, diltiazem)*

* IV beta-1 blockers (metoprolol, esmolol)*
Atrial fibrillation (AF)

This is one of the most frequent arrhythmia
during the postoperative period, especially after
cardiothoracic surgery. The peak incidence of
postoperative atrial fibrillation after open heart
surgery is noted on day three.? The risk of
postoperative atrial fibrillation increases nearly
3-fold when the preoperative ECG shows P-wave
duration > 110 ms.*° A new onset atrial fibrillation
in patients with severe sepsis increases the risk of
stroke and in-hospital mortality.®' Atrial fibrillation
can occur in patients with heart failure, ischemic
heart disease, mitral valve disease, cardiomyopathy,
electrolyte abnormalities (potassium, magnesium,
calcium) congenital heart diseases like atrial septal
defect or past surgery involving the right atrium
and in subjects with obstructive sleep apnea.

The ECG characteristics of atrial fibrillation are
absent P-waves, narrow QRS (< 120 ms) with an
irregular rhythm (varying R-R intervals) (Figure 7).
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Figure 7: Atrial fibrillation. Narrow QRS complexes with an
irregular rhythm. No visible P-waves.

Atrial flutter

Atrial flutter is less common than atrial fibrillation
but share a common etiology and initial treatment.?
It is caused by a re-entry circuit in the right atrium.
Classical atrial flutter is characterized by saw-tooth
flutter waves preceding narrow QRS complexes and
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a regular rhythm. The flutter waves are best seen in
inferior leads (II, III, aVF) or V1. Commonly, the
atrial rate is 300 beats/min (250-350/min) with an
AV conduction ratio of 2:1 giving a ventricular rate
of 150 beats/min. In the common form, counter-
clockwise atrial flutter, the re-entry wave travels
up the atrial septum and down the lateral wall of
the right atrium. This produces negative saw-tooth
flutter waves in inferior leads and positive waves in
V1 (Figure 8). In the uncommon clockwise atrial
flutter, the impulse travels in a reverse direction
giving positive saw-tooth waves in inferior leads
and negative in V1. Atrial flutter should always be
considered in a narrow QRS tachycardia with a rate
of 150 beats/min.

Figure 8: Atrial flutter. Narrow QRS complexes with preceding
negative saw-tooth waves in inferior leads and positive in V1.

Differential diagnosis of a narrow QRS complex
tachycardia:

* Atrial fibrillation

* Atrial flutter

* Unifocal ectopic atrial tachycardia

* Multifocal ectopic atrial tachycardia
* Paroxysmal SVTs (AVNRT, AVRT)3?
* Sinus tachycardia®>34

In difficult but hemodynamically stable patients, use
of vagal maneuvers or adenosine 1V, as discussed
above, may transiently slow AV conduction
revealing the underlying rhythm.

Management of atrial fibrillation and flutter:

Correct underlying cause simultaneously with other
treatment. Hemodynamically unstable patients
with new-onset AF require immediate R-wave
synchronized DC cardioversion starting at 100-200
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J.2336 If initial cardioversion fails or AF recurs,
synchronized DC cardioversion can be repeated
after starting rate and rhythm control therapy.* In
hemodynamically stable patients, the management
involves ventricular rate control, conversion to
sinus rhythm and long-term anticoagulation for
prevention of embolic stroke.>” The preferred
drugs for AF prophylaxis after cardiac surgery
are Vaughan-Williams class II antiarrhythmics
(carvedilol, atenolol, bisoprolol)*

Ventricular rate control: IV beta-1 blockers, non-
dihydropyridine calcium channel blockers and
digoxin®® are commonly employed but amiodarone
may also be effective, particularly in patients with
reduced LV function.? (Table 1) Beta blockers and
calcium channel blockers can cause hypotension,
digoxin is less likely to cause hypotension but it’s
rate controlling effect is weaker.>

* Metoprolol (beta blocker): Onset in 5 min.

* Esmolol (short acting beta blocker): Onset in 5
min. Hypotension or heart block can develop.

* Propranolol (non-selective beta blocker): Onset
time 5 min.*

* Verapamil®’: Onset occurs in 3-5 min.

Table 1: Common anti-arrhythmic drugs

* Diltiazem: Onset time is 2-7 min.

Beta blockers and calcium channel blockers can
cause hypotension because of their negative
inotropic effect. Avoid non-dihydropyridine calcium
channel blockers in heart failure.’” Hypotension
during beta blocker or calcium channel blocker
therapy can be managed with IV phenylephrine
infusion.

* Digoxin: The loading dose is reduced to 50% in
presence of renal impairment or age > 70 yr. The
onset is slow taking more than 1 hr with a peak
effect at 6 hr.>” Hypokalemia and hypercalcemia
may enhance digoxin effect. Hypomagnesemia
increases dose requirements of digoxin.! These
electrolyte abnormalities should be corrected
before administering digoxin.

* Amiodarone: It’s rate controlling effect is
rather slow (1-2 hr) but is useful when other
therapies are ineffective or there is underlying LV
dysfunction.?37

The drugs which slow AV-conduction without
increasing the refractory period of accessory
pathway (non-dihydropyridine calcium channel
blockers, digoxin and amiodarone) can accelerate

| ow o | Repeatdose/nfusion

Adenosine 6 mg very rapid IV push 12 mg after 2 min then another 12 mg
if required
Amiodarone 150 mg over 10 min, repeat 150 mg over 20 min 900-1200 mg over 24 h
Digoxin 10-15 mcg/kg lean body weight. Give 50% of the calculated dose | 125-250 mcg/day
over 20 min; 25% of the dose after 6 h, remaining 25% after
another 6 h
Diltiazem 10-20 mg over 2 min. May be repeated after 15-30 min 5-15 mg/h infusion
Esmolol 500 mcg/kg over 1 min. May be repeated once 50-200 mcg/kg/min infusion
Flecainide 2 mg/kg with a max of 150 mg over 30 min. May repeat 1.5 mg/ 100-250 mcg/kg/h infusion
kgover1h
Ibutilide 1 mg over 10 min Repeat once if required
Lignocaine 1 mg/kg IV push. May repeat 0.5 mg/kg boluses to a total of 3 mg/ | 1-4 mg/min infusion
kg
Metoprolol 2.5-5 mg over 2 min 2.5-5mg q 5 min to a total of 15 mg
Propranolol 1 mg over 1 min 1 mg q 2 min to a total of 10 mg
Procainamide 15 mg/kg at 20 mg/min infusion 1-4 mg/min infusion
Sotalol 20-60 mg slow IV
Verapamil 5-10 mg over 2 min. May be repeated once after 15-30 min 5-10 mg q 4-6 h or 5 mcg/kg/min
infusion
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the ventricular rate leading to ventricular
fibrillation and should be avoided in AF with
accessory pathway (WPW syndrome). Procainamide
with continuous QRS monitoring for evidence of
QT prolongation, ibutilide and flecainide are
recommended in presence of an accessory pathway
in hemodynamically stable patients.?*” Sotalol and
ibutilide can precipitate torsades de pointes if the
QTc exceeds 500 ms.* In patients with underlying
heart failure with AF, beta blockers and digoxin
are the first line drugs followed by amiodarone for
ventricular rate control.®

Over-drive pacing can be employed for atrial flutter,
especially if pacing wire is in place (post-cardiac
surgery).?

Patients with atrial flutter or atrial fibrillation need
cardiology referral for conversion to sinus rhythm
or assess the need for catheter ablation therapy.

VENTRICULAR ARRHYTHMIAS

The ventricular arrhythmias originate from sites
distal to the bundle of His and are characterized by
wide-QRS complexes greater than 110 ms.#

Ventricular premature complexes (VPC)

Since the impulse originates from an ectopic focus
located in the ventricular myocardium no P-wave
precedes the QRS of VPC. Moreover, the ectopic
impulse is not conducted via the fast conducting
normal pathway producing a wide (> 120 ms),
abnormal shaped QRS complex. The complex is
premature in timing, occurring before the next
expected sinus beat. The T-wave is opposite in
direction to the QRS (Figure 9). If the VPCs are
similar in shape, they are arising from the same
ventricular focus (unifocal) but VPCs of varying
morphology, indicates a multifocal origin.

Figure 9: Ventricular premature complexes. The fourth and eighth
complexes are VPCs. No preceding P-wave, wide abnormal shaped
QRS occurring before the next expected sinus beat.

Two VPCs occurring in succession is referred to
as a ‘couplet’.®® If the VPCs are frequent (> 30/
hour), multifocal, occurring as couplets or falls on
the preceding T wave (R-on-T phenomenon), the
rhythm can degenerate into a sustained ventricular
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tachycardia.“ The management involves looking for
and correcting any inciting cause like myocardial
ischemia, hypoxemia, hypercarbia, electrolyte and
acid-base abnormalities, pro-arrhythmic drugs and
mechanical cardiac stimulation from central venous
or pulmonary artery catheters.

Ventricular tachycardia (VT)

Ventricular tachycardia is defined as three or
more ventricular premature complexes with the
rate exceeding 100 beats/min.®® Classic VT is
characterized by wide-QRS complexes

(> 120 ms) with a regular rhythm.

A VT lasting less than 30 sec is referred to as
unsustained VT (Figure 10). This rhythm, generally,
does not require any prophylactic anti-arrhythmic
therapy.#” A ventricular tachycardia with single
morphology QRS complexes at a rate of less
than 120 beats/min is referred to as accelerated
idioventricular rbythm. Like unsustained VT, this
rhythm usually does not require treatment.*® This
rhythm is almost always transient, alternating with
sinus rhythm.%
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Figure 10: Unsustained VT. After three complexes a burst of VT is
seen lasting < 30 sec.

Polymorphic  ventricular and

Torsades de pointes

tachycardia

A specific type of ventricular tachycardia where
the QRS complexes change their direction around
the baseline, with runs of positive QRS complexes
of varying morphology alternating with runs of
negative QRS complexes of different morphology is
referred to as torsades de pointes if the QT interval
is prolonged between episodes of arrhythmia.>*
The normal QT-interval corrected for heart rate ,
QTc is < 420 ms in males and less than 440 ms
in females. The same rhythm with wide-QRS
complexes of different morphology occurring in
patients with normal QT-interval is referred to as
polymorphic ventricular tachycardia.*

Differential diagnosis of a wide-QRS tachycardia:

A wide-QRS tachycardia resembling ventricular
tachycardia can be of supraventricular origin as
seen in SVTs with a bundle branch block, aberrant
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conduction (rate-related bundle branch block) or
Wolff-Parkinson-White (WPW) syndrome.® The
ECG features suggesting a ventricular tachycardia
are:

* wide-QRS complexes greater than 140 ms in
duration.>®

+ marked QRS axis deviation®
* no RS complex in any precordial leads.

+ if RS complexes are visible, the RS duration (from
beginning of QRS to the nadir of S wave) greater
than 100 ms in any precordial lead*>%

*+ Concordance: all the QRS complexes in precordial
leads are either positive (positive concordance)
or negative (negative concordance).>

* Atrioventricular dissociation as evidenced by
presence of dissociated P-waves. This may not be
evident on rhythm strip and may require scrutiny
of 12-lead ECG.*®

* presence of a ‘capture beat’: a QRS complex
of normal shape and duration produced by
ventricular activation from an atrial focus.
Presence of a single capture beat is sufficient to
confirm ventricular tachycardia (Figure 11).

¥5

Figure 11: Ventricular tachycardia.

* presence of a ‘fusion beat’ (a QRS morphology
that is intermediate between a normal QRS
complex and a VPC) produced by simultaneous
activation of ventricle from an atrial and a
ventricular focus.>!

+ If the diagnosis remains uncertain, the broad
complex tachycardia should be taken as VT.?

Common causes of VT include acute myocardial
infarction or ischemia, cardiomyopathy (dilated,
hypertrophic types), valvular heart diseases,
mitral valve prolapse, myocarditis. Torsades de
pointes may be secondary to hereditary (Romano-
Ward syndrome) or acquired prolongation of
QT-interval. The acquired QT-prolongation
may be due to myocardial ischemia, electrolyte
abnormalities (hypokalemia, hypomagnesemia,
hypocalcemia), subarachnoid hemorrhage and
several drugs like antiarrhythmics (quinidine,

procainamide, disopyramide, sotalol, amiodarone,
ibutilide), psychotropics (phenothiazines, tricyclic
antidepressants, lithium, droperidol, haloperidol),
antihistamines (terfenadine, astemizole),
antimicrobials  (clarithromycin, erythromycin,
voriconazole, chloroquine) and domperidone.>

A ventricular tachycardia can occur with palpable
major pulse or be pulseless (cardiac arrest).
For pulseless ventricular tachycardia (pVT), the
algorithm for pVT/VF in the recently updated
guidelines of American Heart Association (AHA) for
adult advanced cardiovascular life support (ACLS)
should be followed.>*

Ventricular tachycardia with pulse:

If VT is unstable, immediate DC cardioversion is
required. Cardioversion is also indicated if anti-
arrhythmic drugs fail to revert the VT or produce
hypotension.

Stable VT:

If the left ventricular function is good, following
drugs may be used: (Table 1)

* IV Amiodarone’*

* Lignocaine: If a bolus is ineffective, the infusion
is likely to fail as well.*

* Procainamide IV

A refractory wide-QRS tachycardia may respond
to sotalol.®%”

In patients with low ejection fraction (<40%),
only amiodarone or lignocaine is recommended.*’
Simultaneously, correction ofunderlying electrolyte
abnormalities and ischemia is implemented. Target
a serum potassium level of 4.5-5 mmol/L.?

For torsades de pointes, stop offending drugs and
correct electrolyte abnormalities (hypokalemia,
hypomagnesemia, hypocalcemia). Intravenous
magnesium sulphate, 1-2 g over 1-2 minutes is
recommended.? Isoprenaline can be used as a
temporary treatment in recurrent torsades de
pointes who do not have a congenital prolongation
of QT interval. Serum potassium should be
maintained between 4.5-5 mmol/L.

Over-drive pacing is an option in torsades de
pointes and may also be indicated in other VTs
when drug therapy fails or VT keeps recurring after
repeated DC cardioversion or if temporary pacing
wire is already in place.?® Patients with recurrent VT
need to be evaluated by a cardiologist for catheter
ablation therapy or implantable cardioverter-
defibrillator insertion.
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Ventricular fibrillation (VF)

It is characterized by an abrupt onset of chaotic,
irregular waveforms of different shape, duration
and amplitude with no recognizable QRS-T waves
due to the absence of organized ventricular
depolarizations. Clinically, this is associated with an
abrupt loss of effective forward blood flow resulting
in absent major pulses with loss of consciousness
within seconds.“% The recently updated ACLS
protocol of AHA for pVT/VF should be initiated
immediately.>

Asystole

There is complete absence of cardiac electrical
activity producing an isoelectric, flat baseline on
the ECG. This rhythm requires immediate initiation
of ACLS protocol for asystole, as recommended by
AHA.>* The survival outcome is better with VI/VF
than for asystole.?

AV CONDUCTION DISORDERS

These may be secondary to varied causes like
myocardial ischemia, drugs (digoxin, beta
blockers, calcium channel blockers), infiltration,
inflammation, infections or fibrosis involving
the conduction system and post-valvular cardiac
surgery.

Prolonged PR-interval: It is characterized by a PR-
interval exceeding 200 ms. Each P-wave is followed
by a QRS (P:QRS ratio 1:1). It is benign and
asymptomatic and does not require any treatment
or workup.>

Second-degree AV block: some atrial impulses fail
to be conducted to the ventricles. It is of two types,
Mobitz type I and type II.

Mobitz type I (Wenckebach): characterized by
a progressive prolongation of PR-interval until
a P-wave is not followed by a QRS producing a
pause on the ECG. As the PR-interval lengthens,
the R-R interval shortens. The cycle then repeats
itself. This gives a characteristic visual impression
of ‘group beating’, generally with clusters of 2, 3
or 4 QRS complexes separated by pauses (Figure
12). The conduction disturbance mostly resides
in the AV node giving narrow QRS complexes. If
the PR-interval after a pause is shorter than the PR-
interval before the pause, the block is Mobitz type I
second-degree block. This block is frequently seen
on ambulatory ECG monitoring during nocturnal
sleep and generally is harmless not requiring
pacing.”

special article

Figure 12: Second-degree AV block, Mobitz type-1 (Wenckebach).
Groups of two QRS complexes separated by pauses (‘group
beating’) seen in long lead-II. The PR-interval following the pause

is much shorter than the one preceding the pause.

Mobitz type II: the PR-intervals remain constant.
There is an abrupt failure of a P-wave to get
conducted resulting in a P-wave with no following
QRS. The P:QRS ratio is > 1:1 (more P-waves than
QRS complexes). When the P:QRS ratio is 3:1 or
more, it is referred to as high-grade second-degree
AV block®® (Figure 13). This block is almost always
due to an infra-nodal conduction disturbance giving
wide-QRS complexes.’® It is seen after anterior
wall myocardial infarction. Mobitz type II block,
particularly the high-grade block, is an inherently
unstable rhythm and can progress to complete AV
block.>

— _— = -

Figure 13: Second-degree AV block, Mobitz type-11

Complete AV block (third-degree): none of the
P-wave is conducted to the ventricles so that
the atria and ventricles function independently
(AV dissociation). The P-P and R-R intervals
are constant. The atrial rate is greater than the
ventricular rate. On the ECG, the P-waves bear no
relationship to QRS complexes and, typically, can
be seen ‘marching through’ the QRS complexes
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Figure 14. Complete heart block (third-degree AV block). P-waves
can be seen ‘marching through’ QRS complexes. A P-wave is

superimposed on the T-wave of first, third and fourth complexes.

because of the higher atrial rate (Figure 14). The
PR-intervals are irregular. The escape rhythm may
be junctional (narrow-QRS with a rate of 40-60
beat/min) or ventricular (wide-QRS with a rate of
less than 40 beats/min), in which case, the patient
is generally symptomatic with dyspnea on exertion,
low cardiac output and syncope.”> Complete AV
block may be congenital where the escape rhythm
is junctional giving adequate ventricular rate. It is
more common in females. An acquired complete

heart block with broad QRS complexes nearly
always requires pacing.’” Acquired complete AV
block can occur after inferior wall MI, where it is
usually temporary, or extensive anterior wall MI
where it usually requires a permanent pacemaker.

Temporary transvenous pacing may be required in
Mobitz type-Il second-degree AV block, complete AV
block, recurrent sinus pauses > 3 sec unresponsive
to drugs, right bundle branch block with left
anterior or left posterior fascicle block after MI,
asystole, symptomatic bradycardia unresponsive
to drugs and bradycardia with hyperkalemia.>
Permanent pacemaker is usually required for
complete AV block with escape rhythm rate < 40
beats/min, high-grade second-degree AV block and
sinus pauses lasting more than 3 seconds.>’
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