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Editorial

Dear Friends,

As heart failure is one of the prime killers all over the world and the prevalence is
going to rise in view of higher longevity, we would be dealing with more patients of
arrhythmia in heart failure in our daily practice. Understanding the complex interplay of
causative factors, mediators and manifestation of these arrhythmia and its effect on the
management of such patients is of utmost importance. Two arrhythmias, atrial fibrillation
(AF) and Ventricular arrhythmias [Premature ventricular complexes (PVC), non-
sustained ventricular tachycardia (NSVT), and sustained VT] are of prime importance
and thus have been discussed in details in the current issue. As mentioned earlier the
complex interplay between the mechanism of its causation and its effect on heart failure
leads to a vicious cycle.

As myocardial infarction (MI) is leading cause of mortality and morbidity worldwide,
apart from acute management for the patient it is important to analyze the effect of MI on
the heart and to prognosticate the patient about the future. Thus it is important to quantify
the amount to myocardium affected in the previous MI. There are various investigational
modalities available for the quantification such as ECG, Echocardiography, Cardiac
Magnetic resonance imaging (CMRI), Single photon electron computed tomography
(SPECT) and other radionucleotide imaging. As ECG and Echocardiography are the
most easily and widely available modalities we should have a thorough understanding
of the various techniques of MI quantification. However, an important aspect of future
prognostication such as viability assessment cannot be determined only on the basis of
ECG. It require further investigation, at least stress echocardiography to demonstrate
viability in the myocardium. Cardiac MRI is an excellent investigational modality which
demonstrate accurately the amount to infarcted myocardium and viable myocardium.
But its availability and lack to expertize to interpretation is a big hindrance for its routine
use.

T wave inversion is the most common ECG abnormality. Inverted T waves are broadly
classified into primary and secondary T wave changes. The spectrum varies from normal
variants in children and middle-aged women to findings highly suggestive of acute
ischemia. So one must be careful to avoid over-diagnosis in patients with benign T wave
inversions and at the same time not miss the diagnosis in patients with malignant T wave
inversions. The current review gives a detailed insight into the various caused of T wave
inversion and its clinical implication in real world practice.

Ventricular bigeminy has always been a cause of concern when diagnosed on ECG. It
is not a disease, but it can be a marker of possible underlying heart conditions that may
increase the risk of cardiac death. In patients with structurally normal heart it is rarely
of any clinical significance and the prognosis is generally excellent. Suppression of
ventricular bigeminy with ant-iarrhythmic medication is not indicated routinely, unless
the patient is symptomatic or at risk of tachycardia-induced cardiomyopathy owing
to the very high frequency of premature ventricular contractions. The mechanism and
impO-lications have been discussed.

There is a short summary about the development of ICD and the recently launched “non-
vascular” subcutaneous ICD. The ECG Quiz features as always. Looking forward to
mid-term ISECON 2014 in Vishakapatnam!

Parag Barwad Yash Lokhandwala
Faculty, Dept of Cardiology, Arrhythmia Associates
PGI, Chandigarh



From Past President’s Desk

Dear Members,

It is our great pleasure in bringing out the 2nd issue of Indian Journal of Electrocardiology
of the year 2014 on the eve of Mid-Term Conference of Indian Society of Electrocardiology
at Vizag.

ISECON 2014 — The Annual Conference of Indian Society of Electrocardiology was
organized by Dr. S.K. Dwivedi, Dr. Aditya Kapoor and the team at Lucknow on 8th
and 9th March 2014. It was a great scientific feast! Our heartiest congratulations to
Dr. S.K. Dwivedi, Dr. Aditya Kapoor and their team.

Mid-Term Conference of Indian Society of Electrocardiology is being organized
on llth and 12th October 2014 with the great efforts of Dr. C. Narasimhan and

Dr. G.S.R. Murthy and their team at Vizag and I am sure it will be an academic bonanza.

ISECON 2015 1is being organized at Nagpur by Dr. Uday Mahorkar,
Dr. Prashant Jagtap on 7" and 8" February 2015. For more details, kindly log on

www.iseindia.org

ISE has initiated Pacemaker/CRT/ICD Survey. The results will be published soon in one of
the leading journals.

My sincere thanks to Dr. Yash Lokhandwala, Dr. Sanjay Bindra, Dr. Parag Barwad and the
Editorial Team for bringing out the ISE Journal — 2014, 2nd Volume.

Long Live Indian Society of Electrocardiology

Dr. S.B. Gupta
Past President
Indian Society of Electrocardiology






Evolution of Defibrillator Therapy

Vivek Reddy’, Sanjay Bindra™

*Research Assistant, “Regional Medical Center, San Jose CA

Development of the implantable cardioverter defibrillator
(ICD) was pioneered by Michel Mirowski in the late 1960s
after the death of a close friend and mentor from ventricular
tachyarrhythmias. His frustration with the limitations of
available treatments for high risk individuals led to the idea
of an implantable device that would continuously monitor
the cardiac rhythm and deliver defibrillating shocks when
ventricular tachyarrhythmias occurred. During the 1970s,
experimental models were built and refined by Mirowski and
Morton Mower, leading to the firstimplantation ofa defibrillator
in a patient, with two previous cardiac arrests in 1980s.! Since
the mid 1980s experience with these devices expanded along
with evidence of effectiveness of defibrillators in terminating
malignant ventricular arrhythmias. By 1991, when two expert
panels published independent recommendations, indications
had broadened to include ventricular fibrillation or ventricular
tachycardia not amenable to drug treatment.” Because of
further refinements in device technology, loss of faith in the
universal effectiveness of drug treatment, and accumulating
evidence from randomized clinical trials, ICDs have become
the treatment of choice for patients at high risk for life-
threatening arrhythmia.?

Numerous large-scale clinical trials have demonstrated the
benefit of implantable cardioverter defibrillators (ICDs) in
primary and secondary prevention of Sudden cardiac death
(SCD), especially in post MI and heart failure with left
ventricular dysfunction.*?

Current ICD indications have expanded to include prophylactic
implantation in individuals who have a high risk of SCD
(primary prevention).

ICD therapy has evolved from requiring a thoracotomy with
epicardial patches, to introduction of transvenous ICDs (TV-
ICDs) and now the subcutaneous ICD (s-ICD).

While the minituarization of the ICD to a transvenous
system reduced morbidity and mortality from thoracotomy
and epicardial patch electrode placement, TV-ICDs may be
associated with significant morbidity.¢

The risks associated with transvenous ICD systems include
procedural risks, inappropriate device therapy and long term
complications such as lead failure.’

Late infections including endocarditis, vessel occlusions,
lead dislodgement, valvular dysfunctions, and intrinsic lead
defects with consequent inappropriate/ineffective therapy are
noted with endocardial leads. Published reports of lead failure
rates of up to 20% per year for 8 year old systems.?

Moreover, lead failure and infection of systems is a complex

clinical condition, potentially leading to need for procedural
revision and lead extraction with considerable risk.

Therefore, strategies that simplify the ICD implant procedure
with the conceptualization of a non TV ICD lead system lead
to the creation of the subcutaneous ICD (s-ICD). Early studies
confirmed that multiple device configurations provide reliable
defibrillation with lower energy than expected. Innovation
with a dedicated detection algorithm and a custom-built
electrode configuration for a reproducible implant of ICD in
the subcutaneous space.

Gold et al proved that arrhythmia detection using subcutaneous
electrodes did not differ in sensitivity and specificity when
compared with TV-ICD system.’

Studies have confirmed that the S-ICD system is a safe and
effective alternative to conventional ICD therapy in patients
at risk of death from VT/VE."?

The S-ICD system

The system (Boston Scientific) consists of a subcutaneous
pulse generator (place in the axilla along the 6™ rib) and a
subcutaneous lead placed along the life side of the sternum,
provided with a single high-voltage and low-impedance
shock coil and 2 sensing electrodes. The S-ICD system can
sense from 3 different vectors: proximal ring electrode to
generator (primary vector), distal tip electrode to the pulse
generator (secondary vector), and a distal tip connected to
proximal ring (alternate vector).

The main advantage of the S-ICD system consists of the
simplicity of implantation (and explantation, when necessary)
and the potential removal of complications associated with
the implantation of a transvenous lead. Clinically relevant
infections are often confined to the subcutancous phase.

Indications

S-ICD system is indicated in patients for primary or secondary
prophylaxis in all patients without the need for bradycardia
pacing, antitachycardia pacing or cardiac resynchronization
therapy. The pediatric patient population including
congenital heart disease patients (intracardiac shunts and or
no access to the Right ventricle), the young active patients
with hypertrophic cardiomyopathy and channelopathy, and
patients on hemodialysis are especially well suited for this
novel therapy.

Conclusions

Progress in device therapy has allowed now for defibrillation
therapy to be delivered “without touching the heart.” Advances
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in leadless pacing may potentially create a novel system in
the future which will allow both for intracardiac pacing and
sensing, thus advancing the paradigm further.
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Evaluation and Management of Ventricular Bigeminy

Pranil Gangurde, Aziz Kothawala, Pratap Nathani

Dept of Cardiology, LTMG Hospital, Sion, Mumbai

Introduction

Ventricular bigeminy is a commonly encountered entity in
clinical practice. These are commonly asymptomatic but can
cause upsetting symptoms in some patients. Their occurrence in
normal hearts is usually of less clinical significance. However,
there are occasions where presence of bigeminal rhythm
signifies susceptibility towards more sinister arrhythmias,
especially in diseased hearts. Ventricular bigeminy is triggered
by multiple mechanisms and when it gives rise to malignant
ventricular arrhythmias it can be cured by catheter ablation.'
Occasionally, premature ventricular contraction especially
of RVOT origin, may be a possible cause of LV dysfunction
and heart failure and focal RF ablation produces significant
clinical benefits in these patients.’

Epidemiology

Sir James Mackenzie was the first to describe extrasystoles
in 1890 when he noticed that chambers of the heart could
beat outside of their correct order.> An estimated prevalence
of ventricular premature beats (PVC) is 1-4% in the general
population. In a healthy population, PVCs have been detected
in 1% of subjects on standard 12-lead ECG and between 40-
75% of subjects with 24 to 48 hour Holter monitoring.! Their
prevalence is generally age-dependent, ranging from 1% in
children® to 69% in subjects upto 75 years.® PVC-induced
cardiomyopathy may develop in a time-dependent fashion.’
In fact, Niwano et al® demonstrated gradually progressive
worsening of LV function in patients with ventricular bigeminy
with frequent PVCs (>1000 beats/day) as measured by the LV
ejection fraction (LVEF) and LV end-diastolic dimension over
a follow-up period of 4 to 8 years.

Definition and Pathophysiology

Bigeminy is described as cardiac irregularity which refers
to a continuous alteration of short and long cardiac cycles,
corresponding to the phenomenon of pulsus bigeminus
diagnosed at the bedside by palpation of radial pulse. Different
mechanisms such as a re-entry mechanism and parasystolic
mechanism involving disturbance of impulse formation
or impulse conduction or both may be involved.” The most
common variety is intermittent bigeminy due to ventricular
premature systoles. In patients with atrial fibrillation (AF)
in particular a beat terminating a short cycle subsequent
to a long one tends to exhibit a bizarre contour and QRS
prolongation, caused by aberrant ventricular conduction.
It is of considerable practical importance to distinguish
between ectopic ventricular premature systoles and aberrant
ventricular conduction of early supraventricular impulses.
Such a distinction may sometimes be difficult since under both
circumstances the resulting bizarre beat tends to be “coupled”

to a beat terminating a long cycle. Whereas the occurrence of
an ectopic premature systole in the wake of a long ventricular
pause can be ascribed to partial recovery of conductivity in
a re-entry path, aberrant ventricular conduction occurring
under such circumstances is explained by impairment of
conductivity in ordinary ventricular conduction pathways
caused by prolongation of the normal ventricular refractory
phase concomitant with the lengthening of the cardiac cycle.
Usually it is the right sided bundle-branch system which is
affected by this mechanism.

The following three criteria in most instances should permit
the correct interpretation of early bizarre beats during irregular
ventricular beating.

1. Beats of ectopic origin tend to have a fixed coupling while
the short R-R interval of aberrant ventricular conduction
tends to vary in a wider range.

2. Aberrant ventricular complexes almost invariably show
a pattern of right bundle-branch system block, with QRS
prolonged in its terminal portion in contrast to ectopic
beats which show a variety of bizarreness, with QRS wid-
ened throughout.

3. Unlike premature beats of ectopic origin, aberrant ven-
tricular beats do not give rise to a “compensatory” pause,
and it is the absence of such a pause which prevents con-
tinuation of aberrant conduction in the form of bigeminy.
Aberrant ventricular conduction may, however, continue
in the form of consecutive rapid beats with a similar bi-
zarre contour and prolonged QRS duration and thus imi-
tate ventricular paroxysmal tachyeardia.'

Structurally normal heart

Kennedy et al and Engstrom et al found no correlation between
ventricular bigeminy and mortality or cardiac events in men
without CAD.""'? However, in the Framingham Heart Study
men with frequent PVCs had a two-fold increase in the five-
year mortality risk and cardiac event rate (after correction of
other cardiovascular risk factors) compared to those without.!
Despite the conflicting data, in general, PVCs in healthy
individuals without any structural heart disease do not usually
pose any risk of SCD.

Structural heart disease

The incidence, frequency and complexity of ventricular
arrhythmias are greater in patients with ventricular bigeminy
with known or suspected heart disease,'>!® so exclusion
of structural and coronary heart diseases is important for
management.
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Figure 1 : Mechanisms of ventricular bigeminy leading to cardiomyopathy

Post myocardial infarction

The incidence of spontaneous ventricular arrhythmias in the
post-infarction period can be as high as 85% for premature
ventricular complexes.'* Ventricular bigeminy itself was an
independent risk factor for total cardiac death and sudden
cardiac death in the first six months following the infarction."
Left ventricular ejection fraction (LVEF) below 0.3 was
found to be a better predictor of early mortality (less than 6
months) and the presence of ventricular arrhythmias was a
better predictor of late mortality (after 6 months).!¢ Therefore,
it is reasonable to conclude that the presence of ventricular
bigeminy after acute myocardial infarction is associated with
an increased total mortality in some patients, particularly
those with impaired left ventricular function.

Cardiomyopathy

It has been estimated that 70-95% of patients with
cardiomyopathy and congestive heart failure have frequent
premature ventricular contractions (which include ventricular
bigeminy) and these are associated with higher mortality."
Frequent ventricular contractions in ventricular bigeminy
itself can give rise to cardiomyopathy by different mechanisms
as shown in above diagram (Figure 1).

Exercise-induced ventricular bigeminy

Ventricular bigeminy may occur after exercise in a patients
with structurally normal heart'®. Ventricular bigeminy
predicted cardiovascular mortality to the same degree as
a positive ischaemic response, and its predictive value was
independent of the presence or absence of ischaemic changes
on the exercise ECG."” The association between exercise-
induced ventricular bigeminy and cardiovascular mortality
is plausible, but the extent of its clinical implication in
asymptomatic individuals with structurally normal hearts is
as yet uncertain.

Pregnancy

Premature ventricular complexes may increase in frequency
during pregnancy in otherwise healthy women. Though
most of these are benign & require just reassurance as
treatment, sometimes antiarrhythmic drugs may be required
for treatment. Most antiarrhythmic drugs are safe except for
amiodarone, which has been associated with significant fetal
abnormalities.?

Hypertrophic cardiomyopathy (HCM)

Ventricular bigeminy with frequent PVCs, are indicative of an



increased risk of sustained ventricular arrhythmia. It however
has a low positive and relatively high negative predictive
value for sudden death despite its frequent occurrence in
HCM patients. In a 24-hour Holter monitoring study, 88% of
patients with HCM had premature ventricular contractions, in
which 12% had frequent premature ventricular complexes.?!
Generally treatment is warranted only in symptomatic patients.

Congenital heart disease

A meta-analysis of 39 studies, including 4,627 patients
with corrected congenital heart disease, showed that the
combination of ventricular dysfunction and complex
PVCs correlates with late SCD?2. However, in the absence
of ventricular dysfunction or symptoms, isolated PVCs
have minimal prognostic significance in these individuals.
Antiarrhythmic therapy is not indicated for asymptomatic
patients with isolated PVCs.

Athletes

Athletes without structural heart disease who have premature
ventricular complexes (ventricular bigeminy) at rest which
get suppressed during exercise testing, can participate in
all competitive sports. Should the premature ventricular
complexes increase in frequency during exercise or exercise
testing to the extent that they produce symptoms of impaired
consciousness, significant fatigue, or dyspnea, the athlete
can participate in class IA competitive sports such as golf,
billiards, bowling, cricket, curling and riflery only. Athletes
with structural heart disease who are in high-risk groups
and have premature ventricular complexes (with or without
treatment) can participate in class IA competitive sports only.?

Approach to patient with ventricular bigeminy

A detailed history helps to identify high-risk patients
requiring further risk stratification. According to symptoms
and severity of underlying heart disease, in addition to the
clinical presentation the prognosis and management are
individualized. Physical examination is often unrevealing in
such patients who present with ventricular bigeminy. The main
focus of clinical examination is toward evaluating underlying
structural heart disease.

A standard 12-lead resting ECG with a rhythm strip helps
to localize the origin of ventricular bigeminy and to identify
the related important electrical abnormalities such as long or
short QT syndrome, Brugada syndrome, arrhythmogenic right
ventricular dysplasia, ischemic heart disease and electrolyte
disturbances. In addition, QRS duration and repolarization
abnormalities are both independent predictors of SCD. In
some studies, ST segment depression or T-wave abnormalities
are associated with up to four times increased risk of
cardiovascular death and SCD.*

Blood sampling is important to diagnose -electrolytes
disturbances such as hypokalaemia and hypomagnesaemia.
Holter ambulatory monitoring is useful if the symptoms are
suggestive and 12-lead ECG is unrevealing. While a 24- to

48-hour continuous Holter recording is appropriate whenever
the arrhythmia is known or suspected to occur at least once a
day. Echocardiography should be performed in patients with
suspected structural heart disease and in the subset of patients
at high risk for development of serious ventricular arrhythmias
or SCD, such as acute myocardial infarction survivors.
Exercise stress test may be considered in the investigation of
ventricular bigeminy in middle-aged or older patients without
other evidence of CAD?*. Exercise-induced ventricular
ectopic increases mortality at 12 months by three-fold relative
to patients with PVCs only at rest®®. However, exercise-
induced PVCs in apparently normal individuals should not
be used to dictate therapy unless associated with documented
ischaemia or sustained VT. EP testing is probably useful in the
evaluation of patients with remote myocardial infarction and
symptoms suggestive of ventricular tachyarrhythmia, such as
palpitations, presyncope and syncope.

Treatment

Most patients are asymptomatic, and reassurance is the only
therapy required if there is no evidence of structural heart
disease. For symptomatic patients, avoidance of precipitating
factors such as smoking, excessive alcohol and caffeine intake
may be helpful. Of greater importance is the exclusion of
underlying structural heart disease or other conditions that
may precipitate bigeminy, such as electrolyte imbalance or
drug toxicity. After correctable factors have been addressed,
medications such as beta-blockers can be used in the setting
of a hyperadrenergic state or myocardial ischaemia if there
is a need to suppress the PVCs. Lignocaine may be used
during the peri-infarct period. Exercise-induced PVCs should
be treated if there is documented ischaemia or sustained VT.
Suppression of asymptomatic PVCs is no longer considered
a therapeutic aim for prevention of death in post-infarction
or cardiomyopathy patients. If an antiarrhythmic is indicated,
beta-blockers are the first-line for suppression of symptomatic
PVCs. They have been conclusively demonstrated to reduce
mortality in post-infarction and heart failure patients, and thus
should be part of the standard therapy. The role of amiodarone
as a second-line antiarrhythmic in this setting is supported
by findings in the Basel Antiarrhythmic Study of Infarct
Survival, which suggested that amiodarone (i.e. 200 mg/day)
in patients with persisting asymptomatic complex arrhythmias
after myocardial infarction decreases mortality in the first year
after myocardial infarction?’. A meta-analysis involving 6,500
post-myocardial infarction and heart failure patients with
a median frequency of PVCs at 18 per hour demonstrated
that amiodarone results in overall reduction of 13% in total
mortality.”® Radiofrequency ablation is now a well-recognised,
non-pharmacological technique for the elimination of frequent
symptomatic ventricular ectopic beats when pharmacological
treatment has failed or is not preferred. The 2006 ACC/AHA/
ESC guidelines gave this a Class Ila indication for patients
who are otherwise at low risk for SCD and who have frequent
symptomatic, predominantly monomorphic PVCs that are
drug resistant, or for those who are drug intolerant or do not
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Figure 2 : ECG of case no.1

Figure 3 : ECG of case no.2

wish to have long-term drug therapy. In addition, ablation of
asymptomatic PVCs may also be considered when the PVCs
are very frequent, so as to avoid or treat tachycardia-induced
cardiomyopathy (Class I1b).?

Conclusion

Ventricular bigeminy rhythm is not a disease, but it can be
a marker of possible underlying heart conditions that may
increase the risk of cardiac death. However, it is important
to know that bigeminal rhythm is common in people
with no structural heart disease in which, the prognosis is
generally excellent. Suppression of ventricular bigeminy
with antiarrhythmic medication is not indicated routinely,
unless the patient is symptomatic or at risk of tachycardia-
induced cardiomyopathy owing to the very high frequency
of premature ventricular complexes. Where pharmacological
therapy has failed, there is now the option of radiofrequency
ablation for treatment of symptomatic patients. The ECG is a
simple yet useful tool to improve risk assessment, especially
in those with known cardiovascular disease.

Case 1

54 year old woman with a history of sudden onset fast regular
palpitations with syncope since 20 years. She was diagnosed
as a case of arrythmogenic right ventricular cardiomyopathy
(ARVC) with left ventricular involvement for which she

Figure 4 : ECG of case no.3

underwent EP study. On her routine followup now, her
ECG (Figure 2) showed bigeminal rhythm with heart rate
of 68 per minute, left axis deviation, ventricular premature
beats originating from right ventricular outflow tract. She
was evaluated with cardiac MRI which showed severe
global hypokinesia and biventricular dysfunction. She also
underwent ICD implantation.

Case 2

12 year old boy, 2™ by birth order diagnosed as case of
congenital cyanotic heart disease (corrected - transposition of
great arteries) presented with history of multiple episodes of
syncope. There was intermittent complete heart block (Figure
3) with juctional escape and multiple ventricular premature
complexes. Electrocardiogram looks more like bigeminy but
there is no sinus beat so it cannot be a ventricular bigeminy.
Patient was advised surgical repair and permanent pacemaker
implantation.

Case 3

34 year old woman with systemic hypertension since last
2 years had come for regular check-up. She was absolutely
asymptomatic. Her ECG (Figure 4) shows ventricular
bigeminy, the premature ventricular complexes (PVC)
having a left bundle branch block morphology and inferior
axis, suggesting that they originate from the right ventricular
outflow tract (RVOT). Her echocardiogram was normal.
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Abstract

With the ever increasing burden of coronary artery disease, newer tools for risk stratification and prognostication are needed.
Cardiac magnetic resonance imaging (CMRI) has been established as the most accurate modality to diagnose and quantify
infarct/scar size in post myocardial infarction (MI) patients. However its restricted availability and cost tend to preclude its
routine clinical use. Twelve lead electrocardiography (ECG) and echocardiography are both time tested, widely available,
inexpensive tools to evaluate patients with acute myocardial infarction. Many scoring systems had been developed to assess
infarct size in MI with ECG to help prognosticate patients. The Selvester score was widely validated in normal as well as
patients with MI in the 1980s. The new scoring system upgraded for ECG confounders in 2009 has led to renewed interest
in ECG to correctly identify and quantify infarct size/scar in ischemic patients. Determining wall motion scoring index by
echocardiography is semi-quantitiative method of determining systolic dysfunction in patients with MI. Tissue Doppler imaging

(TDI) and Speckle Tracking are novel modalities to detect infarct size by echocardiography.

Introduction

While developed nations have been able to reduce the
mortality rates with CAD, it has increased by about 300% in
India and the trend is expected to worsen over the coming
years.! Patients with acute myocardial infarction in India are
more likely to be younger, have considerable delay between
onset of symptoms to presentation in hospital and are more
likely to be fatal as compared with their western counterparts.>
Among the many demographic, clinical and instrumental
variables that influence the short- and long-term prognosis
of acute MI, the extent of injury and left ventricular function
has the maximum clinical relevance.>* Various studies have
confirmed that the size of the infarct and the extent of LV
damage are the main determinant of survival in patients of
AML7

Geltman et al’ in their study found larger myocardial necrosis
in anterior than in non-anterior MI patients, suggesting that
MI size but not its location was an independent predictor of
post-infarction prognosis. Subsequently studies quantifying
infarct size by post-contrast CMRI reiterated the fact that the
size of the infarct irrespective of its location is an independent
determinant of LV remodelling and dysfunction.®” Mauri et
al® used the sum of number of leads with ST elevations as a
marker of infarct size. They classified Myocardial Infarction
into 4 groups as small (A), modest (B), large (C) and extensive
(D); Group A (Small Infarct) having ST segment elevations in
2-3 leads as compared with > § leads for Group D (Extensive
Infarct). At 30 days, according to the extent of myocardial
injury, the relative risk (RR) of death was significantly higher
for groups B, C and D, compared with group A. Even at 10
years, the survival rate was found to be related to the extent of
myocardial injury, as evaluated by ST-segment elevation on
the admission ECG

The extent of injury can be measured by different modalities

including ECG, Echocardiography, Single Photon Emission
Computed Tomography Scan (SPECT Scan) and CMRI.

Cardiac Magnetic Resonance Imaging (CMRI) for Infarct
Quantification

Over the past decade, CMRI has developed into a clinical tool
with excellent spatial and temporal resolution, unrestricted
tomographic fields and no exposure to radiation. It has
revolutionized the assessment of cardiac pathologies and
dysfunction inaliving heart and provides insight to the ongoing
disease process. It is a new age, cutting edge technology with a
huge potential to benefit the physician and the patients.” CMR
with Late Gadolinium Enhancement (LGE) offers currently
the most precise and accurate non invasive method to quantify
infarct size and morphology of Myocardial Infarction.'

The basic principle involved in the quantifying infarct size by
Late Gadolinium Enhancement (LGE) by CMR is inversion-
recovery imaging after 10-15 minutes delay after intravenous
administration of contrast. The mechanism of LGE in
infarcted myocardium is most likely due to the inability of
the gadolinium chelates to cross the intact cell membranes of
the normal myocardium. Normal myocardium has myocytes
which are densely packed and about 70-80% of tissue volume
is intracellular. As a result of this compact arrangement of
intact myocardium, the distribution volume of gadolinium
is small and tissue concentration is low. However in patients
with AMI, there is membrane rupture allowing gadolinium
to diffuse inside the cell resulting in increased gadolinium
concentration and consequent signal enhancement. As a result
of this, the normal myocardium appears nulled or black while
the infarcted myocardium appears bright or enhanced.!!

The total myocardial mass and volume are calculated on cine
images as per standard CMR protocols described.'? The size
of the infarct is quantified by manually delineating the region
of interest around the infarcted tissue. A number of other
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Technique & Sequences

Rest Cine Imaging: multislice
SSFP cine short axisview

(Slice thickness 6-10mm, gap0-4 mm;
spatial resolution: 1-2 mm x 1-2 mm in
plane, temporal resolution: <45 ms)

T2-weighted spin. echo
images: short axis view

(Slice thickness 8-10 mm)

Rest First Pass Perfusion

(3 short axis)

Early gadolinium enhancement

(2 min post-contrast T1-weighted
IR GRE)

Lage gadolinium
enhancement (LGE)

10-15 min post-contrast T1-
weighted IR GRESlice thickness 5-

Pathophysiological
point of View
Contractile function;

morfological
assessment

Hyperenhancement:
myocardium at risk;

Hypoenhancement core:
Myocardial hemorrhage

Myocardial blood flow

Microvascular function

Myocardial necrosis;
persistent
microvascular damage

MRI analysis

Global evaluation: LV & RV volumes, mass,
stroke volumes, ejection fraction;

Regional evaluation: wall thickness, wall
motion score index

Age of infarction:
Area of myocardium At Risk (AAR %):

Presence, area of myocardial hemorrhage (%)

Positive first pass in chronic infarction (see
thickness)

Microvascular obstruction (presence, segment
location; size)

Thrombus detection

Microvascular damage (presence and area)

Infarct size: presence, transmurality: size (gt, %)
Myocardium salvaged: area at risk minus LGE

Persistent microvasclar damage: presence, n*

8 mm, gap 0-4 mm; spatial
resolution; 1.4-1.8x1.4-18. mm?

segments: area (%)

Figure 1 : A CMR protocol is summarized in this figure taking into account the pathophysiological substrates underlying
different MRI findings. SSFP indicates steady-state free precession; IR GRE, inversion recovery gradient echo; LV, left ventricle;

RV, right ventricle; AAR, area of myocardium at risk.

techniques have also been described to quantify and delineate
the size of the infarcts and scars. These include the 2 SD, 3 SD,
4 SD, 5 SD, 6 SD and full width at half maximum (FWHM)
techniques.'" Automated easy to use commercial softwares
and computer algorithms are available which give the exact
size of the infarcted myocardium.

Studies have validated the diagnostic utility of CMRI for
regional wall motion abnormality.'” Infarct size or Infarct
transmurality by LGE co-relates with markers of infarct size
such as creatine kinase, time to treatment and incomplete
ST-segment elevation.”® Ricciardi'* et al found CMR highly
sensitive in detecting infarcted tissue down to a few grams
in target myocardial region of distal embolization during
percutaneous coronary interventions in patients with coronary
artery disease. Various clinical trials and research work
now conclusively prove that CMRI is more accurate than
nuclear studies, especially in detection of subendocardial
infarction.'*"”

ECG Quantification of Infarct Size

The understanding and application of ECG emerged rapidly
from the second half of the 19th century when Augustus
Wallers, first recorded the human ECG to present times where
it is the most commonly used bioelectric signal and cardiac
diagnostic test.!® During the 1970s and 1980s many attempts
were to develop the utility of ECG for risk stratification.
These included use of both single ECG abnormalities as
well as complex multivariate scoring systems. The scoring
systems included the Minnesota Code,”” Cardiac Injury
Index Score.?**! Aldrich Score?** and the Selvester Scoring
System.?*?¢ The scientific basis for these scoring system were
developed on the crux of earlier studies which showed degree
of ECG changes to correlate with the extent of myocardial
damage.?’?® Wilson et al?’ in 1944 provided the experimental
and clinical base for the use of precordial ECG and that
there existed a close relationship between potential variation
of precordial electrodes and the potential variation of the
underlying ventricular surface. The summation of ST segment
elevations (3'ST) was used as an index of extent of myocardial
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Figure 2 : Manual delination of the infarcted area for
quantification of infarct size

injury in studies and was found to have a direct association
with the Killip class as well as the degree of elevation of
cardiac enzymes.?8%

The Selvester QRS score was first developed in 1972 as a
method for estimating the total percentage of the infarcted
LV by using a composite scoring system.?*?¢ The original
scoring system was derived based computer simulations that
suggested an orderly and predictable sequence of changes in
the QRS complex associated with infarcts of various locations
and sizes. Through pilot studies in patients with localized wall
motion abnormalities seen by ventriculography, Selvester et
al refined the results of these computer simulations to produce
both qualitative and quantitative criteria for determining
infarct size.

The original score consisted of 57 criteria from 10 of 12 ECG
leads summing up to 32 points each point is physiologically
equivalent to the necrosis of 3% of the left ventricle, thus
providing the estimation of the total injured area by the AMI.
The Selvester score was modified by Wagner et al*® in 1982
leading to composite score of 37 criteria with 29 points (Table

1.

Each criterion in the modified score exhibited at least 95%
specificity and the total 29-point scoring system achieved 98%
specificity when a score of more than 2 points was required
for identification of infarction. The specificity of the Selvester
method has been established in normal subjects, and its ability
to detect and estimate the anatomically determined sizes of
prior infarctions has been documented.!*2

Because prognosis in AMI is determined in large part by the
degree of ventricular dysfunction and the extent of myocardial
ischemia, the relation of the QRS score to survival may be
explained largely by its relation to left ventricular function.®

Palmeri et al.** demonstrated a good correlation (I = 0.88)
between the QRS score and left ventricular ejection fraction
by radionuclide imaging after AMI. In a recent study of
patients undergoing Primary Angioplasty in MI, Selvester
QRS score was found to be better than the level of cardiac
enzymes in predicting the extent of myocardial infarction
and the left ventricular ejection fraction.® Similarly infarct
size as estimated by QRS scoring at the time of discharge
is an independent and prognostically relevant metric in

Table 1 : Modified Selvester Scoring

Lead Maximum Lead  Criteria Points

Points

I 2 Q>30 ms

R/Q <1

Q>40 ms

Q>30 ms

Q>30 ms

R/Q <1

Q>50 ms

Q>40 ms

Q>30 ms

R/Q <1

R/Q 2

v, 4 Any Q

R>50 ms

R>40 ms
R/S>1

Any Q or R<20 ms
R>60 ms

R>50 ms
R/S>1.5

v 1 Any QorR<20ms
Q>20 ms

R/Q or R/S<0.5
R/Q or R/S<1
Q>30 ms
R/Qor R/S<1
R/QorR/S<2
Q>30 ms

R/Q or R/S<1
R/Q or R/S<3

II 2

aVL 2

Avf 5

—_— e N = e = N = = N = N W e = = N e

_— N = = N = = N

contemporary STEMI patients undergoing primary PCIL.*¢ In
a recent study comparing infarct size by ECG parameters and
CMR, it was found that Selvester Score increased stepwise in
relation to global LV infarct size.*’

The Selvester ECG scoring system though very specific,
could not be applied to all patients with AMI. Patients with
pre-existing conduction abnormalities such as bundle branch
blocks and pacemakers are not candidates for scoring. These
limitations made QRS scoring impractical for ICD/CRT
patients’ evaluation because greater than 50% of potential ICD
patients and nearly all CRT patients have ECG confounders.*®
Similarly in patient with past history of AMI, it may not be
completely reflective of infarct size.

To overcome the limitations of the scoring system and
applicability in patients with ECG confounders, Strauss
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Figure 3 : The left ventricle is divided into 6 walls:
anterior, anteroseptal, anterolateral, inferior, inferoseptal
and posterolateral. Each wall is further divided into a basal,
mid and apical segment and the apical cap represents the 17"
segment. Numerical score is allotted to each segment on the
basis of visual assessment of the contractile function of each
segment as follows: Normal (> 40% thickening in systole) =
1, Hypokinesis (10-40% thickening in systole) = 2, Severe
hypokinesis (<10% thickening in systole) = 3, Dyskinesis
(paradoxical systolic motion) =4, Anecurysm (diastolic
deformation) = 5

et al®®* further modified the QRS Score in 2009 for use in
the presence of bundle branch blocks and left ventricular
hypertrophy. In their study, the modified QRS score for
ECG confounders was shown to be able to identify and
quantify myocardial scar in comparison to contrast-enhanced
magnetic resonance imaging in patients with ischemic
cardiomyopathy. They found that QRS scores (modified for
each ECG confounder) correctly identified and quantified
scar in ischemic patients when compared with the reference
standard of cardiac magnetic resonance using late-gadolinium
enhancement. Higher QRS-estimated scar size is associated
with increased arrhythmogenesis. Another study found
that QRS-scoring is unique in that it directly identifies
and quantifies the myocardial substrate (infarct/scar) that
precipitates and supports re-entrant ventricular arrhythmias.*

Echocardiography in quantification of Myocardial Infarc-
tion

Echocardiography remains the most commonly used initial
imaging modalities in cases of AMI. In 1989, the American
Society of Echocardiography recommended the Wall Motion

Scoring Index (WMSI) as a semiquantitive method to assess
regional systolic function in ischemic heart disease.*' For the
purpose of calculation the WMSI, the left ventricle is artificially
divided into different segments. The currently recommended
segmentation is a 17-segment model as described in the
Figure 3.

On the basis of the wall motion analysis, the WMSI is
calculated as

(Sum of Wall Motion Score/ Number of segments visual-
ised)

A normal left ventricle has a WMSI of 1 since each of the
17 segments receives a wall motion score of 1. The larger
the infarct the higher the WMSI since the wall motion
abnormalities would be more severe.

In a study comparing estimation of myocardial infarct size by
WMSI and Technetium®™ Sestimibi scan,* it was found that
myocardial perfusion defect and wall motion abnormalities
correlated fairly well in patients with acute myocardial
infarction during the acute phase. Patients with a WMSI more
than 1.7 were found to have a perfusion defect of more than
20%. The correlation was found to be better for anterior than
inferior or lateral infarcts of smaller size. Analysis of regional
systolic function requires good endocardial border definition.
In patients with suboptimal acoustic windows, contrast
administration improves image quality through improvement
of endocardial border definition and enhances detection of
regional systolic function abnormalities.*

Although assessment of regional systolic function is commonly
based on visual analysis of myocardial thickening, more recent
techniques like Tissue Doppler Imaging and Two-dimensional
Speckle Tracking Echocardiography allow quantitative
evaluation of regional systolic function.* Studies have
demonstrated that assessment of regional and global strain by
these novel methods correlate with size and transmural extent
of myocardial infarction as determined by contrast-enhanced
MRI. The global strain parameter is a valuable predictor of the
total extent of myocardial infarction and may therefore be an
important clinical tool for risk stratification in the acute phase
of myocardial infarction.**

Case 1

A 42 year old man, non-hypertensive, presented with com-
plaints of rest angina and diaphoresis of 4 hours duration.

He has a total Selvester score of 9, which indicates an infarct
size of approximately 27% of the left ventricle.

Echocardiograhapic Measurement of WMSI in the same
patient

WMSI =31/17=1.8

CMR Quantification of Infarct Size in the same patient
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Conclusion

CMR with delayed contrast enhancement is the gold standard
for determining infarct size. However, it is not currently
practicable for routine use in India. Thus, the easy availability
and wide spread use of ECG and Echocardiography makes
them very suitable for determining infarct size with reasonable
accuracy and prognostication of myocardial infarction.
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Introduction

In the western world, heart failure (HF) is third most common
cardiovascular disease affecting 2 per cent of the population.'*
More than 500,000 new cases are diagnosed each year® and
around 30 to 40 per cent of patients die within 1 year after
receiving this diagnosis. HF can be disabling and it can
severely reduce a patient’s quality of life. We do not have data
regarding the exact incidence and prevalence of heart failure
in India but with higher propensity for cardiovascular diseases
and ageing population the burden of HF is likely to be higher
with us in comparison to the western population. Coronary
artery disease, diabetes, hypertension, valvular heart diseases
including rheumatic heart disease and primary muscle diseases
are common causes of heart failure in our population.

Cardiac arrhythmias are common accompaniment of all forms
of congestive heart failure (CHF). They may be symptomatic
or asymptomatic, whether benign or lethally malignant.
Etiologically, in a patient with mitral valve regurgitation, the
predominant arrhythmia may be atrial fibrillation (AF) while
on the other hand, in a patient with ischemic cardiomyopathy,
cardiac arrhythmia may manifest in the form of ventricular
tachycardia (VT) or ventricular fibrillation (VF), potentially
leading to sudden cardiac death (SCD). Furthermore, both
atrial and ventricular arrhythmias are often present in the
same patient.

The main arrhythmias in CHF that have drawn considerable
attention are VT/VF and AF. Data from many studies indicate
that in patients with CHF, the prevalence of premature
ventricular beats and/or couplets is approximately 87%, and
that of non-sustained VT could be as high as 45-80%.*¢ Euro
Heart Failure survey of AF, showed that up to 45% of patients
with CHF also present with AF,” and in hospitalized patients

STRUCTURAL HEART DISEASES:
HYPERTENSION, VALVULAR, ISCHEMIC
INFILTRATIVE DILATED CARDIOMYOPATHY, RESTRICTIVE PHYSIOLOGY
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Figure 1 : Interaction of atrial fibrillation and heart failure

with CHF new-onset AF is an independent predictor of in-
hospital mortality (odds ratio: 1.53; 95% CI: 1.1-2.0). Data
from the Framingham Heart Study further indicates that CHF
itself increases the risk of AF 4.5-fold in men and 5.9-fold
in women.? Other less common arrhythmias include atrial
flutter, atrioventricular nodal reentrant tachycardia (AVNRT),
atrioventricular reentrant tachycardia (AVRT), and atrial
tachycardia.

Mechanisms of arrhythmias in CHF

In CHEF, there occur structural changes in the heart including
myocardial stretch, fibrosis and scar formation, and chamber
dilatation. Furthermore, there is alteration of the cellular ionic
current patterns, the receptor distribution and in the internal
milieu of gap junctions. These provide adequate substrates
for activation of the above said mechanisms and genesis of
arrhythmias.

A reduction in pacemaker If current, which is responsible for
diastolic depolarization of sinoatrial nodal cells, may lead to
bradycardia, and increased expression of If current in non-
pacemaker cells may cause enhanced automaticity related
ectopic tachycardia.’ Early after-depolarizations are promoted
by the reduction in repolarizing K+ currents such as Ito, IKs
and IKr, and increases in depolarizing currents such as INa
and ICa prolong action potential duration and repolarization.
On the other hand, alteration of the Nat+/Cat+ exchanger
promotes delayed after-depolarizations. Diseased myocytes,
scar tissue and fibrosis leads to regional differences in impulse
transmission and therefore trigger re-entry. These anatomical
or functional barriers form due to reduced connectivity, due to
reduced gap junctions, non-uniform anisotropy, dispersion of
refractoriness, and areas of slow conduction may all of which
cause anatomical or functional re-entrant arrhythmia such as
VT, with subsequent further wave-breaks or the occurrence of
multiple wave-breaks leading to VF.

Recently, the role of ryanodine receptors and abnormal
intracellular Ca+2 handling by the sarcoplasmic reticulum
has also been attributed to the development of myocardial
contractile dysfunction and genesis of ventricular
arrhythmias.'®

The role of autonomic dysfunction, especially in the genesis of
malignant VT/VF leading to SCD, cannot be overemphasized.
Irrespective of the etiology of heart failure, autonomic
dysfunction occurs in the form of an increase in sympathetic
outflow to the heart and to the peripheral vasculature, elevated
plasma norepinephrine and its spill over, down-regulation
of myocardial b-adrenergic receptors, marked depletion of
myocardial catecholamine stores and a reduction in cardiac
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Figure 2 : Interaction of ventricular tachycardia and heart
failure

vagal tone.'"'? The renin— angiotensin—aldosterone system
also plays an influential role in arrhythmogenesis.'

AF in CHF

AF is the most common arrhythmia worldwide and is
increasing in prevalence. CHF results in structural remodelling
that creates an ideal substrate for AF (Figure 1). There occur
many structural and functional changes in CHF that promote
the coexistence of AF. Persistent left atrial hypertension
from poor left ventricular (LV) chamber compliance and
function promotes interstitial fibrosis and decreased gap
junction surface area. Structural myocyte changes lead to a
reduction of repolarizing potassium currents and abnormal
intracellular calcium handling. A decline in electrical coupling
between neighbouring myocytes slows conduction within
the myocardium. Baseline pathophysiological activation of
the sympathetic system promotes triggered automaticity.
HF medications cause potassium, calcium and magnesium
imbalances which can influence further susceptibility to a
proarrthythmic state. Finally HF and AF share several risk
factors, including coronary artery disease, diabetes mellitus,
hypertension, obesity, and obstructive sleep apnea (Figure 1).

These contributing factors lead to a high prevalence of AF in
HEF, affecting 30% of all individuals with HF, including those
with reduced or preserved ejection fraction. Furthermore,
new onset of AF often leads to worsening of NYHA class or
precipitation of acute decompensation in CHF. This occurs
due to an acute loss of atrial contribution to LV diastolic
filling as well as shortening of cardiac cycle due to ensuing
tachycardia.

AF an Independent Risk Factor or a Marker of Advanced
Disease in heart failure?

The prognostic significance of AF in patients with heart
failure is significant because AF is an independent risk factor
of adverse outcome. In the Framingham Heart Study, AF was
associated with twice the cardiovascular mortality compared

with sinus rhythm.? In a retrospective analysis of the Studies
of Left Ventricular Dysfunction (SOLVD) trial, which
enrolled 6500 patients with LV ejection fraction (LVEF)
<35%, baseline AF was an independent predictor for all-
cause mortality, progressive pump failure, and the combined
end point of death or hospitalization for heart failure.'* In the
SOLVD registry data, the odds ratio for total mortality among
HF patients with AF compared with patients in sinus rthythm
wasl.81 (P<0.0001). In the Valsartan in Acute Myocardial
Infarction (VALIANT) trial of 14703 patients with acute
myocardial infarction complicated by heart failure, AF also was
associated with greater long-term morbidity and mortality."
In a retrospective analysis of the Carvedilol or Metoprolol
European Trial (COMET), which included 3029 patients with
LVEF <35%, bascline AF significantly increased the risk
for death and heart failure hospitalization.'® Middlekaufet
al'” found that patients with advanced heart failure and AF
had significantly reduced 1-year survival compared with
sinus rhythm patients. Moreover, AF seemed to be a stronger
predictor of negative outcome in the subset of patients with
mild to moderate heart failure. Similarly, Corell et al® found
that the presence of AF in outpatients with heart failure also
was associated with increased morbidity and mortality and that
AF was a stronger predictor of adverse outcome in patients
with better cardiac function (LVEF >35%). In the Trandolapril
Cardiac Evaluation (TRACE) study, Pedersen et al" found
that long-term mortality was increased in al Isubgroups of
patients with AF except those with the most advanced disease
(LVEF <25%). From these trials, it appears that AF serves
as a negative prognostic marker in patients with systolic
heart failure, and the independent effect of AF on mortality
is inversely related to the severity of heart failure. Studies
have also found that new-onset AF carries a particularly grave
prognosis in patients with heart failure. Perry et al* found that
among 944 elderly patients hospitalized with heart failure, the
onset of new AF carried a significantly higher risk for death
compared with patients with no AF or those with chronic AF
(hazard ratio, 1.41; 95%confidence interval, 1.08 to 1.83).
Over 80% of patients hospitalized with heart failure and
found to have new-onset AF died within 4 years of discharge
compared with only 61% to 66% in those without AF or
with persistent AF. In a 21-year community-based cohort
study of patients with newly diagnosed AF, the mortality risk
was substantially higher within the first 4 months, with an
hazard ratio of 9.62 (95% confidence interval, 8.93 to 10.32)
compared with the hazard ratio of 1.66 (95% confidence
interval, 1.59 to 1.73) thereafter. In an analysis of COMET!S,
new-onset AF, but not baseline AF, remained an independent
predictor of all-cause mortality. Development of new AF was
associated with increased mortality in the Framingham Heart
Study as well. Pozzoli et al*! prospectively studied patients
with mild heart failure in sinus rhythm and found that the
onset of AF was associated with a clinical and hemodynamic
deterioration, predisposition to systemic thromboembolism,
and overall poorer prognosis.
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Ventricular Arrhythmias in CHF

Ventricular arrhythmias are frequently seen in patients with
LV dysfunction and CHF. Ventricular premature complexes
(VPCs) occur in 70% to 95% of heart failure patients, and
non-sustained ventricular tachycardia (NSVT) occurs in 20%
to 80%. Also, 50% to 60% of deaths in patients with CHF are
sudden and are attributed to an arrhythmic cause, most often
to ventricular tachyarrhythmia. While ventricular arrhythmias
are not always symptomatic, their ultimate clinical effect is
an increased risk of sudden cardiac death and a higher overall
mortality rate. It is therefore of prognostic significance to
understand the management of ventricular arrhythmias in
patients with left-ventricular (LV) dysfunction and CHF.

Sudden cardiac death (SCD) is a sudden, unexpected death
caused by loss of heart function. More than fifty percent of
deaths attributed to heart disease, and more than 350,000
deaths annually, in the United States are due to SCD.*4
Life-threatening ventricular arrhythmias, including VT and
ventricular fibrillation (VF) are responsible for most sudden
deaths.*

Ventricular arrhythmias occur with a much higher prevalence
in those with HF with reduced ejection fraction (HFrEF) than
in general population. In fact, the primary mode of death in
patients with NYHA I, II, or III HF is sudden death due to
ventricular arrhythmia. There are multiple reasons as to why
patients with heart failure are predisposed to sudden death.
Myocardial fibrosis, loss of cell-cell coupling, and ventricular
dilatation contributes to alterations in action potential
refractoriness and conduction resulting in slowed electrical
conduction and co-existing altered repolarization patterns
providing a substrate for re-entry triggered arrhythmias.
Abnormal triggered activity provides a focal mechanism for
arrhythmia. Additionally activation of sympathetic nervous
system and RAAS promotes abnormal automaticity. Heart
failure drugs promote electrolyte imbalances and ongoing
sub-endocardial ischemia in ischemic CHF precipitate VI/VF
(Figure 2).

Conclusion

To summarize, structural remodelling, neurohormonal
activation and concomitant drug therapies in patients with
HF create a substrate for arrhythmias which adversely affects
causing morbidity and mortality. Beta-blockers remain the
ideal treatment for rate control in the patient with AF and
for both prevention and suppression of VT. Antiarrhythmics
have significant toxicities and pro-arrhythmic tendencies,
but when used cautiously, can have an important role in the
treatment of these patients. Furthermore, due to their utility
in the acute termination of ventricular arrhythmias in out of
hospital settings and prevention of sudden cardiac death ICDs
have become new pillars of heart failure therapy. In selective
cases, radiofrequency ablation has been used successfully in
restoring normal rthythm and reducing frequency of recurrence
of both atrial and ventricular arrhythmias.
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Introduction

T waves in ECG have always been fascinating. From tall
peaked waves to inverted waves, they have always been
considered to provide an important insight into the underlying
cardiac illness. But at the same time many of the T wave
abnormalities can be found in normal population and may
lead to diagnostic confusion. In this review we try to describe
inverted T waves in detail, discussing various aetiologies and
its clinical implications.

T wave definition: The T wave represents the uncancelled
potential differences of ventricular repolarisation.! It is the
deflection on the surface electrocardiogram noted after each
QRS complex.

Mechanism (Figure 1)

T wave is said to represent phase 3 of the ventricular action
potential. Once both endocardial as well as epicardial surfaces
have been depolarised, repolarisation starts. Epicardial
cells having the shortest duration of action potential start
repolarising first, followed by endocardial surface and in
the last by so called ‘M’ cells (present in deep subepicardial
surface).? So initial repolarisation of epicardial cells result
in net vector in the same direction as that of QRS complex,
giving rise to positive upstroke of normal T waves. This is
followed by repolarisation of endocardial cells, resulting in
current from M cells to that of endocardial cells, giving rise to
the downstroke of T waves.

At the same time the duration of ventricular repolarisation
is not homogenous, with some parts of the ventricle taking
longer times to repolarise than the others, resulting in what is
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Figure 1 : Mechanisms of T wave inversion

called as ventricular gradient.> This makes sure that T wave
axis and QRS axis are not exactly parallel.

In normal individuals the T vector is oriented leftward,
inferiorly and in most adults anteriorly. In children orientation
may be slightly posterior, but becomes more and more anterior
with age. As a result of this vector orientation, T waves are
always upright in leads I, II and inverted in aVr, but may be
upright or inverted in leads III and aVf. In horizontal plane, T
waves are always upright in left precordial leads, but upto 5%
of adult females may have inverted T waves in lead V1.* In
children on the other hand right precordial T inversions may
be found normally.

T wave inversions: the spectrum

Inverted T waves on ECG can occur due to many causes.
They have broadly been classified into primary and secondary
T wave changes. Primary changes being defined as T wave
inversions without any associated QRS changes, on the other
hand secondary changes being defined as T wave inversions

Table 1 : Selected causes of prominent T wave inversions

Primary T wave inversions
Normal variant

Juvenile T wave pattern

Early repolarisation (in some cases)
Myocardial ischemia or infarction

Left or right ventricular overload syndromes (formerly
called “strain” patterns)

Cerebrovascular injury (T waves may be massively inverted
with gross QT prolongation)

“Memory T waves” (eg, with intermittent left bundle branch
block, intermittent ventricular pacing, or intermittent Wolff-
Parkinson-White pre-excitation)

Myocarditis
Apical hypertrophic  cardiomyopathy  (Yamaguchi’s
syndrome)
Other myocardial/pericardial diseases - dilated and
restrictive  cardiomyopathies,  arrhythmogenic  right
ventricular  cardiomyopathy (dysplasia), pericarditis,

myocardial tumor, etc.

Idiopathic global T wave inversions

Secondary T wave inversions

Left bundle branch block

Right bundle branch block
Wolff-Parkinson-White patterns and variants
Ventricular complexes (premature, escape, paced)
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Figure 2 : Juvenile pattern

secondary to associated QRS changes ex. LVH, LBBB etc.
The spectrum varies (Table 1) from normal findings as T
inversions in right sided precordial leads in children and
females to findings highly suggestive of acute ischemia. So
while one must be careful to avoid overdiagnosis in patients
with benign T wave inversions, at the same time not miss the
diagnosis in patients with malignant T wave inversions.

Primary T wave inversions

These abnormalities are independent of changes in QRS
complexes. These may occur either due to abnormal shape
and duration of ventricular action potential or abnormal
sequence of repolarisation. Drugs and electrolyte imbalances
may cause reversible T wave inversions due to abnormal
shape and duration of ventricular APs. Whereas majority of
other T wave inversions occur due to abnormal sequence of
repolarisation.

a. Juvenile pattern (Figure 2): As discussed above, T wave
inversions is right precordial leads are common in chil-
dren, but if the same persist in adulthood, they may rep-
resent persistent juvenile pattern. But at the same time it
is important to differentiate the same from T wave inver-
sions noted in arrhythmogenic right ventricular cardio-
myopathy. In a study by Pappadakis et al,’ while studying
ECGs of 1710 young athletes, they noted T wave inver-
sions in 4% of athletes <16 years of age and undertook
their intensive cardiac workup. They concluded that
T-wave inversions in V1-V3 are relatively common in
athletes <16 years and probably represent the juvenile
electrocardiogram pattern. In adolescent athletes, T-wave
inversions beyond V2 if >16 years, T-wave inversions in
the inferior/lateral leads and deep T-wave inversions in
any lead are unusual, warranting further investigations
for underlying cardiomyopathy. A Finnish study® evalu-
ated ECGs of 11000 middle aged subjects and found that
T-wave inversions in right precordial leads V1 to V3
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Figure 3 : Ischaemic T wave (biphasic)

were present in 54 (0.5%) of the subjects. In addition,
76 (0.7%) of the subjects had inverted T waves present
only in leads other than V1 to V3. Right precordial T-
wave inversions did not predict increased mortality (not
significant for all end points). However, inverted T waves
in leads other than V1 to V3 were associated with an in-
creased risk of cardiac and arrhythmic death (P<0.001 for
both).

b. Early Repolarisation variant: In the so called ‘Early Re-
polarisation Pattern’ there is at least 1-2 mm of upward
concavity ST segment elevation with prominent upright
T waves in at least 2 contiguous leads. But other pat-
terns have also been described. For example - a pattern
of ST segment coving and symmetric T wave inversion
indistinguishable from acute evolving infarction is occa-
sionally seen in otherwise healthy athletic young adults.’
ECG changes of ERP are extremely common. This is es-
pecially true in certain subsets of individuals - including
healthy young adults (especially athletic males). A theo-
retic basis does exist that might facilitate arrhythmogene-
sis in certain predisposed individuals with ERP. And ERP
has been identified with higher frequency in some stud-
ies®® among some subjects with idiopathic cardiac arrest
(despite absence of underlying structural abnormality). A
word of caution: a cause-and-effect relationship between
ERP and cardiac risk has not been established. A large
study'® evaluating ECGs of 29000 outpatients concluded
that there was no significant association between mortal-
ity and any component of ‘Early Repolarisation Pattern’.

c. Myocardial Ischemia: T-wave inversions are consistent
with ischemia if any of the following is true:!!

1. The ST-segment depression or T-wave inversion is
directed in the same direction as the QRS complex:
this is called concordance between the QRS complex
and the ST or T abnormality.

2. The T wave has a positive-negative biphasic pattern
(Figure 3).

3. The T wave is symmetrically inverted and has a
pointed configuration, while the ST segment is not
deviated or is upwardly bowed (coved) or horizon-
tally depressed (Figure 4).

4. The magnitude of ST-segment depression progresses
or regresses on serial tracings, or ST-segment de-
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Figure 4 : Ischaemic T wave - deeply inverted

pression progresses to T-wave abnormality during
ischemia-free intervals (dynamic ST-segment de-
pression).

Either the positive-negative biphasic T waves or the
deeply inverted (> 5 mm) T waves that often follow them,
when occurring in the precordial leads V2 and V3, with
or without similar changes in V1, V4, and V5, are nearly
pathognomonic of very recent severe ischemia or injury
in the distribution of the left anterior descending artery
and characterize what is known as Wellens syndrome
(Figure 3).12

Wellens and his colleagues showed that 75% of patients
who developed these T-wave abnormalities and who were
treated medically without angiographic investigation
went on to develop extensive anterior wall myocardial
infarction within a mean of 8.5 days.'2

In a later investigation of 1,260 patients presenting with
unstable angina, 180 patients (14%) had this characteris-
tic T-wave pattern.'* All of the latter patients had stenosis
of 50% or more in the proximal left anterior descending
artery, and 18% had total occlusion of the left anterior
descending artery.

There are studies'*'> that have suggested that T wave in-
versions in lead aVl1 in patients with chronic stable angina
may predict clinically significant mid LAD lesions. Rec-
ognition of this finding and early appropriate referral to a
cardiologist may definitely prove to be of utmost benefit.

The terminal T wave inversions in patients with ST eleva-
tion MI indicate advanced stages of myocardial infarc-
tion. In a recent study,'® 188 STEMI cases undergoing
urgent PCI were evaluated and terminal T wave inversion
was found to be an independent risk factor for poor inpa-
tient prognosis.

On the other hand in a recent study'’ in patients with
NSTEMI, ECGs were analysed and patients were divided
into 4 groups: ST depression, T wave inversions, transient
ST elevations and no ischemic changes. It was found that
patients with ST depression had more left main, proximal
left anterior descending, and 3-vessel coronary artery dis-
ease and underwent coronary artery bypass grafting most
often. The unadjusted mortality was highest in the ST-

Figure S : Strain pattern

d.

segment depression group, followed by the no ischemic
changes, transient ST-segment elevation, and T-wave in-
version group. And hence T wave inversions in patients
with NSTEMI were found to portend a favourable prog-
nosis.

“Strain” Patterns (Figure 5): The classic left ventricular
(LV) strain pattern of ST segment depression and T-wave
inversion on the left precordial leads of the standard rest-
ing ECG is a well-known marker of the presence of ana-
tomic LV hypertrophy (LVH). Okin et al'® studied 8854
ECGs ofhypertensive patients looking particularly for this
strain pattern and concluded that ECG strain is a marker
of increased cardiovascular risk in hypertensive patients
in the setting of aggressive blood pressure lowering, in-
dependent of baseline severity of ECG LVH. Similarly
in general populations this abnormality of ventricular re-
polarisation has been associated with worse prognosis.'’
A “right heart strain” pattern is seen with delayed repo-
larization of the right ventricular myocardium producing
negative ST segments and T wave pattern, such as S wave
in lead I and and Q wave with inverted Ts in lead III. In
addition, inverted T waves in V1-V3 suggests right heart
strain as well.

Cerebrovascular injury: Ischemia-like ECG changes and
arrhythmias are frequently seen in stroke patients, even
in those with no history or signs of primary heart dis-
ease, which support a central nervous system origin of
these ECG abnormalities. T-wave abnormalities include
T-waves that are of low voltage or are flat or inverted in
leads that are normally upright or that are abnormally tall
and peaked.?® Similarly a case report published in BMJ
describes a case of 52 year old man, who presented with
chest pain, vomiting and deep T wave inversions on ECG
and ultimately was found to have intracranial bleed.”!
A recent study®? evaluating myocardial stunning effects
of acute stroke found that the mean age of patients with
myocardial stunning following ischemic stroke was 72.5
years and 77% of these patients were females. Insular
cortex was involved in 38.4% of cases. T-wave inver-
sions and ST-segment elevations were noted in 84.6%
and 69.2% of patients, respectively. Mean troponin eleva-
tion was 0.64 mcg/dL and mean left ventricular ejection
fraction (LVEF) was 34%. In terms of outcomes, 85%
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Figure 6 : T waves in hypertrophic cardiomyopathy

of patients had significant improvement in LVEF, mostly
within 4 weeks of onset of symptoms. Similarly in anoth-
er study evaluating ECG changes in patients with intra-
cranial bleed,? it was found that the majority of patients
(86%) had at least one ECG abnormality. Sixty-eight
(43%) patients had T-wave inversion and 65 (41%) had
QTec interval prolongation. There was a significant asso-
ciation between QTc prolongation and the bleeding size
and the presence of midline shift. Due to paucity of fol-
low-up data, the chronological progression of the chang-
es remains unclear. ST elevations seem to resolve while
“T” wave inversions appear to persist-even for months/
years.?*? There are two mechanisms?®® that might mediate
ECG changes in patients with SAH, i.e. autonomic neu-
ral stimulation from the hypothalamus or elevated levels
of circulating catecholamines. Hypothalamic stimulation
may cause ECG changes without associated myocardial
damage whereas elevated catecholamine levels have been
correlated with QT-interval prolongation and myocardial
damage. Documented ECG abnormalities in a patient
with SAH who has brain death mean the heart is not ac-
cepted as a donor organ because of the possibility of car-
diac abnormalities. Greater knowledge about the patho-
physiology and management of ECG changes in SAH
may make heart donations possible in these cases.”

Memory T waves: Cardiac memory is an uncommonly
recognized entity in which T wave inversions on elec-
trocardiogram lead to a false diagnosis of ischemia.?®
Persistent deep T wave inversions are seen after a period
of abnormal ventricular depolarisation (wide QRS com-
plex of any cause). When normal depolarization returns,
the leads that had previously shown negative QRS com-
plexes will now show T inversions. These changes are
generally recognized to occur in association with artifi-
cial pacemakers but may occur with other entities with
intrinsic ventricular ectopic focus of depolarization, such
as intermittent left bundle branch block. They can also be
seen after elimination of preexcitation or after sustained
VT. Post paroxysmal tachycardia syndrome described as
early as 1969,” when Kernohan described a case of 21
year old patient who had an episode of tachycardia, fol-
lowing which he was found to have T wave inversions in
leads II, I1I, aVfand V3 to V6. For this he was extensively
evaluated, coronary evaluation, cath study for right sided

pressures were all normal, and what was more interesting
was that T wave inversions reverted on the ECGs on day
17. So they described a ‘benign’ post tachycardia T wave
pattern of T wave inversions that can persist for a long
time after an episode of paroxysmal tachycardia in the
absence of any structural heart disease. Interestingly, this
case report diagnosed this to be SVT; review of the ECG
shows that this was classical fascicular VT. Even today,
45 years later, this misdiagnosis is not uncommon!

The duration of T inversion varies from minutes to days
and depends on the duration of abnormal depolarisation.
Awareness of the benign nature of cardiac memory may
allow some patients to avoid unnecessary work-up and
admission. It has been suggested that the contribution to
repolarization of specific potassium channels influences
the memory phenomenon and that by blocking it and re-
ducing the transmural voltage gradient for repolarization,
4-Aminopyridine abolishes cardiac memory.*°

Apical Hypertrophic Cardiomyopathy (Figure 6): Apical
hypertrophic cardiomyopathy (APH) is an uncommon
phenotype of hypertrophic cardiomyopathy (HCM). The
incidence of APH is only 1 — 2% of HCM in Western
countries, but is reported to be up to 25% in Japan. The
electrocardiogram in apical HCM typically shows repo-
larization changes and giant (>10 mm), inverted T waves
in the anterolateral leads (particularly in leads V4 and
V5).3

Global T wave inversions: The term ‘global’ inversion is
applied when the T wave is inverted in all the standard
leads except aVr, and the inversion is generally symmetri-
cal. This may occur due to number of causes including
myocardial ischemia, CNS disorders, myocarditis, peri-
carditis, apical HCM, cardiac metastases, cocaine abuse,
pheochromocytoma. But at times no apparent cause can
be found, when it is labelled as idiopathic. Prognosis de-
pends on the underlying disease and the striking diffuse
T wave changes per se do not imply a poor prognosis.*
Brscic® et al reported a series of 17 patients (all women),
who had global T wave inversions with ‘typical’ chest
pain, normal coronary angiogram and intact LV function.
The ECG changes gradually resolved and had no imme-
diate prognostic implications.

Pericarditis: The T wave vector in pericarditis is directed
to the right, superiorly and posteriorly. T wave inversion
is therefore observed in leads that normally have upright
T waves. These have been attributed to superficial myo-
carditis (epicarditis) that occurs in pericarditis. In a typi-
cal case of pericarditis, T wave becomes inverted in all
leads except V1 and aVr, but the amplitude of inverted T
wave is usually low, and T waves are often incompletely
inverted.*

Miscellaneous: Electrolyte abnormalities like hypoka-
lemia and drug effects like digitalis have also been de-
scribed to cause T wave inversions.
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Secondary T wave inversions

Abnormalities in T waves occurring as a result of altered
ventricular depolarisation sequence are referred as Secondary
T wave changes. The T wave vector usually deviates opposite
to that of the QRS vector in the presence of LBBB or LVH,
opposite to the slow terminal QRS component in the presence
of RBBB, and opposite the delta wave in the presence of
ventricular preexcitation pattern. The clinical implication is
that these secondary changes may mask the primary T wave
changes and hence make their recognition difficult, but at
the same time exceedingly important. For example, in the
presence of LBBB, T wave vector is usually directed opposite
to that of QRS vector, and hence if one finds inverted T waves
in leads with deep S waves, the presence of primary T wave
abnormality must be thought.

Conclusions

T wave inversions are one of the most versatile findings on the
surface ECG with etiologies ranging from seemingly benign
causes like persistent juvenile pattern to a daringly malignant
etiology like that of myocardial ischemia. The spectrum is
wide and hence necessitates a broad thought process. Hence
one must strike a balance, keeping into mind the clinical
scenario and consider the pre-test probability for the given
diagnosis before embarking upon a hoard of diagnostic tests.
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The answers and explanations are
on the reverse side of the page.
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ECG -1

Diagnosis?
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Monomorphic VT (MMVT)
Polymorphic VT (PMVT)
MMVT degenerating into PMVT

Atrial fibrillation with WPW syndrome
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The correct answer is ‘C’- MM VT degenerating into PM VT.

The first 3 QRS complexes are the same. After that (see lead aVF) there is transition to
widely changing, irregular QRS complexes.First one should look into the clinical profile.
This was a 72 year old man with an old myocardial infarction, moderate LV dysfunction,
no reversible ischemia and recent unexplained syncope. The VT shown here was induced
during an EP study. The PMVT soon degenerated into VF (Fig. 1b); this was terminated by

defibrillation (Fig. Ic).

Fig. 1b: MMVT — PMVT — VF
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Fig. 1c : Defibrillation terminates VF, followed by bradycardia (normal sinus rhythm re-

turned within a few seconds)
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The highly probable cause for the syncope was a transient ventricular arrhythmia. The pa-
tient was at high risk for sudden death. He therefore received an ICD (implantable cardio-

verter-defibirillator)
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ECG -2

48 yr old lady, recent re-do mitral valve replacement. Shifted to room. Had

syncope, following which this ECG was recorded.
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Likely cause of syncope?
a. Torsade de pointes
b. Bradycardia

c. Hypotension

d. Atrial fibrillation with rapid ventricular rate

For correct answer see overleaf
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ECG -2

The correct answer is ‘A’ - TdP.

The basic rhythm is atrial fibrillation (almost appearing like atrial flutter in lead V2) with a slow

ventricular rate. The T waves are inverted in leads I, I, aVL, aVF and prominently so in leads V3-V6.
Importantly, the QT interval is markedly prolonged, measuring at least 600 ms in lead V4.

PVCs are seen coming towards the end of the T wave (note the last PVC is before the end of the T
wave). Such R-on-T PVCs, coming during the vulnerable phase (latter half of repolarisation) are

ominous in the setting of QT prolongation.

Fig. 2b : Soon after shifting back to ICCU...
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Torsade de pointes! (TdP)
Later on, the QT remained normal.

QT prolongation after valve surgery should prompt a search for the following factors:

*  Hypokalemia *  Hypothermia

*  Hypomagnesemia *  Aggressive diuretic use

*  Amiodarone use for atrial fibrillation *  Antibiotics known to prolong QT
Fig. 2¢ : LV. Magnesium given, - : "

isoprenaline infusion started...

The ventricular rate has picked up, - . .
the QT has normalised
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17 yr old girl
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a. SVT

b. VT with VA dissociation
c. Preexcited tachycardia

d. None of the above

For correct answer see overleaf
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ECG -3

The correct answer is ‘D’ — None of the above

There is a regular wide QRS tachycardia @ 180/min. The QRS shows a qR pattern (RBBB-like)
in lead V1. The rS pattern in V6 in this setting favours VT. This diagnosis is strengthened by the
northwest axis of -100 0 (dominant broad R in aVR).

The P waves can be picked out carefully in lead III (Fig. 3b).
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Thanking you, FOR OFFICE USE ONLY
Recommendations of the
Yours sincerely, Executive Body /

Credential Committee

__§<____________________________________

Signature of the Applicant
Proposed by (the Member of the Society) Accepted / Not Accepted
Life Membership No.
1 Name
L}
| Address

Hon. Secretary, ISE

1
! Signature



RULES/REGULATIONS OF THE SOCIETY REGARDING
ADMISSION OF LIFE MEMBERS/FELLOWSHIP

*Life Members : 1.

**Fellowship: 1.

Person should be a Post-Graduate in Medicine/
Pediatrics/Anaesthesia/ Physiology or other allied
subjects from an University recognised by Medical
Council of India, with interest in Cardiology /
Electrocardiology.

Candidates are requested to submit Xerox copies
of the PG Certificate and Medical Council of India
Registration Certificate alongwith Application
Form.

Person should be a Member of the Society.

He/She should be of atleast 7 years of standing
after Post-Graduation.

He/She should have minimum 3 publications In
Cardiology In Indexed Journals (Not Abstracts)

List of Publications to be submitted for the
Fellowship.

Fellowship Fees: Rs.2,000/- (+Rs.100/- for
outstation cheque) only. Incase, fellowship not
approved by the Credential Committee, the cheque
/ draft will be returned.

*Subject to approval of the Executive Body of the Society
**Subject to the approval of the Credential Committee of the Society.
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SECRETARIAT

S.B.GUPTA
PAST PRESIDENT

Indian Society of Electrocardiology

102, Rail Mitra, Plot # 125, Sector |, Charkop, Kandivali (W), Mumbai 400067.

Mobile : 0 98213 64565 ¢ e-mail : drsbgupta@gmail.com * www.iseindia.org

URVI COMPUGRAPHICS = 022-2494 5863 = urvi@urvi.cc



