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ABSTRACT
Cardiovascular disease (CVD) in India comprises the bulk of non-
communicable diseases, resulting in 2 million deaths per year. The
incidence of CVD in India is estimated to be up to four times higher
than in other countries. Though the quantification of the prevalence of
rhythm disorders in India is not available, it can be inferred to be
proportionately high. Identification and treatment of arrhythmia is
limited by several socioeconomic factors including low health insurance
penetration, limited reimbursement and high out-of-pocket
expenditures. Thus, there exists a need in India to (1) select an
appropriate tool that is both high yielding and cost effective and
(2) employ a suitable patient selection method. This paper focuses on
these two aspects for cardiac arrhythmia diagnosis using ambulatory
monitoring technology, while keeping in mind the dynamics of the
Indian healthcare setting.

INTRODUCTION
Under normal circumstances, the heart functions as a pump to
circulate oxygenated blood to various parts of the body by
orchestrating a symphony of electrical and mechanical interac-
tions. Perturbations in the electrical conduction of impulses in
the heart which is called cardiac arrhythmia, can disturb this
rhythm, sometimes with fatal consequences if not treated
swiftly.1 The magnitude of cardiovascular disease (CVD) in
India has reached pandemic proportions, with CVD accounting
for 24% of all non-communicable deaths in India,2 resulting in
2 million deaths per year.3 The incidence of CVD is estimated
to be 50–400% higher in Indians as compared with other ethni-
cities.4 Though research to quantify the prevalence of rhythm
disorders in India is scarce, the figure can be extrapolated using
the global prevalence for arrhythmia, 5.3%.5 With a population
of 1.2 billion, this amounts to approximately 6 million indivi-
duals in India with some form of cardiac arrhythmia.

Most importantly, cardiac arrhythmias are frequently harbin-
gers of a significant structural heart disease (SHD) that may
remain undetected until the occurrence of severe symptoms or
even sudden cardiac death (SCD). Moreover, early detection of
symptoms of cardiac disease or of hints to life-threatening
cardiac arrhythmias could potentially save many lives either in
patients with yet undiagnosed cardiac disease or with already
known cardiac disease, as sudden death seems to occur sooner
in patients in India with postmyocardial infarction (MI), com-
pared with the western population.6 Indeed, recent reports from
both general population and rural areas in India highlight that
SCD accounts for 10–17% of overall mortality, known CVD
being the leading independent predisposing factor.7 8 Thus,
identification of rhythm disorders could prompt patients with
only mild symptoms to seek medical attention and could lead to
detection of relevant heart diseases that would be ultimately
treated by tailored therapy. Furthermore, a high-yielding diag-
nostic test would increase medical efficiency in the workup of
symptomatic patients at intermediate risk of heart disease at an
affordable cost.

Proper identification and treatment of arrhythmia in India
is mitigated by limited access to medical care, poor healthcare
infrastructure and the lack of well-developed financial schemes
to cover the cost of medical services.9 Compounding the
socioeconomic problem is the transient nature of some symptom-
atic arrhythmia, such as sinoatrial block or ventricular
tachycardia (VT). The rudimentary nature of diagnosis often
results in a missed diagnosis, causing the patient to remain in the
diagnostic loop indefinitely. Some of the transient arrhythmias,
such as non-sustained VT, can lead to SCD, while others, such as
transient syncope due to sinus node or atrioventricular conduc-
tion disorder, can lead to occupational hazards resulting from
loss of consciousness at precarious times. Living with an arrhyth-
mia can also negatively affect quality of life.10 A majority of phy-
sicians rely on resting ECG or Holter monitors for analysis, both
of which may be inadequate tools for transient arrhythmia detec-
tion since the window of detection (30 s or up to 48 h, respect-
ively) is insufficient for infrequent arrhythmia detection.

Aside from the clinical aspects of efficient arrhythmia man-
agement, patient economics also play a major role in India’s
healthcare system. In India, approximately 70% of all healthcare
expenditure is out of pocket, government health-related spend-
ing is less than 5% of the gross domestic product (GDP) (as
compared with 17.6% of GDP in the USA), and 35% of hospi-
talised Indians fall below the poverty line.11 12 These facts often
place pressure on the cost-conscious Indian consumer when
opting for diagnostics for symptoms investigation or suspected
arrhythmia detection when the certainty of finding a cause is
dubious. Hence, in terms of arrhythmia diagnosis, there exists a
need in India to (1) select an appropriate tool that is both high
yielding and cost effective and (2) employ a suitable patient
selection method. This paper focuses on these two aspects for
cardiac arrhythmia diagnosis using ambulatory monitoring tech-
nology, while keeping in mind the dynamics of the Indian
healthcare setting.

INITIAL ASSESSMENT OF ARRHYTHMIA
For non-emergency situations, proper initial management of a
suspected arrhythmia can lead to successful and efficient identi-
fication and treatment if necessary. Initial assessment includes a
complete medical history relevant to the present symptoms.
This includes date of the index symptoms, duration, any asso-
ciated trauma, any recurrence of the event, medications and
allergies. Symptoms history notation and clinical examination
may not lead to a definite diagnosis in the majority of patients
and often trigger further diagnostic evaluations. Past history of
heart disease, hypertension, diabetes mellitus, surgical history
(with particular attention to previous heart surgery, coronary
artery bypass graft, etc) or any other diseases are also important
to document.

A physical exam focuses on vital signs, haemodynamic stabil-
ity and possible SHD. Blood tests could include troponin level
measurements (for suspected coronary artery disease), urea, cre-
atinine, electrolytes and thyroid function tests.13 Central to the
diagnosis of a cardiac cause is the resting ECG. In India, the
resting ECG is the first tool of choice for suspected arrhythmia
disorders and syncope evaluation (Shrivastav, unpublished data).
Neurological testing is helpful only when additional neuro-
logical symptoms are present, as diagnostic yield of electroen-
cephalography, computer axial tomography, and Doppler
ultrasound is 2–5% in such cases.14 Initial patient examination
in itself has a highly variable yield that is also dependent on the
specific setting, ranging for instance, from 5.2% to 69% in
patients with syncope.15
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Management of arrhythmias in an emergency setting is
important if immediate life-saving measures are required. In a
study of 110 patients admitted for an acute condition, almost
half manifested changes in the ECG, 20% of whom were posi-
tively affected by treatment.16

THE EXTERNAL LOOP RECORDER
External loop recorders (ELRs) are cardiac monitors that help
diagnose suspected cardiac arrhythmias through the use of ambu-
latory monitoring technology. Several varieties of ELRs exist. A
typical modern system includes a monitor that is applied on to
the patient’s chest like a self-adhesive bandage for an extended
monitoring period such as 7 or 14 days. Small form factor chest
patches are available, thereby minimising interference with the
patient’s daily activities. Some offerings are water resistant, allow-
ing the patient to shower without removing the device. The
patient must also carry a cell phone-sized transmitter.17 18

Most advanced ELRs offer an end-to-end patient solution,
complete with near-real-time event monitoring. Event monitors
record segments of ECGs (preindex and postindex event), with
recording initiation triggered by patient activation and/or by an
internal, automatic preprogrammed detection algorithm (auto
triggering). Auto-triggered recorders have significant advantages
over those with only patient-triggered options. Auto-triggered
event recorders record more arrhythmic events (72–80%) than
patient-triggered recorders (17–75%).19 Traced data is transmit-
ted to the doctor’s office, clinic, or hospital. Some event recor-
ders send the data to a monitoring centre which is staffed by
qualified ECG technicians. The trained cardiac technicians at
the monitoring centre analyse the ECGs and send a comprehen-
sive report at the end of the monitoring period. In general, the
ELR is intended for outpatient use, and doctors would place the
ELR on patients in their clinic during outpatient hours. A pilot
trial in India using the ELR was recently completed.20

The device selection for ambulatory monitoring should be
governed by the frequency of symptoms. The ELR has a very
useful role when the frequency of recurrent symptoms is
4–6 weeks.21 Symptoms that are constant can be recorded by
resting ECG, and symptoms that manifest daily can be evaluated
by a 24 or 48 h Holter monitor. Example ECGs from an ELR
are shown in figure 1. For very infrequent symptoms, like once
or twice annually, a longer-term monitoring solution, such as
the implantable loop recorder (ILR) (usable for up to
18 months), as shown in table 1, should be considered.

Recent advances in smartphone technologies have also intro-
duced new possibilities in the realm of cardiac arrhythmia diag-
nosis. Combining the power of the ubiquitous smartphone for
diagnostics and telemedicine has potential to increase access to
healthcare while reducing cost. However, more rigorous
research is required to validate the technology and create a com-
prehensive evidence base.22 23

THE NEED FOR EFFICIENT PATIENT SELECTION
According to the Indian Ministry of Health and Family Welfare,
only 3–5% of Indians are covered by any form of health insur-
ance.24 For those who are covered, 86% saw an average
premium cost increase of over 10% in just 3 years due to the
rising cost of healthcare in India.25 The result is that a majority
of Indian patients are paying for their own medical care.11 Even
for those with coverage, rising healthcare costs are placing some
therapies out of the policy’s sum assured range. Compounding
the problem is the dearth of financial options, which further
promotes a consumerism type of behaviour among middle-class
Indian patients who often shy away from necessary diagnostics

and therapy in lieu of other necessary non-medical expendi-
tures. Delay in treatment may exacerbate the situation, mitigate
early intervention possibilities, and lead to more extensive treat-
ment in the future. Thus, in addition to good clinical practice, a
strong economic case exists for quick and efficient diagnosis of
cardiac arrhythmia and symptoms.

The ultimate diagnostic goal, regardless of presenting aeti-
ology, is to correlate symptoms to disturbances in heart rhythm,
or to show a lack of association of the symptom to a rhythm as
evidence of non-cardiac cause. Efficient diagnosis relies on the
judicious use of tools. A patient may quickly lose confidence
and motivation if a battery of diagnostic tests results in no diag-
nosis. Studies have shown that when standardised diagnostic
algorithms are used, the number of tests required for diagnosis
decreases, and the diagnostic yield of such tests increases sub-
stantially.26 In terms of syncope diagnosis, for example, Croci
and colleagues reported that two or less tests were necessary for
diagnosis of syncope in 66% of patients.27 An initial patient
evaluation before expensive cardiac tests were performed
reduced the number of tests required, and also increased the
diagnostic yield of the subsequent tests. This was most likely
due to the screening of higher-risk cardiac patients.

ELRs are a useful tool for diagnosis of arrhythmia. The
European Heart Rhythm Association’s Task Force on indications
for use of diagnostic implantable and external ECG loop recor-
ders has recommended the use of ELRs as a class IIA indication
in patients with recurrent syncope or presyncope who have28:
▸ intersymptom interval of ≤4 weeks
▸ suspicion of arrhythmic origin
▸ no high-risk criteria that require immediate hospitalisation or

attention.
The Task Force also delineated classes of interpretation for

ILRs and ELRs. Class I: findings are diagnostic when the follow-
ing are met:
▸ correlation is made between an arrhythmia and syncope
▸ without correlation, periods of Mobitz II or 3rd-degree atrio

ventricular (AV) block, or pause greater than 3 s (with some
exceptions during sleep or medication), prolonged atrial or VT

▸ with no correlation, an arrhythmic cause is ruled out when
syncope occurs and no arrhythmia is detected.
Class III: findings are not diagnostic when the following are met:

▸ presyncope without any relevant arrhythmias
▸ asymptomatic arrhythmias
▸ sinus bradycardia without syncope.

The diagnostic yield and usefulness of loop recorders
increases with proper patient selection. Additionally, ambulatory
monitoring with ELRs can be useful for patients with a non-
diagnostic Holter exam, in postacute MI with ejection fraction
(EF) <40%, in patients with history of rheumatic heart disease
(RHD), palpitations, or patients above age 60 years with
depressed EF and structural heart disease. ELRs are also useful
for AF monitoring post ablation and AF monitoring for antiar-
rhythmic drug titration. Regardless of the usefulness of the tool,
diagnostic yield is a function of patient selection. A patient
selection tip card can be used ubiquitously for consistent patient
selection, regardless of the level of training of the physician.
Each of these recommendations for selection of patients for
long-term ambulatory ECG monitoring is considered further.

PATIENT SELECTION, DIAGNOSTIC YIELD AND SYMPTOM
FREQUENCY
Syncope
Syncope is defined as a sudden, transient loss of consciousness,
typically occurring when a fall in blood pressure disrupts the
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supply of oxygenated blood to the brain. A patient may faint or
pass out for several seconds during this episode.28–30 The cause
of syncope could be cardiac related (18%), neurogenic (10%),

orthostatic (8%), medication related (3%), psychiatric (2%), or
unknown (34%).31 Syncope-related issues account for a substan-
tial number of emergency department visits in India and around
the world,32 resulting in 3–6% of emergency room visits, and
0.5–2% of hospitalisations annually.33

The diagnosis of syncope is often difficult because of the tran-
sient nature and diverse causes of the event. The full workup
for syncope is well described elsewhere.31 Holter monitors are
commonly used with syncopal patients, with a yield of 6–
20%.34 However, the Holter diagnostic yield is largely overesti-
mated. Among 826 elderly syncopal patients, the overall diag-
nostic yield was 8.6%.30 Additionally, 4.4% of patients whose
symptoms were not explained by Holter recordings received a
pacemaker, compared with 5.4% of those whose symptoms

Figure 1 1st panel: 2nd-degree atrio
ventricular (AV) block. 2nd panel:
1st-degree AV block. 3rd panel:
Paroxysmal atrial fibrillation with and
intermittent ventricular pacing. 4th
panel: Ventricular tachycardia. 5th
panel: Atrial flutter. 6th panel: Sinus
pause.

Table 1 Frequency of symptoms and suggested monitoring
modality

Frequency of symptoms Suggested device

Continuous 12-lead ECG

Daily 24/48 h Holter
Weekly or monthly 7-day external loop recorder
Annual Implantable loop recorder
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were diagnosed by Holter30; thus, a Holter-guided approach to
syncopal patients holds a very low yield. The Holter diagnostic
yield is extremely disappointing in syncopal paediatric patients,
0.4% over 234 patients, where abnormal findings were more
common in children with known SHD.35 In a prospective ran-
domised trial of 100 patients that compared Holter monitors to
loop recorders for obtaining a symptom to rhythm correlation,
loop recorders were more effective than Holter monitors as an
initial diagnostic modality for detecting syncope and presyn-
cope. The overall diagnostic yield for loop recorders for
syncope has been reported to be 56%.36 ILRs have been
reported to have a yield of 50–85% in syncopal patients.37–39

The diagnostic yield of any ambulatory monitoring system is
indeed related to the length of the monitoring period. Studies
have shown that symptom to rhythm correlation was obtained
in 13% of patients within 2 days, whereas 39% correlation was
obtained within 2 weeks.36 A large 17-centre study focused on
the diagnosis of cardiac arrhythmia showed that the mean time
to diagnosis for mobile cardiac outpatient telemetry was 7 days,
and the mean time to diagnosis using ELRs (mainly patient-
activated versions only) was 9 days. The time to diagnosis could
have been shorter if the recorder was equipped with auto trig-
gering algorithms, as yield with auto-triggering features has
been shown to be higher.40 ELRs have the greatest role in
patients whose symptoms present with frequency of recurrence
between 4 and 6 weeks.21 41

Furthermore, previous studies with 24 h Holters have shown
that when patient selection criteria are used with syncopal
patients, diagnostic yield doubled. Sarasin et al demonstrated in a
study of 140 patients that when restricting Holter monitoring to
high-risk patients, yield increased from 6% in unselected patients
to 12% in the high-risk group. The authors further suggest that
using such selection criteria for syncopal patients as an initial step
could avoid a series of other expensive diagnostic procedures.28

Non-diagnostic Holter test
Holter monitoring is non-diagnostic in up to 90% of cases for
recurrent unexplained syncope.42 For symptomatic patients,
inconclusive diagnostic tests can be frustrating and depressing.
In some cases, distress, depression and anxiety can lead to
illness behaviours, ultimately resulting in a lower quality of
life.43 The effect of depression can also lead to low compliance
for medication and less than optimal risk factor control.44 In
the Indian scenario with most patients paying out of pocket, a
series of non-diagnostic tests can affect decisions for further
testing.45 On the contrary, reassuring a patient about benign
vasovagal fainting owing to extended monitoring by an ELR
would significantly impact the quality of life. Clinically, the
results of delaying a diagnosis due to a non-diagnostic Holter
exam can also place patients at risk for a harmful cardiac event,
subject them to unnecessary medical treatment, and promote
the inappropriate use of medical resources.46

Postmyocardial infarction with low EF
Clinically significant arrhythmias may be observed in patients
after acute MI and with low left ventricular EF (≤40%). Such
results were observed in the Cardiac Arrhythmias and RIsk
Stratification after Myocardial infarction (CARISMA) trial, a
multicentre observational centre with 300 patients with low left
EF 2 months after acute MI. Patients were implanted with an
ILR. The arrhythmias detected by the ILR included paroxysmal
AF (21%), permanent AF (4%), atrial tachycardia (7%),
3rd-degree AV block (11%), idioventricular rhythm (7%), and
non-sustained VT (NSVT, 7%).47 The study demonstrated that

NSVT associated with inducible VT or high-degree AV block
were frequent in low EF patients within 2 months post-MI. An
indication for pacemaker or implantable cardioverter defibrilla-
tor was found in nine out of 29 subselected patients.47 An
important finding of this study was the high incidence of
2nd-degree and 3rd-degree AV block associated with an increase
in all-cause mortality and cardiac death.48 Table 2 lists the inci-
dence of cardiac arrhythmias as recorded in the study.
Middle-aged Indian post-MI patients have a worse prognosis
compared with the Western population, total and sudden mor-
tality being 10% and 6.5%, respectively, 1 month after discharge
from the target MI. Notably, 54% of all SCD occurred within
the first month after the MI.6 This observation calls for priori-
tisation of therapeutic interventions in such a young high-risk
population where early detection by ELR monitoring could
potentially impact overall survival. Indeed, the detection of
depolarisation abnormalities and rhythm disorders would
trigger revascularisation interventions and SCD prevention strat-
egies to decrease total mortality.

History of rheumatologic diseases
RHD is a complication of rheumatic fever that manifests as
valvular damage and carditis. An estimated 15.6 million people
worldwide have RHD, with over 200 000 deaths per year
related to this disease.49 Globally, 97% of such cases occur in
developing countries.50 The incidence of RHD in India is on
the rise. A study by the All India Institute of Medical Sciences
(AIIMS) found that the prevalence of RHD among children in
India to be approximately 20.4 cases per 1000.51 RHD also
appears to be more prevalent in adolescents or school-aged chil-
dren.52 Some studies have shown that 90% of cases of RHD are
clinically silent, making the disease very difficult to detect.53

Arrhythmia and conduction defects are common manifesta-
tions for patients with a history of rheumatic diseases. Some of
these problems may arise from the use of certain pharmacologics
to treat the primary rheumatologic condition.53 A list of the
common arrhythmias and conduction deficits associated with
rheumatologic diseases is shown in table 3. Very little research
exists to determine an arrhythmia prevalence rate with RHD.
However, in a recent survey in India, RHD was found to be the
aetiology of AF in 50–60% of patients.54 Other abnormalities
associated with RHD may include bundle branch blocks, non-
specific sinus tachycardia-Twave changes, and atrial and ventricu-
lar premature complexes.52 Significant RHD is usually detected
by echocardiography in symptomatic patients: this may reveal
significant atrial muscle and mitral valve disruption.52 55–57

Long-term monitoring for arrhythmia in RHD patients can
proactively discover threatening arrhythmias. In particular, for

Table 2 Incidence of cardiac arrhythmias recorded by a
implantable cardiac monitor48

Arrhythmia Patient (n) (%) Events

Sinus bradycardia (≤30 bpm, ≥8 bpm) 20 (6.7) 111
Sinus arrest (≥5 s) 16 (5.4) 23
AF (≥125 bpm, ≥16 beats) 82 (27.6) 538
NSVT (≥125 bpm, ≥16 beats, <30 s) 39 (13.1) 64
VT (≥125 bpm, ≥30 s) 9 (3) 20
VF (≥125 bpm, ≥16 beats) 8 (2.7) 19
Any arrhythmia 137 (46.1) 885

AF, atrial fibrillation; NSVT, non-sustained ventricular tachycardia; VF, ventricular
fibrillation; VT, ventricular tachycardia
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patients with AF, the chances of embolic stroke are increased
substantially.58 59 As AF begets AF, the sooner the discovery of
AF, the sooner treatment can be administered, thereby improv-
ing patient survival rates and quality of life.

Structural heart disease patients
The diagnostic yield for syncope has been shown to be higher for
elderly male patients with SHD and low EF. In terms of syncope
detection, the presence of SHD is a major predictive factor with
a sensitivity and specificity of 95% and 45%, respectively. In an
observational perspective study of 2052 patients with unex-
plained syncope who underwent ILR implantation, 58% of the
patients with SHD had an ECG recording, and all but two of the
patients had an arrhythmia during the time of syncope, including
paroxysmal or persistent AV block, atrial tachycardia, sinus
bradycardia or arrest and VTor fibrillation.60

Furthermore, a subgroup analysis of 4877 Holter studies
demonstrated a higher diagnostic yield for syncope for male
patients over age 60 years with SHD and left ventricular ejection
fraction <50%.30 Age seemed to be an important characteristic
for this subgroup, as a diagnosis was found via Holter in 12%
of the patients over age 60 years versus only 2% for those
below 60 years.28 In most situations, Holter monitoring was
performed for 24 h or 48 h. The diagnostic yield for this high-
risk group perhaps could have been increased if the duration of
monitoring were longer.

Palpitations
Palpitations can be described as the feeling of one’s heart skip-
ping a beat. Establishing the cause of palpitations is difficult and
may not always be possible. Palpitations are a very common
symptom to a number of potential cardiac and non-cardiac
issues. Palpitations can be caused by premature atrial or ven-
tricular contractions and can be generally benign. The general
categories of causes of palpitations can include arrhythmia, psy-
chiatric causes (stress, anxiety), drugs and medications, non-
arrhythmic cardiac causes (pericarditis, valvular disease, etc), or
extracardiac causes (fever, anaemia, etc).61

Suspicion of cardiac cause of palpitations can be narrowed by
associating other symptoms along with palpitations, such as
shortness of breath, chest pain, arm pain and so on. To deduce
a cardiac cause of palpitations with more definition, Holter
monitors are often used. However, a controlled clinical trial

concluded that cardiac auto-activated loop recorders yield more
diagnoses and are more cost effective than 48 h Holter monitor-
ing for patients with palpitations.62 The yield for Holter moni-
toring for palpitations is 35–39%.63 Because of the ambiguous
cause of palpitations, it is particularly important to correlate the
symptom with a rhythm. Seven-day loop recorders with patient
activation (so the patient may trigger when symptomatic) would
be appropriate when symptom frequency is less than 4 weeks.

Monitoring for AF
Atrial fibrillation (AF) is a complex disease that is best managed
with early detection and treatment. The risk for embolic stroke
for patients with AF lasting more than 24 h is elevated 3-fold.17
58 In patients implanted with pacemakers capable of monitoring
AF occurrence, asymptomatic AF was detected in 59% of
patients along follow-up, and 38% of patients had asymptom-
atic AF lasting more than 48 h.64 Since AF episodes lasting
>24 h are independently associated with a 3-fold increased risk
of arterial embolism compared with short-lasting AF episodes,65

the importance of an ELR that can measure the AF burden
cannot be overlooked in clinical practice. Indeed, the combin-
ation of symptoms and serial ECG recordings yield only 68%
sensitivity and 58% specificity for symptomatic AF detection in
recurrent AF patients.64

Together, AF and atrial flutter account for 10% of all strokes,
and half of all cardioembolic strokes.66 The prevalence of AF is
>7% among those age 80 years and older.67 In the USA, over 2
million people are living with AF, and 75 000 strokes occur in
such patients annually.68 AF is detected in about 20–25% of
patients with stroke of yet undefined aetiology, but is increasingly
detected in the first week after the target event also in those
patients presenting in sinus rhythm. When Holter monitoring is
extended from 1 day to 7 days after a stroke, AF detection
increases from 4% to 13% of patients.69

A recent study reported that rhythm monitoring after a stroke
event is highly cost effective to prevent recurrences and to
decrease the costs linked to further morbidity.70 However, AF
detection requires maintaining the patient in an expensive envir-
onment with monitoring capability (stroke unit, intensive care
unit) longer than needed, whereas the same task can be accom-
plished by ELRs in a rehabilitation facility.

Studies have shown that increasing the duration of monitor-
ing for AF increases the probability of AF detection.63–66 71 The

Table 3 Common conduction deficits associated with rheumatological diseases

Disease Prevalence Associated arrhythmias Conduction defects

Rheumatoid arthritis 7M in India80 – AV block, BBB
Systemic lupus erythematosus 14–60 per 100 k81 ST, PAC, AFr AV and IV blocks, SSS
Systemic sclerosis ∼250 per 1M82 83 V arrhythmias, PVC, VT BBB, 1AV
Polymyositis and dermatomyositis 2–10 per 1M82 VT (rare) LAH, BBB
Mixed connective tissue disease 2.1 per 1M (Norway), rare in India84 85 ST IV block, complete AV block
Sjogren’s syndrome 3% for those over 50 years82 V arrhythmias (unclear) 1AV, complete AV block
Takayasu arteritis 2.6 per 1M86 V arrhythmias (rare) CHB
Kawasaki disease As high as 60–150 per 100 k in kids <5 years87 VT (rare)
Behcet’s disease <1 case per 100 k in USA88 V arrhythmias (rare)
Wegener’s granulomatosis 3 per 100 k in USA89 SV, AT, AF, AFl
Sarcoidosis 16.5–19 per 100 k90 VT IV blocks
Antiphospholipid syndrome 1–5% of healthy population91 92 V arrhythmias CHB

Modified from Eisen et al.53

1AV, 1st-degree AV block; AFl, atrial flutter; AFr, atrial fibrillation; AT, atrial tachycardia; BBB, bundle branch block; CHB, complete heart block; IV, intraventricular; k, thousand; LAH,
left anterior hemiblock; M, million; PAC, premature atrial contraction; PVC, premature ventricular contraction; SSS, sick sinus syndrome; ST, sinus tachycardia; SV, supraventricular
arrhythmia; V, ventricular; VT, ventricular tachycardia.
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optimal duration of rhythm monitoring is yet undefined, with a
hint that the longer the better; this makes automatically triggered
ELR the ideal tool for AF detection in stroke patients,70 72 with a
potential to the implementation of interventions to decrease
stroke recurrence, thereby impacting patients’ quality of life.
Moreover, Sobocinski et al72 reported the current experience in
249 consecutive patients in Stockholm, with ischaemic stroke
and no prior AF history: when an intermittent 10 s single-lead
ECG recording was obtained twice daily over a 30-day period
after the target event, it detected significantly more patients with
AF than a 24 h Holter monitoring recorded in the first week: 12
of 17 patients with AF were identified by serial ECG recording
only, compared with 2 of 17 by Holter monitoring only.72

Management of AF is a challenging clinical problem in itself.
In the Indian environment, this challenge is often compounded
by the dearth of antiarrhythmic drugs, low penetration of radio
frequency ablation, and the exacerbation of the issue by the
prevalence of rheumatic valvular heart disease.73

There are currently no clinical guidelines that guide practi-
tioners for the use of ambulatory monitoring specifically for AF
patients.74 However, ambulatory arrhythmia monitoring tech-
nology can be beneficial for burden monitoring of paroxysmal
AF, diagnosis of AF as a cause of cryptogenic stroke, and for the
titration of antiarrhythmic therapy.

The rate of AF diagnosis remains low, primarily because of its
often asymptomatic nature. One-third of patients with AF are
unaware of their diagnosis, and a quarter of those with
AF-related stroke had no prior AF diagnosis.63 64 Unfortunately,
Holter monitors have an average yield of only 1–5% for AF
detection.71 Detection of AF often leads to a change in the
medical management of the patient, such as starting oral antic-
oagulation therapy,71 or improving rhythm/rate control to
prevent heart failure-related hospitalisations that are proven to
represent 75% of the global expenditures for heart failure man-
agement.75 Early detection and treatment is preferred, and a
comprehensive monitoring strategy can help achieve this goal.

Ambulatory monitoring has also been proposed to assess the
effects of antiarrhythmic therapy. It provides a quantitative
assessment of drug efficacy. The main theory for this technique
is that serial monitoring of the ECG from a baseline while
adjusting level of therapy will aid in mitigating the frequency or
type of arrhythmia.

The American College of Cardiology, and the American
Heart Association have delineated the following guidelines for
ambulatory ECG assessment for antiarrhythmic therapy.76

Class I: assessment of antiarrhythmic drug response for well-
characterised baselines (reproducible and sufficient frequency).
Class IIa: detection of proarrhythmic responses in high-risk
patients. Class IIb: (1) rate control assessment during AF and
(2) documentation of arrhythmia during antiarrhythmic therapy.

Recent studies also suggest that reliance on symptom mitiga-
tion, or resting ECGs for the abolition of AF, can overestimate
the success rate of ablation procedures and misconstrue patients
with paroxysmal AF as being in sinus rhythm. Forty-eight-hour
Holter monitoring can also lead to success overestimation.
A study of 647 patients involving AF detection demonstrated
that longer-duration monitoring was superior to intermittent
rhythm monitoring for detection of AF.77

CONTRAINDICATIONS FOR AMBULATORY MONITORING
Though long-term ECG monitoring has many diagnostic bene-
fits, it should be avoided for patients with acute medical issues
or high-risk criteria that require immediate medical attention.
The list for such criteria is nondescript, but could include acute

angina, severe anaemia, acute kidney failure, or a plethora of
other pressing issues. Furthermore, some patients may exhibit
contact dermatitis to the self-adhesive ECG electrodes. In such
cases, the skin irritation may interfere with patient compliance.
In India, where much of the subcontinent is subject to a humid
subtropical climate, excessive perspiration may exacerbate this
situation. Though instances of severe rash may be rare, continu-
ation of monitoring should be under the medical management
of the physician and individual patient.

COST EFFECTIVENESS
In India, resting ECG remains the first choice as diagnostic tool
for symptomatic patients with suspected heart disease or
arrhythmia. Over 150 million resting ECGs are performed glo-
bally on an annual basis.78 The yield of the resting ECG, usually
30 s in duration, is only 12%.26 The cost range of a 12-lead
ECG recording in India is between Rs 150 and Rs 500 , inclu-
sive of government hospitals and private centres, respectively
(personal observation). Given the low cost and little time invest-
ment by the patient and hospital staff, the resting ECG seems a
logical first step despite the low yield.

Further investigation is warranted when the primary measures
are ineffective. The next step usually involves referral to a spe-
cialist or Holter monitoring.24 The average cost to the patient
for 48 h Holter monitoring ranges between Rs 1500 and
Rs 3000, much of the variability due to private versus public
institution cost structures. The initial cost for a 7-day ELR can
be more than twice the cost of a 48 h Holter. Upon first evalu-
ation, patients may opt for the diagnostic modality with the
lower upfront cost. However, when the poor diagnostic yield
and low patient compliance of the Holter are taken into
account, the ELR is a much more cost-effective option. This
notion was confirmed in a study of 43 patients who were
selected either for event monitoring or Holter monitoring:
event monitors resulted in a cost saving of US$213 for each
additional diagnostic rhythm strip obtained during symptoms.62

The reduced upfront cost of lower-yielding diagnostics is
often a red herring for more efficacious, longer-duration moni-
toring methods. Patients who select a less expensive diagnostic
method that is for a shorter duration, may not have a useful
result and often ultimately pay for more expensive, higher-
yielding modalities in order to arrive at a diagnosis.

Another often overlooked metric for cost effectiveness is the
amount of time required to analyse collected patient data. A car-
diologist can interpret a Holter monitor recording in 16 min,
provided that background noise, artefacts and QRS classification
are worked out upstream by qualified technicians, whereas ELR
data are interpreted in about 2 min.62 Additionally, if a monitor-
ing centre is used, the work load required by the clinic staff is
reduced as the reporting and interpretation are done by the
ECG-qualified technicians at the centre. Such arrhythmia-
monitoring centres have been shown to reduce the number of
low-risk patients who are unnecessarily referred to specialty
centres,79 thereby limiting resource deployment.

CONCLUSION
Because of limited reimbursement and insurance coverage in
India, the judicious use of high-yield diagnostic tools is import-
ant. Particularly for developing countries, proper patient selec-
tion for diagnosis of arrhythmia can lead to improved patient
outcomes, higher diagnostic yield, more efficient use of medical
resources and less time and money spent by the patient. ELRs
are the paradigm of a cost-effective new technology with a
potential to replace Holter in the workup of patients with
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symptom frequency less than thrice a week that is still largely
underused by the medical community.
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