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ABSTRACT
Objective: To study the impact offunctional class of heart failure (NYHA) on the severity of ventricular arrhythmias in
patients with heart failurebased upon 48 hours ambulatory ECG (Holter) recordings.
Study Design: Descriptive cross sectional study.
Place and Duration of Study: Study was conducted at Armed Forces Institute of Cardiology/National Institute of Heart
Diseases, from April 2013 to August 2013.
Materials and Methods: A descriptive cross sectional study was conducted at Armed Forces Institute of
Cardiology/National Institute of Heart Diseases, from April 2013 to August 2013. In 53 heart failure patients' detailed
history and 2 dimensional echocardiography were recordedto assess the functional class and left ventricular ejection
fraction. Patients were then subjected to 48-hour Holter monitoring using ambulatory (Holter) electrocardiography
recorders. Digital ECG data was acquired and manually edited. Arrhythmias were analyzed for frequency, type and severity.
Statistical analysis was done to determine associations between arrhythmia severity and NYHA class of heart failure.
Results: Male: female ratio was 3.4: 1with mean age of 60 years. Mean ejection fraction was 21.69% and 86% patients had
NYHA class llland IV. 57% of these patients also had severe cardiac arrhythmias.
Conclusion: Prevalence and severity of arrhythmias in heart failure is dependent upon degree of ventricular dysfunction
and presenting NYHA functional class.There is a significantly higher prevalence of severe ventriculararrhythmias amongst

patients with reduced ejection fraction and advanced NYHA functional class.
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Introduction

Heart failure is a complex clinical syndrome leading
to the development of potentially worsening illness.
Severity of disease is reflected by relatively high
morbidity and mortality rates after the onset of
symptomatic heart failure. Most challenging feature
in the management of heart failure is the meticulous
identification of the patients with a poor prognosis
who could benefit from intensive medical therapy or
cardiac transplantation. There are number of factors
responsible for development of potentially lethal
arrhythmias and reduced survival rate in heart
failure patients.” Early evaluation of sign and
symptoms and ejection fraction are the primary
assessments tools employed to determine cardiac
dysfunction in heart failure patients. Cardiologists
can predict survival in heart failure patients by
evaluating the severity of cardiac dysfunction by
assessing New York Heart Association (NYHA)
functional class and left ventricular ejection fraction.
Left ventricular ejection fraction not only helps in
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distinguishing diastolic heart failure from systolic
heart failure it also assists in planning and monitoring
of treatment in heart failure. Clinically evident heart
failure due to systolic dysfunction is characterized by
a significant reduction in left ventricular ejection
fraction. It is generally not apparent until the left
ventricular ejection fraction falls below 35 to 40
percent. However, some patients are asymptomatic
even with left ventricular ejection fraction below 20
percent, while others are moribund with left
ventricular ejection fraction above 30 percent.” In
general reduced left ventricular ejection fraction is
typically associated with poor survival due to both
hemodynamic and electrical instability and mostly
these patients are considered eligible for cardiac
transplantation.” The NYHA classification is
frequently used method to assess the functional
class of heart failure patients. It has been employed
in pharmacological studies to evaluate medical
therapy and to establish mortality rates in heart
failure. In various clinical trials high mortality rates
were observed among patients with advanced NYHA
functional class of heart failure.”” It has been
postulated that in heart failure mechanical factors
such as dilated left ventricle and increased wall strain
due to decreased ejection fraction can change the
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electrophysiological properties of cardiac tissue.*’In
advanced stages of heart failure ventricular
dysfunction results in functional modifications of
cardiaccells resultinginabnormal impulse formation
and propagation leading to fatal arrhythmias and re
hospitalization.”® In animal model of heart failure it
has been observed that mechanical stretch caused
significant prolongation of action potential duration
and membrane recovery time thus, increasing the
incidence of arrhythmias.” In SOLVD (Studies of Left
Ventricular Dysfunction) trial a direct correlation was
found between increase in left ventricular end-
diastolic volume, decrease left ventricular ejection
fraction and the prevalence of ventricular
arrhythmias." Prolonged ambulatory ECG recordings
are generally employed to evaluate myocardial
weakness, autonomic nervous system imbalance
and arrhythmias thus; it helps to predict mortality in
progressive heart failure.” It has proved to be one of
the most cost-effective clinical tools in the
assessment of ventricular and supra-ventricular
arrhythmias. The severity of arrhythmias is assessed
using modified Lown grade classification system. It is
based upon presence and number of premature
ventricular contractions (PVCs) on Holter ECG
recordings."”

Early recognition and management of acutely ill
patients, aid in reducing the progression to severe
disease and fatal arrhythmic complications.*
Measurement of left ventricular ejection fraction or
assessment of NYHA class is considered as an
important tool in determining prognosis and
estimating survival in heart failure. Keeping these in
view present study was planned to study the
association of electrical instability i.e.
arrhythmogenesis with the severity of heart failure
considering both the functional class and left
ventricular ejection fraction with an objective to
highlight the importance of early detection and
timely management in improving the overall
outcome of heart failure patients.

Materials and Methods

A descriptive, cross sectional study was conducted at
Armed Forces Institute of Cardiology/National
Institute of Heart Diseases, Rawalpindi (AFIC/NIHD),
from April 2013 to August 2013. A formal approval
was taken from Medical Ethics Committee of Army
Medical College and Institutional Review Board of
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AFIC/NIHD, followed by an informed written consent
from all the patients.53 patients with a diagnosis of
chronic heart failure from either sex, having left
ventricular ejection fraction < 40 % were included in
the study based upon convenience sampling. Careful
history and clinical examination were recorded to
assess the exact functional class of heart failure. For
all the patients two dimensional echocardiography
was carried out to confirm left ventricular ejection
fraction. Patients fulfilling the inclusion criteria
underwent ambulatory ECG recording for 48 hours
using Holter monitors. Three different types of
Holter recorders Life Card CF, DMS 300-4A and DMS
300-7A, available at AFIC/ NIHD, were used in this
study. After 48 hours of recording, the digital ECG
data was transferred from Holter recorders to the
computer having compatible software. Out of three
channels, the one which displayed best ECG
recording and with least artifacts was selected. The
data was edited with extreme care using visual
checks and manual correction of all QRS complexes
(individual beats). All the erroneous beats were
identified and edited from data. After editing, the
Holter ECG data was analyzed for site of origin,
various types and severity of cardiac arrhythmias
using 'Life card CF Holter software (pathfinder
700)'and 'DMS serial Holter software premier 12'
compatible with Life Card CF and DMS 300-4A/DMS
300-7A respectively. Data was statistical analyzed
using IBM SPSS version 21. Frequency and
percentages were calculated for qualitative
variables. Mean and standard deviation (SD) were
calculated for quantitative variables. Chi-square test
was applied to study association between ejection
fraction, NYHA class and ventricular arrhythmias. P-
value of < 0.05 was considered as significant.
Results

The mean age of patients was 57.68 + 16.41 years
and male to female ratio was 3.4:1.Mean ejection
fraction (%) on 2 dimensional echocardiography
21.69 + 6.3(Mean  SD).42 out of 53 patients
displayed evidence of ventricular arrhythmias during
48 hours Holter recording. Descriptive analysis of
functional class of heart failure revealed 54.8 %
patients had NYHA class Ill and 31% had NYHA class
IV (Figl). Most of the patients had advanced heart
failure, evident by statistically significant correlation
between NYHA and ejection fraction (p value <0.05).
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Fig 1: Frequency of heart failure patients according to
NYHA Classification
Patients having arrhythmias were classified on the
basis of severity of arrhythmias in accordance with
modified lown grading system as described by Rayan
etal., and adopted by many others"*’ Lown grades 0
(no PVC) and 1 (< 30 PVCs/hour) were classified as
mild arrhythmias, Lown grades 2 (= 30 PVCs/hour)
and 3 (multiform/multifocal PVCs) as moderate and
Lown grades 4a (2 consecutive PVCs), 4b
(multiform/multifocal PCVs and couplets) and 5 (3 or
more consecutive PVCs) were classified as severe
arrhythmias. Descriptive analysis of arrhythmias
severity revealed 57.14% of patients (24 out of 42)
had severe arrhythmias according to Lown grade
classification.
Statistically significant association was seen
between severity of ventricular arrhythmias and
functional class of heart failure. Most of the patients
with severe arrhythmias had NYHA class Ill and IV
(Table 1), indicating severity of heart failure is related
with the high risk of developing fatal ventricular
arrhythmias

Table I: Association of NYHA classification with severity
of ventricular arrhythmia

NYHA Severity of arrhythmia Total |p-value
classification Mild Moderate |Severe
NYHA I 6 0 0 6
NYHA I 0 12 11 23
NYHA IV 0 0 13 13 0.001"
Total 6 12 24 42

(14.28%) | (28.57%) |(57.14%) |(100%)

*p-value is significant (< 0.05)

Discussion

Sudden cardiac death either due to electrical or
mechanical instability is the major cause of deaths
among heart failure patients. More than half of
deaths in advanced heart failure are sudden, mostly
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due to ventricular tachycardia degenerating into
ventricular fibrillation.” Despite all the advancement
in modern therapeutic measures the mortality and
morbidity rates remain high in patients with heart
failure.” In the current study we analysed ventricular
arrhythmias on the basis of severity of arrhythmia
according to modified lown grading system.”” Six of
our patients (14.28%) had mild arrhythmias (lown
grade 0 and 1), 12 (28.57%) had moderate
arrhythmias (lown grade 2) and 24 patients (57.14%)
had severe complex ventricular arrhythmias (lown
grade 4a, 4b and 5). In a multicenter cohort study, Liu
et al., analyzed the impact of potentially lethal
ventricular arrhythmias on long term outcome in
patients with chronic heart failure. In their study,
data of 1080 patients were utilized to determine the
presence of potentially lethal ventricular
arrhythmias (severe arrhythmias). The results
showed that 33.5% patients in the age group of 45 to
65 years had severe ventricular arrhythmias. In our
study the percentage of patients with severe
arrhythmias was higher (57.14%) as compared to the
results of Liu. This variation in results may be due to a
very important difference in the inclusion criteria of
the two studies. We included heart failure patientsin
our study with ejection fraction equal to or below
40% with mean ejection fraction of 22.5% whereas
the ejection fraction of patients in the study
conducted by Liu,” was equal to or below 45%. Due
to better ejection fraction, the percentageof severe
arrhythmias might have been reduced in their study.
Bounhoure et al studied severity of ventricular
arrhythmias and sudden death in heart failure
patients.” They reported that about 60% of their
patients had severe arrhythmias. Deaths among
their patients resulted from ventricular tachycardia
degenerating into ventricular fibrillation. Tedesco et
al., studied sudden cardiac death in patients with
chronic heart failure.” Results of their study showed
that approximately 50% of deaths in patients with
chronic heart failure were sudden and were due to
severe ventricular arrhythmias. As we could not do
follow up of our patients, we could not gather data
regarding mortality rate in our study population.
However, mortality can indirectly be predicted by
considering statistics regarding severity of
ventricular arrhythmias. In our study,
57.14%patients were found to have severe
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arrhythmias. The results of our study are comparable
to those of Bounhoure et al., and Tedesco et al., who
reported incidence of sudden death in heart failure
patients as 60% and 50% respectively. This could be
concluded from results that more than half (57.14%)
of our patients with chronic heart failure were at the
risk of sudden arrhythmogenic cardiac deathdue to
severe ventricular arrhythmias. Based upon this
data, patients with chronic heart failure who are at
high risk of sudden cardiac death can be screened
out for further specific management. The severity of
heart failure influences the type and mechanism of
arrhythmias. Sudden cardiac death due to
ventricular tachyarrhythmia is very common in
patients with symptomatic acute or chronic heart
failure and left ventricular systolic dysfunction.” In
the last decade predictive parameters for
tachyarrhythmias were identified and revealed
decreased left ventricular ejection fraction to be a
significant predictor of arrhythmia risk in the
patients diagnosed with heart failure and dilated
cardiomyopathy.”* Most of the studies identified
ventricular dysfunction to be the major cause of
ventricular arrhythmia and considered them to be
responsible for sudden death.”* In current study we
evaluated the severity of heart failure on the basis of
NYHA classification and ejection fraction. Most of
our patients had advanced heart failure as evident by
lowness of ejection fraction. Mean ejection fraction
of our patients was 21.69 + 6.3(Mean + SD). Most of
the patients had significant cardiac dysfunction as
54.8% patients had NHYA class lll and 31% were short
of breath even at rest (NYHA class IV). Statistically
significant correlation was seen between reduced
ejection fraction and advanced functional class of
heart failure. p value was <0.05.

In general, survival is shorter in patients with lower
left ventricular ejection fraction. In a study the
relationship between left ventricular ejection
fraction and outcome was evaluated in 5010
patients. Baseline echocardiograms were obtained.
The patients were studied over 23 months. It was
observed that decreasing left ventricular ejection
fraction was associated with increasing mortality.
Patients with mean left ventricular ejection fraction
of 35 percent had a significantly lower mortality rate
than those having mean left ventricular ejection
fraction of 17 percent.” Left ventricular ejection
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fraction below 20 percent was typically associated
with worst survival. In heart failure with severe
ventricular dysfunction ventricular premature
contractions are frequent and complex and occur in
70 to 95% of patients.” According to lown grade
system increased frequency of ventricular
premature contractions is associated with severe
arrhythmias. Studies have shown that frequent
premature contractions can cause or exacerbate left
ventricular dysfunction. Treatment with standard
medical therapy for heart failure along with anti-
arrhythmic drugs and catheter ablation results in
significant reduction in ventricular premature
contractions and marked improvement in left
ventricular function.”

Frequency of heart failure is continuously on rise in
our population. Most of the patients experience
sudden cardiac death due to severe arrhythmias.
Genesis of arrhythmias in heart failure is dependent
upon degree of ventricular dysfunction and
presenting NYHA functional class, causing
electrophysiological changesin heart, thus leading to
arrhythmias.

Conclusion

The patients with severe left ventricular dysfunction
are at high risk of developing potentially lethal and
fatal arrhythmias leading to sudden cardiac death.
Therefore a thorough assessment of the functional
class of heart failure based upon history and clinical
examination and vigilant assessment of ejection
fraction should be the part of the initial evaluation of
heart failure patients.

REFERENCES

1. Bleumink GS, Knetsch AM, Sturkenboom MC, Straus SM,
Hofman A, Deckers JW, et al. Quantifying the heart failure
epidemic: prevalence, incidence rate, lifetime risk and
prognosis of heart failure The Rotterdam Study. European
heartjournal. 2004;25(18):1614-9.

2. Levy WC, Mozaffarian D, Linker DT, Sutradhar SC, Anker SD,
Cropp AB, et al. The Seattle Heart Failure Model: prediction
of survival in heart failure. Circulation. 2006;113(11):1424-
33.

3. Rudski LG LW, Afilalo J, Hua L, Handschumacher MD,
Chandrasekaran K, Solomon SD, etal. Guidelines for the
echocardiographic assessment of the right heartin adults: a
report from the American Society of Echocardiography
endorsed by the European Association of
Echocardiography, a registered branch of the European
Society of Cardiology, and the Canadian Society of
Echocardiography. Journal of the American Society of



JIIMC 2014 Vol. 9, No. 2

10.

11.

12.

13.

Echocardiography : official publication of the American
Society of Echocardiography. 2010;23:685-713.

Vinch CS, Aurigemma GP, Hill JC, Gaasch WH, Volturo G,
Tighe DA, et al. Usefulness of clinical variables,
echocardiography, and levels of brain natriuretic peptide
and norepinephrine to distinguish systolic and diastolic
causes of acute heart failure. The American journal of
cardiology. 2003;91(9):1140-3.

Solomon SD, Anavekar N, Skali H, McMurray JJ, Swedberg K,
Yusuf S, et al. Influence of ejection fraction on
cardiovascular outcomes in a broad spectrum of heart
failure patients. Circulation. 2005;112(24):3738-44.

Hunt SA AW, Chin MH, Feldman AM, Francis GS, Ganiats TG,
Jessup M, etal. American College of Cardiology; American
Heart Association Task Force on Practice Guidelines;
American College of Chest Physicians; International Society
for Heart and Lung Transplantation; Heart Rhythm Society.
ACC/AHA 2005 Guideline Update for the Diagnosis and
Management of Chronic Heart Failure in the Adult: a report
of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Writing
Committee to Update the 2001 Guidelines for the
Evaluation and Management of Heart Failure): developed
in collaboration with the American College of Chest
Physicians and the International Society for Heart and Lung
Transplantation: endorsed by the Heart Rhythm Society.
Circulation. 2005 112(12):154-235.

Dickstein K CSA, Filippatos G, McMurray JJ, Ponikowski P,
Poole-Wilson PA, Stromberg A, etal. ESC guidelines forthe
diagnosis and treatment of acute and chronic heart failure
2008: the Task Force for the diagnosis and treatment of
acute and chronic heart failure 2008 of the European
Society of Cardiology. Developed in collaboration with the
Heart Failure Association of the ESC (HFA) and endorsed by
the European Society of Intensive Care Medicine (ESICM).
European journal of heart failure. 2008;10:933-89.

Lo R, Hsia HH. Ventricular arrhythmias in heart failure
patients. Cardiology clinics. 2008;26(3):381-403.

Levy D, Kenchaiah S, Larson MG, Benjamin EJ, Kupka MJ, Ho
KK, et al. Long-term trends in the incidence of and survival
with heart failure. The New England journal of medicine.
2002;347(18):1397-402.

Liu YH, Su JY, Wang LJ, Li JP, Zhou QF, Gan Q, et al. Impact of
potentially lethal ventricular arrhythmias on long-term
outcome in patients with chronic heart failure. Chinese
medical journal.2012;125(4):563-8.

Zhu WX, Johnson SB, Brandt R, Burnett J, Packer DL. Impact
of volume loading and load reduction on ventricular
refractoriness and conduction properties in canine
congestive heart failure. J Am Coll Cardiol. 1997;30(3):825-
33.

Koilpillai C, Quinones MA, Greenberg B, Limacher MC,
Shindler D, Pratt CM, et al. Relation of ventricular size and
function to heart failure status and ventricular dysrhythmia
in patients with severe left ventricular dysfunction. Am J
Cardiol. 1996;77(8):606-11.

Cygankiewicz |, Zareba W, de Luna AB. Prognostic value of
Holter monitoring in congestive heart failure. Cardiology

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

Functional Class of Heart Failure and Ventricular Arrhythmia

journal.2008;15(4):313-23.

Zipes DP, Camm AJ, Borggrefe M, Buxton AE, Chaitman B,
Fromer M, et al. ACC/AHA/ESC 2006 guidelines for
management of patients with ventricular arrhythmias and
the prevention of sudden cardiac death--executive
summary: A report of the American College of
Cardiology/American Heart Association Task Force and the
European Society of Cardiology Committee for Practice
Guidelines (Writing Committee to Develop Guidelines for
Management of Patients with Ventricular Arrhythmias and
the Prevention of Sudden Cardiac Death) Developed in
collaboration with the European Heart Rhythm Association
and the Heart Rhythm Society. European heart journal.
2006;27(17):2099-140.

Dziubinski M. PocketECG: a new continuous and real-time
ambulatory arrhythmia diagnostic method. Cardiology
journal.2011;18(4):454-60.

Lellouche N, De Diego C, Boyle NG, Wiener |, Akopyan G,
Child JS, et al. Relationship between mechanical and
electrical remodelling in patients with cardiac
resynchronization implanted defibrillators. Europace :
European pacing, arrhythmias, and cardiac
electrophysiology : journal of the working groups on cardiac
pacing, arrhythmias, and cardiac cellular electrophysiology
of the European Society of Cardiology. 2011;13(8):1180-7.
Lown B WM. Sudden cardiac death: the major challenge
confronting contemporary cardiology. Circulation.
1971;44(1):130-42.

Bethge KP. Classification of arrhythmias. Journal of
cardiovascular pharmacology. 1991;17 Suppl 6:513-9.

Ryan M, Lown B, Horn H. Comparison of ventricular ectopic
activity during 24-hour monitoring and exercise testing in
patients with coronary heart disease. The New England
journal of medicine. 1975;292(5):224-9.

Neri R, Mestroni L, Salvi A, Camerini F. Arrhythmias in
dilated cardiomyopathy. Postgraduate medical journal.
1986;62(728):593-7.

Eckardt L, Haverkamp W, Johna R, Bocker D, Deng MC,
Breithardt G, et al. Arrhythmias in heart failure: current
concepts of mechanisms and therapy. Journal of
cardiovascular electrophysiology. 2000;11(1):106-17.

Ho KK, Pinsky JL, Kannel WB, Levy D. The epidemiology of
heart failure: the Framingham Study. Journal of the
American College of Cardiology. 1993;22(4 Suppl A):6A-
13A.

Lown B WM. Approaches to Sudden Death from Coronary
Heart Disease. Circulation. 1971;44(1):130-42.

Liu YH, Su JY, Wang LJ, Li JP, Zhou QF, Gan Q, et al. Impact of
potentially lethal ventricular arrhythmias on long-term
outcome in patients with chronic heart failure. Chinese
medical journal.2012;125(4):563-8.

Bounhoure JP, Galinier M, Boveda S, Albenque JP.
[Ventricular arrhythmias, sudden death and heart failure].
Bulletin de I'Academie nationale de medecine.
2010;194(6):997-1007; discussion -8.

Tedesco C, Reigle J, Bergin J. Sudden cardiac death in heart
failure. The Journal of cardiovascular nursing.
2000;14(4):38-56.

Pastor-Perez FJ, Manzano-Fernandez S, Goya-Esteban R,

15



JIIMC 2014 Vol. 9, No. 2

28.

29.

30.

31.

32.

Pascual-Figal DA, Barquero-Perez O, Rojo-Alvarez JL, et al.
Comparison of detection of arrhythmias in patients with
chronic heart failure secondary to non-ischemic versus
ischemic cardiomyopathy by 1 versus 7-day holter
monitoring. The American journal of cardiology.
2010;106(5):677-81.

Raphael C, Briscoe C, Davies J, lan Whinnett Z, Manisty C,
Sutton R, et al. Limitations of the New York Heart
Association functional classification system and self-
reported walking distances in chronic heart failure. Heart.
2007;93(4):476-82.

Grimm W, Christ M, Bach J, Muller HH, Maisch B.
Noninvasive arrhythmia risk stratification in idiopathic
dilated cardiomyopathy: results of the Marburg
Cardiomyopathy Study. Circulation. 2003;108(23):2883-91.
Meyer C, Schueller P, Rodenbeck A, Hennersdorf M, Merx
M, Winter J, et al. Primary and secondary prevention of
ventricular arrhythmias in dilated cardiomyopathy:
nonsustained, sustained, and incessant. International heart
journal.2009;50(6):741-51.

Bursi F, Weston SA, Redfield MM, Jacobsen SJ, Pakhomov' S,
Nkomo VT, et al. Systolic and diastolic heart failure in the
community. JAMA : the journal of the American Medical
Association. 2006;296(18):2209-16.

Yancy CW, Lopatin M, Stevenson LW, De Marco T, Fonarow
GC. Clinical presentation, management, and in-hospital
outcomes of patients admitted with acute decompensated

33.

34,

35.

36.

Functional Class of Heart Failure and Ventricular Arrhythmia

heart failure with preserved systolic function: a report from
the Acute Decompensated Heart Failure National Registry
(ADHERE) Database. Journal of the American College of
Cardiology. 2006;47(1):76-84.

Hynes BJ, Luck JC, Wolbrette DL, Boehmer J, Naccarelli GV.
Arrhythmias in Patients with Heart Failure. Current
treatment options in cardiovascular medicine.
2002;4(6):467-85.

Wong M, Staszewsky L, Latini R, Barlera S, Glazer R, Aknay N,
et al. Severity of left ventricular remodeling defines
outcomes and response to therapy in heart failure:
Valsartan heart failure trial (Val-HeFT) echocardiographic
data. Journal of the American College of Cardiology.
2004;43(11):2022-7.

Teerlink JR, Jalaluddin M, Anderson S, Kukin ML, Eichhorn
EJ, Francis G, et al. Ambulatory ventricular arrhythmias in
patients with heart failure do not specifically predict an
increased risk of sudden death. PROMISE (Prospective
Randomized Milrinone Survival Evaluation) Investigators.
Circulation. 2000;101(1):40-6.

Bogun F, Crawford T, Reich S, Koelling TM, Armstrong W,
Good E, et al. Radiofrequency ablation of frequent,
idiopathic premature ventricular complexes: comparison
with a control group without intervention. Heart rhythm :
the official journal of the Heart Rhythm Society.
2007;4(7):863-7.

16



