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Objectives: Carvedilol therapy reduces the severity of
the ventricular dysfunction, increases left ventricular
ejection fraction and reduces the mortality and morbidity.
However, the effect of carvedilol on P-wave dispersion
and P-wave duration in patients with systolic heart failure
is unknown. In the present study, we aimed to evaluate
the effect of carvedilol therapy on P-wave duration and
P-wave dispersion in patients with heart failure.

Patients and Methods: Fifty-six patients with heart failure
and a left ventricular ejection fraction less than 40% were
prospectively included in the study. Carvedilol was adminis-
tered in addition to standard therapy for heart failure. Clinical
examination and radionuclide study and baseline maximum
and minimum P-wave duration and P-wave dispersion mea-
surements were performed for each patient at the beginning
and at the end of the fourth month of carvedilol therapy.

Results: Maximum P-wave duration and P-wave disper-
sion significantly decreased, left ventricular ejection frac-
tion and NYHA functional class improved by carvedilol
therapy (Maximum P-wave duration; from 126+9 ms to
120+7ms; p=0.001, P-wave dispersion; from 51+7 ms to
4645 ms; p=0.001).

Conclusion: Carvedilol therapy directly or indirectly
reduces maximum P-wave duration and P-wave disper-
sion. This may lead to a reduction in the occurrence of
atrial fibrillation in patients with heart failure.

Key words: Carvedilol; heart failure; P-wave duration; P-wave
dispersion.

Amag: Karvedilol tedavisi, sol ventrikil ejeksiyon frak-
siyonunu artinr, ventrikiler disfonksiyonun siddetini,
morbidite ve mortaliteyi azaltir. Ancak sistolik kalp
yetmezlikli hastalarda karvediloliin P dalga dispersi-
yonu ve suresi Uzerine etkileri bilinmemektedir. Bu
calismada kalp yetmezligi olan hastalarda karvediloliin
P dalga stresi ve dispersiyonu lzerine olan etkilerini
arastirdik.

Hastalar ve Yontemler: Sol ventrikil ejeksiyon fraksi-
yonu %40’in altinda olan kalp yetmezlikli 56 hasta ileriye
dénik olarak calismaya alindi. Karvedilol kalp yetmez-
liginin standart tedavisine ek olarak verildi. Baslangicta
ve karvedilol tedavisinin dérdiincl ayinda fizik muayene,
radyonuklid calisma ve baglangic maksimum ve mini-
mum P-dalga siresi ve P-dalga dispersiyonu él¢ctimleri
yapildi.

Bulgular: Karvedilol tedavisi ile maksimum P dalga
slresi ve P-dalga dispersiyonu belirgin olarak azaldi. Sol
ventrikul ejeksiyon fraksiyonu ve NYHA fonksiyonel sinifi
karvedilol tedavisi sonrasi diizeldi. (Maksimum P-dalga
slresi; 126+9 ms’den 120+7ms’ye; p=0.001, P- dalga dis-
persiyonu; 51+7 ms’den 46+5 ms’ye geriledi; p=0.001).
Sonug: Karvedilol tedavisi maksimum P-dalga siresi
ve P-dalga dispersiyonunu direkt (dogrudan) ve indirekt
(dolayh) olarak azaltir. Bu kalp yetmezligi olan hastalar-
da atriyal fibrilasyon gérilme sikhigini azaltabilir.

Anahtar sézcukler: Karvedilol; kalp yetmezIigi; P-dalga suresi;
P-dalga dispersiyonu.
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P-wave dispersion is a new and simple electro-
cardiographic marker that has been reported to
be associated with inhomogeneous and discon-
tinuous propagation of sinus impulses.!"? It has
been defined as the difference between short-
est and longest P-wave durations.!"! Prolonged
P-wave duration and increased P-wave disper-
sion have been reported to carry an increased
risk for atrial fibrillation.'* Dilated cardiomyo-
pathy imposes the greatest risk for the devel-
opment of atrial fibrillation.”! Recently, it has
been reported that patients with heart failure
have prolonged P-wave duration and increased
P-wave dispersion compared to healthy popula-
tion.”! Carvedilol is a non-selective beta-blocker
(B1/P2 rate of 7.3) with a-blockage, vasodilata-
tion, and antioxidant effects.l! Recent literature
indicated that carvedilol use in patients with
heart failure reduced the severity of the ven-
tricular dysfunction, increased ejection fraction
and consequently reduced the mortality and
morbidity rates.”” However, to the best of our
knowledge, the effect of carvedilol on P-wave
dispersion and P-wave duration in patients with
systolic heart failure has not been investigated
so far. We aimed to evaluate the effect of carve-
dilol therapy on P-wave dispersion and P-wave
duration in patients with systolic heart failure.

PATIENTS AND METHODS

Patients who admitted to the department of
cardiology of our institution with a diagnosis
of heart failure were screened and 56 of them
were prospectively included in the study. The
inclusion criteria were the presence of NYHA
class II-IV heart failure, left ventricular ejection
fraction less than 40%, and the current treatment
for heart failure with standard therapy includ-
ing: diuretics, angiotensin-converting enzyme
inhibitors and digoxin at a stable dosage for
at least six weeks. Criteria for exclusion from
the study were: chronic obstructive pulmonary
disease, significant valvular heart disease, thy-
rotoxicosis, hypothyroidism, chronic kidney and
liver diseases, malignancy, anemia (Hb<9gr/dl),
systolic blood pressure lower than 90 mmHg,
heart rate lower than 50/min, and first- or sec-
ond-degree heart block. Patients receiving anti-
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arrhythmic drugs or beta-blockers, patients with
a permanent pacemaker, indiscernible P-waves
in greater than 4 leads on a baseline 12-lead ECG
and psychiatric problems were also excluded
from the study. The initial dose of carvedilol
was 3.125 mg bid, which was doubled at 2-week
intervals and tolerated up to 25 mg bid. Patients
were continued on their conventional heart fail-
ure treatment in addition to carvedilol. Standard
ECG recordings, NYHA functional class and
ejection fraction with radionuclide ventriculog-
raphy of all patients were evaluated at baseline
and the end of the fourth months of carvedilol
therapy. The functional class was considered to
have improved if the patient’s functional status
increased =1 grade of the NYHA classification.

Radionuclide study

We used a multiple-gated equilibrium cardi-
ac-blood-pool scintigraphic technique to mea-
sure left ventricular ejection fraction (Siemens,
Erlangen). Imaging was performed in the left
anterior oblique projection, which provided the
best septal separation of the ventricles with a 0°
to 10° caudal tilt. Calculation of left ventricular
performance was made as described elsewhere
with the automatic edge-detection algorithm for
the determination of left ventricular borders.!!
All studies were interpreted by two observers
(ET, MA) who were blinded to the treatment
assigned. The left ventricular ejection fraction
rates were calculated. Radionuclide study was
performed at baseline and then repeated at the
fourth months.

Measurement of P-wave duration and

dispersion

Basal simultaneous 12-lead electrocardiogram
was recorded for each patient at a rate of 50
mm/s (Hewlett Packard page writer, Model M
1772A, USA). The measurement of the P-wave
duration were performed manually by two of
the investigators without knowledge of the clini-
cal status of the patients. To improve accuracy,
measurements were performed with calipers and
magnifying lens. The onset of the P-wave was
defined as the junction between the isoelectric
line and the begin of the P-wave deflection and
the offset of the P-wave as the junction between



Effect of Carvedilol on P-Wave Duration and P-Wave Dispersion in Patients with Systolic Heart Failure

Table 1. Patients’ characteristics

Age (years) 60.5+9.7
Sex (male/female) 30 /14

Ischemic/idiopathic (n, %) 18/26

Hypertension (n, %) 24 (54%)
Diabetes mellitus (n, %) 16 (36%)
Tobacco use (n, %) 26 (59%)
Hyperlipidemia (n, %) 12 27%)

the end of the P-wave deflection and the isoelec-
tric line."*1% Maximum and minimum P-wave
durations were measured from the 12-lead sur-
face electrocardiogram. P-wave dispersion was
calculated as the difference between maximum
P-wave duration and minimum P-wave dura-
tion (P-wave dispersion = maximum P-wave
duration — minimum P-wave duration).

Statistical analysis

Data were analyzed using Minitab (Minitab
Inc.; State College, PA, USA). Continuous data
were shown as mean + SD and categorical data
were shown as percentage. The relation of ejec-
tion fraction with P-wave values at baseline
and at the fourth month was investigated with
Pearson’s correlation test. The same test was
used to analyze the relationship between baseline
maximum P-wave duration and P-wave disper-
sion, between fourth month measurements and
between change in maximum P-wave duration
and change in P-wave dispersion. Paired t-test
for continuous variables was used to compare
baseline and fourth month measurements in
patients. All hypothesis testing was two-tailed. A
P value of <.05 was considered significant.

RESULTS

All patients were taking angiotensin-converting
enzyme inhibitor, oral diuretics and digoxin at the
beginning. During follow-up period, six patients
died, six patients’ rthythms were degenerated to
permanent atrial fibrillation. These 12 patients
were not included to statistical analysis about
P-wave duration and P-wave dispersion. The
remaining 44 patients (30 males, 14 females; mean
age 60.519.7 years) completed the follow-up peri-
od in sinus rhythm and continued the carvedilol
therapy. Of them, 18 were ischemic (proved by
coronary angiography), and 26 were nonischemic.
The characteristics of the patients are shown in
Table 1. The mean daily dose of carvedilol was
38+11 mg (range 12.5-50 mg). Statistically sig-
nificant improvement was detected on systolic
blood pressure, resting heart rate, ejection frac-
tion and NYHA functional class at the end of
the fourth month after initiation of carvedilol
therapy (p=0.002, 0.001, 0.003, 0.001, respectively).
Maximum P-wave duration and P-wave disper-
sion were significantly decreased by carvedilol
therapy (maximum P-wave duration; from 126+9
ms to 120+7 ms; p=0.001, P-wave dispersion; from
51+7 ms to 46+5 ms; p=0.001). However, there was
no significant difference between the values of
minimum P-wave duration measured before and
at the end of the fourth month of carvedilol ther-
apy (from 74+4 ms to 73+4 ms; p=0.600). In addi-
tion, ejection fraction was negatively correlated
with maximum P-wave duration and P-wave dis-
persion at the baseline and at the end of the fourth
month of carvedilol therapy. Electrocardiographic
and clinical variables were shown in Table 2.

Table 2. Results at baseline and at the end of the fourth month of carvedilol therapy

Baseline (n=44) Fourth month (n=44) P
Systolic BP (mmHg) 123+17 112+14 0.002
Diastolic BP (mmHg) 7419 71£11 0.270
Heart rate (bpm) 8249 74+7 0.001
LVEF (%) 21.4+8.8 27.8+10.8 0.003
NYHA class (I/II/III/IV, n) 0,20,24,0 16,22,6,0 0.001
Max. P-wave duration (ms) 12649 120+7 0.001
Min. P-wave duration (ms) 74+4 73+4 0.600
P-wave dispersion (ms) 51+7 4645 0.001

LVEEF: Left ventricular ejection fraction; Min: minimum; Max: maximum; NYHA: New York Heart Association.
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DISCUSSION

To the best of our knowledge, this is the first
report to evaluate the effect of carvedilol therapy
on-P wave duration and P-wave dispersion in
patients with heart failure. The major finding
of our study is that carvedilol therapy leads
to a significant decrease in maximum P-wave
duration and P-wave dispersion in patients
with systolic heart failure. P-wave dispersion
first described by Dilaveris et al.! in 1998 as
the difference between maximum and mini-
mum P-wave duration measured on the stan-
dard 12-lead surface electrocardiogram. It has
been reported to be associated with inhomoge-
neous and discontinuous propagation of sinus
impulses."” Prolonged P-wave duration and
increased P-wave dispersion have been reported
to carry an increased risk for atrial fibrillation.!"?!
Moreover, the correlation between inter-atrial
and intra-atrial conduction abnormalities and
the induction of paroxysmal atrial fibrillation
has been well documented.”! Senen et al.!
showed that maximum P-wave duration and
P-wave dispersion were significantly higher in
patients with systolic heart failure than normal
population. Atrial fibrillation affects approxi-
mately 2 million people in the United States
and is a common comorbidity among patients
with heart failure."! Furthermore, 13% to 27%
of atrial fibrillation patients have chronic heart
failure and left ventricular dysfunction.'*"® The
mortality and morbidity of atrial fibrillation
is mainly related to thromboembolic conse-
quences.'*1 The mortality rate is approximately
doubled in patients with atrial fibrillation com-
pared with patients in normal sinus rhythm and
is linked to the severity of heart disease.!"* Atrial
fibrillation is also associated with loss of atrial
contractile functioning and may result in hemo-
dynamic deterioration. This hemodynamic dete-
rioration may result in exacerbation of chronic
heart failure symptoms and impaired exercise
tolerance.!'*!%

We have shown a statistically significant
increase in ejection fraction and NYHA function-
al class by adding carvedilol to the treatment.
Carvedilol is known to reduce morbidity and
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mortality and to improve hemodynamic status
in patients with heart failure across a broad
spectrum of clinical severity. Recent data indi-
cate that these benefits extend to patients with
chronic heart failure complicated by atrial fibril-
lation."” Carvedilol provides incremental bene-
fits in the rate control when used in combination
with digoxin, the standard therapy for heart fail-
ure patients with persistent atrial fibrillation.!"®!
Carvedilol was also shown to reduce the inci-
dence of recurrent atrial fibrillation recurrence
after cardioversion.>? Moreover, in a recent
prospective study of patients undergoing coro-
nary artery bypass graft or cardiac valve surgery,
carvedilol demonstrated a marked reduction in
the incidence of postoperative atrial fibrillation,
when compared to metoprolol or atenolol.*!!
Carvedilol’s antiarrhythmic potential was also
shown in the Carvedilol Post-Infarct Survival
Control in the Left Ventricular Dysfunction
(CAPRICORN) study® and the Carvedilol
Prospective Randomized Cumulative Survival
(COPERNICUS) trial.®!l' A 59% risk reduction
in the development of atrial flutter/fibrillation
identified as an adverse event was seen with
carvedilol versus placebo in the CAPRICORN
trial. Likewise in COPERNICUS, atrial fibrilla-
tion was more commonly reported as an adverse
event in the placebo group versus the carvedilol
group.

In our study, P-wave dispersion and maxi-
mum P-wave duration were significantly
decreased with adding carvedilol to the heart
failure patients’ medication. Camsari et al.l!
showed that metoprolol treatment was associat-
ed with a decreased maximum P-wave duration
and P-wave dispersion in patients with conges-
tive heart failure. The results of their study were
similar to the results of our study. Decreasing in
maximum P-wave duration and P-wave disper-
sion can be thought to be the result of carve-
dilol’s positive hemodynamic effects. Because,
the ejection fraction was significantly correlated
with maximum P-wave duration and P-wave
dispersion at the baseline and at the fourth
month. Cice et al.®! showed that the antiar-
rhythmic efficacy of carvedilol in patients with
heart failure was paralleled by an improvement
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in ejection fraction. Thus, it can be concluded
that P-wave changes depend on improvement
in ejection fraction. Decreasing in maximum
P-wave duration and P-wave dispersion may
also be related to the electrophysiologic effects
of carvedilol. Because Workman et al.* showed
that the action potential duration and effective
refractory period were significantly longer in
myocytes in the right atrium of patients treated
chronically with beta blockers than in myocytes
from non-beta blocked patients. They found
mechanistic evidence that supported the antiar-
rhythmic actions of beta blockade. Moreover,
decrease in maximum P-wave duration and
P-wave dispersion may be related to some of
the additional properties of carvedilol besides its
beta blocking effects.

In conclusion, carvedilol therapy directly
or indirectly reduces maximum P-wave dura-
tion and P-wave dispersion. This may lead to a
reduction in the occurrence of atrial fibrillation
in patients with heart failure.

REFERENCES

1. Dilaveris PE, Gialafos EJ, Sideris SK, Theopistou
AM, Andrikopoulos GK, Kyriakidis M, et al. Simple
electrocardiographic markers for the prediction of
paroxysmal idiopathic atrial fibrillation. Am Heart J
1998;135:733-8.

2. Dilaveris PE, Gialafos E], Andrikopoulos GK, Richter
DJ, Papanikolaou V, Poralis K, et al. Clinical and elec-
trocardiographic predictors of recurrent atrial fibril-
lation. Pacing Clin Electrophysiol 2000;23:352-8.

3. Aytemir K, Ozer N, Atalar E, Sade E, Aksdyek

S, Oviing K, et al. P wave dispersion on 12-lead

electrocardiography in patients with paroxys-

mal atrial fibrillation. Pacing Clin Electrophysiol
2000;23:1109-12.

Kannel WB, Wolf PA. Epidemiology of atrial fibril-

lation. In: Falk RH, Podrid PJ, editors. Atrial fibril-

lation: mechanisms and management. New York:

Raven Press; 1992. p. 81-92.

5. Senen K, Turhan H, Riza Erbay A, Basar N, Saatci
Yasar A, Sahin O, et al. P-wave duration and P-wave
dispersion in patients with dilated cardiomyopathy.
Eur J Heart Fail 2004;6:567-9.

6. Gilbert EM, Abraham WT, Olsen S, Hattler B, White
M, Mealy P, et al. Comparative hemodynamic, left
ventricular functional, and antiadrenergic effects of
chronic treatment with metoprolol versus carvedilol
in the failing heart. Circulation 1996;94:2817-25.

7. Metra M, Giubbini R, Nodari S, Boldi E, Modena
MG, Dei Cas L. Differential effects of beta-blockers
in patients with heart failure: A prospective, ran-
domized, double-blind comparison of the long-term

230

effects of metoprolol versus carvedilol. Circulation
2000;102:546-51.

8. Reiber JH. Quantitative analysis of left ventricular
function from equilibrium gated blood pool scin-
tigrams: an overview of computer methods. Eur ]
Nucl Med 1985;10:97-110.

9. Dilaveris PE, Andrikopoulos GK, Metaxas G, Richter

DJ, Avgeropoulou CK, Androulakis AM, et al. Effects

of ischemia on P wave dispersion and maximum

P wave duration during spontaneous anginal epi-

sodes. Pacing Clin Electrophysiol 1999;22:1640-7.

Dilaveris PE, Gialafos JE. P-wave dispersion: a

novel predictor of paroxysmal atrial fibrillation. Ann

Noninvasive Electrocardiol 2001;6:159-65.

American Heart Association. 2004 Heart and Stroke

Statistical Update. Available from: http://www.

americanheart.org/statistics. Accessed February 11,

2004.

Carson PE, Johnson GR, Dunkman WB, Fletcher RD,

Farrell L, Cohn JN. The influence of atrial fibrillation

on prognosis in mild to moderate heart failure. The

V-HeFT Studies. The V-HeFT VA Cooperative Studies

Group. Circulation 1993;87(6 Suppl):VI1102-10.

Torp-Pedersen C, Meoller M, Bloch-Thomsen PE,

Keober L, Sandee E, Egstrup K, et al. Dofetilide

in patients with congestive heart failure and left

ventricular dysfunction. Danish Investigations of

Arrhythmia and Mortality on Dofetilide Study

Group. N Engl ] Med 1999;341:857-65.

Middlekauff HR, Stevenson WG, Stevenson LW.

Prognostic significance of atrial fibrillation in

advanced heart failure. A study of 390 patients.

Circulation 1991;84:40-8.

Predictors of thromboembolism in atrial fibrillation:

I. Clinical features of patients at risk. The Stroke

Prevention in Atrial Fibrillation Investigators. Ann

Intern Med 1992;116:1-5.

Fuster V, Rydén LE, Asinger RW, Cannom DS, Crijns

HJ, Frye RL, et al. ACC/AHA/ESC Guidelines for

the Management of Patients With Atrial Fibrillation:

Executive Summary A Report of the American

College of Cardiology/American Heart Association

Task Force on Practice Guidelines and the European

Society of Cardiology Committee for Practice

Guidelines and Policy Conferences (Committee to

Develop Guidelines for the Management of Patients

With Atrial Fibrillation) Developed in Collaboration

With the North American Society of Pacing and

Electrophysiology. Circulation 2001;104:2118-50.

17. Joglar JA, Acusta AP, Shusterman NH, Ramaswamy

K, Kowal RC, Barbera SJ, et al. Effect of carvedilol on

survival and hemodynamics in patients with atrial

fibrillation and left ventricular dysfunction: retro-
spective analysis of the US Carvedilol Heart Failure

Trials Program. Am Heart ] 2001;142:498-501.

Khand AU, Rankin AC, Martin W, Taylor J, Gemmell

I, Cleland JG. Carvedilol alone or in combination

with digoxin for the management of atrial fibrilla-

tion in patients with heart failure? ] Am Coll Cardiol
2003;42:1944-51.

Katritsis DG, Panagiotakos DB, Karvouni E,

Giazitzoglou E, Korovesis S, Paxinos G, et al.

10.

11.

12.

13.

14.

15.

16.

18.

19.



20.

21.

22.

Effect of Carvedilol on P-Wave Duration and P-Wave Dispersion in Patients with Systolic Heart Failure

Comparison of effectiveness of carvedilol versus
bisoprolol for maintenance of sinus rhythm after
cardioversion of persistent atrial fibrillation. Am ]
Cardiol 2003;92:1116-9.

Kanoupakis EM, Manios EG, Mavrakis HE, Tzerakis
PG, Mouloudi HK, Vardas PE. Comparative effects
of carvedilol and amiodarone on conversion and
recurrence rates of persistent atrial fibrillation. Am ]
Cardiol 2004;94:659-62.

Merritt JC, Niebauer M, Tarakji K, Hammer D, Mills
RM. Comparison of effectiveness of carvedilol versus
metoprolol or atenolol for atrial fibrillation appear-
ing after coronary artery bypass grafting or cardiac
valve operation. Am ] Cardiol 2003;92:735-6.
McMurray J, Keber L, Robertson M, Dargie H,
Colucci W, Lopez-Sendon J, et al. Antiarrhythmic
effect of carvedilol after acute myocardial infarction:
results of the Carvedilol Post-Infarct Survival Control
in Left Ventricular Dysfunction (CAPRICORN) trial.
J Am Coll Cardiol 2005;45:525-30.

231

23.

24.

25.

26.

Packer M, Fowler MB, Roecker EB, Coats AJ, Katus
HA, Krum H, et al. Effect of carvedilol on the
morbidity of patients with severe chronic heart
failure: results of the carvedilol prospective random-
ized cumulative survival (COPERNICUS) study.
Circulation 2002;106:2194-9.

Camsari A, Pekdemir H, Akkus MN, Yenihan S,
Doven O, Cin VG. Long-term effects of beta block-
er therapy on P-wave duration and dispersion in
congestive heart failure patients: a new effect? J
Electrocardiol 2003;36:111-6.

Cice G, Tagliamonte E, Ferrara L, Iacono A. Efficacy
of carvedilol on complex ventricular arrhythmias
in dilated cardiomyopathy: double-blind, ran-
domized, placebo-controlled study. Eur Heart ]
2000;21:1259-64.

Workman AJ, Kane KA, Rankin AC. The contribu-
tion of ionic currents to changes in refractoriness of
human atrial myocytes associated with chronic atrial
fibrillation. Cardiovasc Res 2001;52:226-35.



