456 Tiirk Kardiyol Dern Ars - Arch Turk Soc Cardiol 2008,36(7).456-460

The predictive value of plasma brain natriuretic peptide for the recurrence
of atrial fibrillation six months after external cardioversion

Plazma beyin natritretik peptid dizeyinin kardiyoversiyon sonrasi altinci aydaki
atriyal fibrilasyon nuksina 6ngérmedeki degeri

Hasan Ari, M.D., Siileyman Binici, M.D.,' Selma Ari, M.D., Mehmet Akkaya, M.D.,
Vedat Koca, M.D., Tahsin Bozat, M.D., Muhammet Giirdogan, M.D.2
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Objectives: The aim of this study was to assess the
predictive value of plasma brain natriuretic peptide (BNP)
level for the recurrence of atrial fibrillation (AF) after suc-
cessful cardioversion in patients with persistent AF.

Study design: The study included 58 patients (36
females, 22 males; mean age 59 years) with preserved
left ventricular function, who underwent successful elec-
trical cardioversion for persistent AF. Plasma BNP levels
were measured before, 30 minutes and six months after
cardioversion and electrocardiography was performed to
assess AF recurrence. Echocardiography was performed
in all the patients before cardioversion.

Results: At six months, 38 patients (65.5%) were in sinus
rhythm (SR), whereas 20 patients (34.5%) reverted to AF.
The mean baseline BNP level was significantly higher than
that measured 30 minutes after cardioversion (255.6+159.6
pg/ml vs 70.5+57.0 pg/ml; p=0.00006). Patients who revert-
ed to AF had significantly higher baseline (p=0.035) and six-
month (p=0.001) BNP levels. In addition, they had a signifi-
cantly greater decrease in BNP levels 30 minutes after car-
dioversion than patients who remained in SR (-271.9+42.4
pg/ml vs -139.4+25.3 pg/ml; p=0.008). ROC analysis of this
drop with the cutoff value of 200 pg/ml predicted AF recur-
rence at six months with 80% sensitivity and 86% specific-
ity. There were no correlations between baseline BNP level
and duration of AF. However, left atrium diameter showed a
significant negative correlation with the baseline BNP level
(for <40 mm, 41-45 mm, and =45 mm: 394.6 pg/ml, 206.5
pg/ml, and 198.5 pg/ml, respectively; p=0.02).
Conclusion: In patients with persistent AF, baseline
plasma BNP level and the magnitude of its decrease after
successful cardioversion may predict AF recurrence.
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Amac: Bu calismada direncli atriyal fibrilasyonlu (AF)
hastalarda basarili kardiyoversiyon sonrasi AF nuiksuni
6ngdrmede plazma beyin natritiretik peptid (BNP) diizeyi-
nin degeri arastirildi.

Calisma plani: Calismaya, direncli AF nedeniyle basaril
elektriksel kardiyoversiyon uygulanan, sol ventrikul fonksi-
yonu korunmusg 58 hasta (36 kadin, 22 erkek; ort. yas 59)
alindi. Hastalarin kardiyoversiyon éncesi, kardiyoversiyon
sonrasli 30. dakika ve kardiyoversiyon sonrasi altinci ayda-
ki plazma BNP duzeyleri dlcildi ve AF niksuni dederlen-
dirmek icin elektrokardiyografileri ¢ekildi. Tum hastalara
islem 6ncesinde ekokardiyografi yapildi.

Bulgular: Altinci ayda 38 hasta (%65.5) sinis ritminde (SR)
kalirken, 20 hastada (%34.5) AF géruldi. Tim hasta grubun-
da islem 6ncesindeki ortalama BNP diizeyi (255.6+159.6 pg/
ml), kardiyoversiyon sonrasi 30. dakikadaki BNP degerine
(70.5+57.0 pg/ml) gbére anlamli derecede ylksek bulundu
(p=0.00006). Altinci ayda AF gérilen hastalarda baslangi¢
(p=0.035) ve altinci aydaki (p=0.001) BNP degerleri sinis
ritmindeki hastalardan anlamli derecede ylksek idi. Ayrica,
bu grupta kardiyoversiyondan 30 dakika sonra BNP dize-
yinde goérilen disme miktar anlamliydi (-271.9+42.4 pg/
ml ve -139.4+25.3 pg/ml; p=0.008). Kesim degeri 200 pg/mli
alinarak yapilan ROC analizinde, BNP dlzeyindeki bu diisu-
slin altinci aydaki AF niksinli 6ngérmedeki duyarliigr %80,
Ozgullugu %86 bulundu. Baglangic BNP diizeyi AF siiresiyle
iligkili bulunmadi; sol atriyum ¢api ise BNP duzeyi ile anlamli
ters iligki gosterdi (<40 mm, 41-45 mm ve =45 mm i¢in sira-
slyla 394.6 pg/ml: 206.5 pg/ml ve 198.5 pg/ml; p=0.02).
Sonug: Baslangictaki plazma BNP dizeyi ve basaril
kardiyoversiyon sonrasi BNP dlzeyindeki disme miktari,
direncli AF’li hastalarda AF niksini éngérebilir.

Anahtar sdzcukler: Atriyal fibrilasyon/tedavi; biyolojik belirteg;

elektrik soku; elektrokardiyografi; natritretik peptid, beyin/kan;
nuks.
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Atrial fibrillation (AF) is the most common sustained
cardiac arrhythmia especially in the elderly. After car-
dioversion and despite the use of pharmacologic ther-
apy, the recurrence rate of AF is high, approximately
50% at one year.!"! Two clinical trials have shown that
a rhythm control approach offers no survival benefit
over a rate control approach.'? The benefit of an
aggressive conversion strategy compared to pharma-
cologic heart rate control is still controversial.!" Since
atrial fibrillation is a heterogenous disease, identifi-
cation of patients at risk for recurrence with the use
of simple and objective parameters may be helpful
in tailoring the treatment. Age, history of AF, left
ventricular dysfunction, left atrial (LA) dilatation, LA
appendage functions, and hyperthyroidism have been
associated with increased recurrence rates of AE.B7
Brain natriuretic peptide (BNP) is synthesized mainly
by cardiac ventricles and to a lesser degree by cardiac
atrias.®! Recently, it has been reported that plasma
BNP is mainly produced in the atria and not in the
ventricles in patients with lone AF.”! Its synthesis is
triggered by elevated endocavitary pressure, and its
diagnostic and prognostic usefulness has been shown
in patients with heart failure.®®1%!!

The present study aimed to investigate whether
BNP levels measured before and after cardioversion
in patients with preserved left ventricular function and
persistent AF would predict the recurrence of AF six
months after cardioversion.

PATIENTS AND METHODS

Seventy-three consecutive patients (45 females, 28
males; range 34 to 76 years) volunteered to participate
in the study and underwent elective cardioversion for
persistent AF as clinically indicated. Exclusion cri-
teria were significant valvular heart disease, history
of previous valve surgery, significant left ventricular
dysfunction (EF <40%), severe LA enlargement (>5
cm), and paroxysmal AF. Eight patients were excluded
because of significant valvular heart disease and five
patients were excluded because of left ventricular dys-
function. The remaining 60 patients with persistent
AF were studied.

Transthoracic echocardiography (TTE) and
transesophageal echocardiography (TEE) were per-
formed in all the patients before cardioversion using
the Vivid 7 Pro Doppler echocardiography system
(TTE: 3.5 MHz probe,; TEE: 6 MHz probe).

Peripheral blood samples for BNP were obtained
5 min before cardioversion and sedation, and 30 min-
utes and 6 months after cardioversion, during which

electrocardiographic monitoring of heart rate was
performed. All specimens were collected in tubes
containing EDTA.

A point-of-care fluorescence immunoassay kit
(Triage BNP Test, Biosite, San Diego, CA, USA)
was used to measure BNP. Values of peptides were
expressed in pg/ml. The measuring range for the assay
was 15 to 5,000 pg/ml.

Intravenous unfractionated heparin was given to
all patients before cardioversion under monitoring of
target activated partial thromboplastin time (aPTT)
of 1.5-2 times of normal. All patients had effective
anticoagulation (with international normalized ratio
higher than 2.0) with warfarin after cardioversion.

An experienced anesthesiologist gave a brief gen-
eral anesthetic with intravenous midazolam for direct
current (DC) cardioversion. DC external monophasic
shocks were used at the physician’s discretion, start-
ing with 150 J and followed by 200 J, 300 J and 360
J. The procedure was discontinued upon failure of
achieving sinus rhythm (SR) despite two shocks with
the highest energy (360 J).

The study protocol was approved by the ethical
committee of Bursa Yiiksek Ihtisas Hospital and was
explained to each patient. Written informed consent
was obtained from all the patients.

Statistical analysis. The results were expressed as
mean + standard deviation (SD). Comparisons of para-
metric data were made using the Student’s t-test or
Mann-Whitney U-test and nonparametric data were
analyzed using the chi-square test or Fisher’s exact
test. Kruskall-Wallis test was used for subgroup anal-
ysis. Receiver operator characteristic (ROC) analysis
was performed to determine sensitivity and specific-
ity of BNP in detecting AF recurrence.

RESULTS

In 58 patients (96.7%), SR was restored immediately
after cardioversion and maintained 30 minutes after
cardioversion. In two patients (3.3%) in whom car-
dioversion was unsuccessful after two shocks with
360 J, no further cardioversion was attempted. There
were no adverse events related to cardioversion or
anesthesia.

Fifty-eight patients were followed-up for six
months and divided into two groups depending on
the presence or absence of AF recurrence. Thirty-
eight patients (65.5%) were still in SR, whereas 20
patients (34.5%) reverted to AF after six months.
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Table 1. Baseline characteristics of the two groups with and without recurrent atrial fibrillation (AF) after cardioversion

Sinus rhythm (n=38)

Recurrent AF (n=20)

n % Mean+SD n % Mean+SD p

Age (years) 60.3+1.8 57.6+4.3 0.51
Sex

Female 22 57.9 14 70.0 0.36

Male 16 4241 6 300
Ejection fraction (%) 54.6+2.2 57.2+41 0.55
Left atrium (LA) diameter (cm) 4.3+0.1 4.3+0.1 0.93
LA diameter/body surface area (cm/m?) 2.4+0.4 2.4+0.2 0.87
Duration of atrial fibrillation (months) 20.4+6.0 28.4+7.5 0.42
Heart rate (beat/min) 89.0+12.3 94.6+8.7 0.47
Diabetes mellitus 1 2.6 - 0.46
Hypertension 9 23.7 6 30.0 0.60
Systolic blood pressure (mmHg) 124.7+16.3 129.0+11.7 0.50
Diastolic blood pressure (mmHg) 76.8+7.3 81.0+9.4 0.34
Body mass index (kg/m?) 25.2+1.5 24.7+1.4 0.24
Cardioversion energy (J) 250.5+76.4 296.0+64.6 0.15
Biochemical parameters

Glucose (mg/dl) 92.3+21.8 90.5x+13.4 0.42

Urea (mg/dl) 37.3+6.6 44.2+15.4 0.37

Creatinine (mg/dl) 0.9+0.1 1.0+0.2 0.52
Medical treatment

Acetylsalicylic acid 38 100.0 20 100.0 1.00

Beta-blockers 19 50.0 13 65.0 0.27

Amiodarone 19 50.0 7 35.0 0.27

la or Ic antiarrhythmic drugs 3 7.9 3 15.0 0.39

Angiotensin-converting enzyme inhibitors 5 13.2 4 20.0 0.49

Angiotensin receptor blocker 4 10.5 3 15.0 0.61

Baseline characteristics of the patients are listed in
Table 1. Demographic characteristics, biochemical
parameters, cardioversion energy used, and medica-
tions were similar between the two groups. Heart
rates were also similar before (89.0+12.3 vs 94.6+8.7
beat/min; p=0.47) and 30 minutes after cardioversion
(74.8+7.8 vs 78.2+6.6 beat/min; p=0.25), but patients
with recurrent AF had a higher heart rate six months
after cardioversion (69.7+12.8 vs 86.6+14.6; p<0.001).

The frequency of coronary artery disease, which
is a confounding factor for BNP levels, did not differ
significantly between the two groups. There were
six patients (15.8%) in the SR group, compared to
four patients (20%) with recurrent AF (p=0.77). No
cardiac events occurred following six months of
cardioversion.

The mean baseline BNP level was significantly
higher compared to that measured 30 minutes after
cardioversion (255.6+159.6 pg/ml vs 70.5+57.0 pg/
ml; p=0.00006). Patients who reverted to AF after six
months had significantly higher baseline (p=0.035)
and six- month (p=0.001) BNP levels than patients
who maintained SR (Fig. 1).

The amount of decrease in baseline BNP levels after
30 minutes of cardioversion was associated with the
type of the rhythm at six months. Patients who reverted
to AF after six months had a significantly greater
decrease in BNP levels after cardioversion than patients
who remained in SR (-271.9+42.4 pg/ml vs -139.4+25.3
pg/ml; p=0.008). The change in BNP levels from base-
line to that found 30 minutes after cardioversion was
evaluated with ROC analysis to predict AF recurrence
at six months. The area under the curve was measured
as 86% (Fig. 2). Assuming the cutoff value as 200 pg/

350 -
300 340.6 Recurrent atrial fibrillation
= Restored sinus rhythm
E 250+
D
f 2004 510.8 219.3
Z 150 -
100 -
50 68.7 71.4 76.0
Baseline 30 minutes 6 months
p=0.035 p: NS p=0.001

Figure 1. Comparison of BNP levels before and after cardio-
version in patients with restored sinus rhythm and recurrent
atrial fibrillation at six months. NS: Not significant.
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Figure 2. ROC curve analysis to predict the type of rhythm at
six months. AUC: Area under curve.

ml for BNP change, we found that change in BNP level
predicted AF recurrence with 80% sensitivity and 86%
specificity at six months.

Subgroup analysis showed no correlation between
baseline BNP level and duration of AF (for durations
of <1 month, <12 months and >12 months: 221.2
pg/ml: 265.2 pg/ml and 264.4 pg/ml, respectively,
p=0.86). However, LA diameter showed a significant
negative correlation with the BNP level (for <40 mm,
41-45 mm, and =45 mm: 394.6 pg/ml, 206.5 pg/ml,
and 198.5 pg/ml, respectively, p=0.02).

DISCUSSION

Our findings showed that elevated baseline plasma
BNP levels and the amount of decrease in baseline
BNP levels 30 minutes after cardioversion predicted
AF recurrence at six months in patients with persistent
AF and preserved left ventricular function. This may
suggest that patients who show greater decrease in
BNP levels after cardioversion are hemodynamically
more unstable at baseline, and consequently, they are
more likely to revert to AF. Our findings were con-
sistent with previous studies which demonstrated that
BNP levels predicted AF recurrence at two weeks!'?
and at one year!"¥ after cardioversion in patients with
preserved left ventricular function.

The mechanism of the immediate drop in plasma
BNP levels after DC cardioversion may be related to
conversion from AF to SR, reduction in heart rate,
and to changes in cardiac condition. Ohta et al.'¥
compared BNP levels after DC cardioversion in AF
patients with or without underlying heart disease and

found that the former had a greater decrease in BNP
levels after cardioversion.

Although the elimination half-time of BNP is nearly
20 minutes in healthy population, it may decrease to
10-12 minutes in patients with volume overload, conges-
tion, hemodynamic instability, high renin-angiotensin
system activity, and increased neutral endopeptidase
activity.'>1®l Hemodynamic instability of the patients
may account for the immediate drop in plasma BNP
levels; however, the effect of other factors such as DC
shock and anesthetics on BNP levels cannot be exclud-
ed. Previous studies evaluated the natriuretic peptide
response to cardioversion methods and found that neither
mode of cardioversion (DC shock or pharmacological)
influenced the natriuretic peptide response.!'”'®!

The association between BNP and myocardial
stretch and intra-atrial pressures is well established.!>"!
It is also known that patients with overt congestion, sig-
nificant atrial dilatation, and high atrial pressures have
a higher incidence of relapse after electrical cardiover-
sion for AFE?*2 On the other hand, patients with nor-
mal left ventricular function and no significant atrial
dilation would be expected to respond better; however,
other factors may play role in the development of AF
recurrence in these patients. Left ventricular hypertro-
phy, diastolic dysfunction, atrial stunning, and rapid
ventricular rate are some factors that may contribute
to increased atrial pressure, resulting in AF.?? In sub-
group analysis, we did not find any association between
BNP levels and duration of AF, but BNP levels showed
a significant association with LA diameter. Patients
with a smaller LA diameter had a higher BNP level.
This suggests that BNP level is related with volume
overload of the atrium and atrial stretch rather than
electrical or structural remodeling.

In patients with diastolic dysfunction, increased
BNP levels have been shown to be associated with
higher left ventricular end-diastolic pressures.”*
Because BNP is a surrogate marker of myocardial
stretch, elevated BNP levels may be expected if any of
these abnormalities are present and, thus, predict the
likelihood of AF recurrence. The present study raises
the possibility that patients with elevated BNP levels
and having a greater fall in plasma BNP levels after
cardioversion are more likely to revert to AF. Further
studies are needed to determine whether BNP level
would still be predictive of AF recurrence when other
factors are controlled.

In conclusion, despite preserved left ventricular
function, patients with AF have increased BNP lev-
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els. This study suggests that baseline BNP levels and
the extent of decrease in plasma BNP levels after
cardioversion may predict AF recurrence in patients
with persistent AF and preserved left ventricular
function. These findings may make BNP measure-
ment a useful noninvasive tool in selecting which
patients should undergo elective DC cardioversion
for persistent AF.

REFERENCES

1.

10.

11.

Wyse DG, Waldo AL, DiMarco JP, Domanski MJ,
Rosenberg Y, Schron EB, et al. A comparison of rate
control and rhythm control in patients with atrial fibril-
lation. N Engl J Med 2002;347:1825-33.

Van Gelder IC, Hagens VE, Bosker HA, Kingma JH,
Kamp O, Kingma T, et al. A comparison of rate control
and rhythm control in patients with recurrent persistent
atrial fibrillation. N Engl J Med 2002;347:1834-40.
Omran H, Jung W, Schimpf R, MacCarter D, Rabahieh
R, Wolpert C, et al. Echocardiographic parameters for
predicting maintenance of sinus rhythm after internal
atrial defibrillation. Am J Cardiol 1998;81:1446-9.
Pozzoli M, Cioffi G, Traversi E, Pinna GD, Cobelli F,
Tavazzi L. Predictors of primary atrial fibrillation and
concomitant clinical and hemodynamic changes in
patients with chronic heart failure: a prospective study
in 344 patients with baseline sinus rhythm. J Am Coll
Cardiol 1998;32:197-204.

Psaty BM, Manolio TA, Kuller LH, Kronmal RA,
Cushman M, Fried LP, et al. Incidence of and risk fac-
tors for atrial fibrillation in older adults. Circulation
1997,96:2455-61.

Sanfilippo AJ, Abascal VM, Sheehan M, Oertel LB,
Harrigan P, Hughes RA, et al. Atrial enlargement as
a consequence of atrial fibrillation. A prospective
echocardiographic study. Circulation 1990;82:792-7.
Ozkan H, Binici S, Kenar-Tiryakioglu S, Basel C,
Ari H, Tenekecioglu E, et al. Evaluation of left atrial
appendage functions by transesophageal echocardiog-
raphy in patients with hyperthyroidism. [Article in
Turkish] Tiirk Kardiyol Dern Arg 2006;34:79-83.
Arima M, Kanoh T, Kawano Y, Oigawa T, Yamagami
S, Matsuda S. Plasma levels of brain natriuretic peptide
increase in patients with idiopathic bilateral atrial dila-
tation. Cardiology 2002;97:12-7.

Inoue S, Murakami Y, Sano K, Katoh H, Shimada T.
Atrium as a source of brain natriuretic polypeptide in
patients with atrial fibrillation. J Card Fail 2000;6:92-6.
Maisel AS, Krishnaswamy P, Nowak RM, McCord
J, Hollander JE, Duc P, et al. Rapid measurement of
B-type natriuretic peptide in the emergency diagnosis
of heart failure. N Engl J] Med 2002;347:161-7.

Logeart D, Thabut G, Jourdain P, Chavelas C, Beyne
P, Beauvais F, et al. Predischarge B-type natriuretic
peptide assay for identifying patients at high risk of

12.

13.

14.

15

16.

17.

18.

19.

20.

21.

22

23.

24.

re-admission after decompensated heart failure. J Am
Coll Cardiol 2004;43:635-41.

Beck-da-Silva L, de Bold A, Fraser M, Williams K,
Haddad H. Brain natriuretic peptide predicts successful
cardioversion in patients with atrial fibrillation and main-
tenance of sinus rhythm. Can J Cardiol 2004;20:1245-8.
Lellouche N, Berthier R, Mekontso-Dessap A, Braconnier
F, Monin JL, Duval AM, et al. Usefulness of plasma
B-type natriuretic peptide in predicting recurrence of
atrial fibrillation one year after external cardioversion.
Am J Cardiol 2005;95:1380-2.

Ohta Y, Shimada T, Yoshitomi H, Inoue S, Murakami Y,
Shimizu H, et al. Drop in plasma brain natriuretic peptide
levels after successful direct current cardioversion in
chronic atrial fibrillation. Can J Cardiol 2001;17:415-20.

. Kimura K, Yamaguchi Y, Horii M, Kawata H, Yamamoto

H, Uemura S, et al. ANP is cleared much faster than
BNP in patients with congestive heart failure. Eur J Clin
Pharmacol 2007;63:699-702.

Pemberton CJ, Johnson ML, Yandle TG, Espiner EA.
Deconvolution analysis of cardiac natriuretic peptides dur-
ing acute volume overload. Hypertension 2000;36:355-9.
Mookherjee S, Anderson G Jr, Smulyan H, Vardan S.
Atrial natriuretic peptide response to cardioversion of
atrial flutter and fibrillation and role of associated heart
failure. Am J Cardiol 1991;67:377-80.

Fujiwara H, Ishikura F, Nagata S, Beppu S, Miyatake K.
Plasma atrial natriuretic peptide response to direct cur-
rent cardioversion of atrial fibrillation in patients with
mitral stenosis. J Am Coll Cardiol 1993;22:575-80.
Tsutamoto T, Bito K, Kinoshita M. Plasma atrial natri-
uretic polypeptide as an index of left ventricular end-
diastolic pressure in patients with chronic left-sided
heart failure. Am Heart J 1989;117:599-606.

Gosselink AT, Crijns HJ, Hamer HP, Hillege H, Lie KI.
Changes in left and right atrial size after cardioversion
of atrial fibrillation: role of mitral valve disease. J] Am
Coll Cardiol 1993;22:1666-72.

Henry WL, Morganroth J, Pearlman AS, Clark CE,
Redwood DR, Itscoitz SB, et al. Relation between
echocardiographically determined left atrial size and
atrial fibrillation. Circulation 1976;53:273-9.

. Topaloglu S, Cagirci G, Ergun K, Gunel EN, Cay S,

Yildiz A, et al. The effect of frequent ventricular prema-
ture beats originating from the right ventricular outflow
tract on left ventricular diastolic functions and their rela-
tionship with serum N-terminal proBNP levels. [Article
in Turkish] Tiirk Kardiyol Dern Ars 2007;35:158-64.
Hasegawa K, Fujiwara H, Doyama K, Miyamae M, Fujiwara
T, Suga S, et al. Ventricular expression of brain natri-
uretic peptide in hypertrophic cardiomyopathy. Circulation
1993;88:372-80.

Lubien E, DeMaria A, Krishnaswamy P, Clopton P, Koon
J, Kazanegra R, et al. Utility of B-natriuretic peptide in
detecting diastolic dysfunction: comparison with Doppler
velocity recordings. Circulation 2002;105:595-601.



