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Introduction

Biventricular and single-site left ven-
tricular (LV) free wall pacing can acutely im-
prove cardiac hemodynamics and contractile
function in congestive heart failure (CHF)
patients with intraventricular conduction de-
lay, during sinus rhythm1-3 as well as during
atrial fibrillation1,4. The preliminary results
of several ongoing long-term studies using
biventricular or LV pacing in such patients
all show an improvement in the patients’
clinical conditions as evaluated by NYHA
functional class and the Minnesota Living
with Heart Failure score, oxygen consumption
during cardiopulmonary test and the distance
covered during the 6-min walk test5-7. The ma-
jority of patients enrolled in these studies
were in sinus rhythm and in a relatively sta-
ble NYHA functional class III or IV at study
entry, with only a few exceptions of class IV
patients with chronic atrial fibrillation re-
quiring intravenous inotropic support7. 

We describe a case of refractory CHF
with marked intraventricular conduction
delay, chronic atrial fibrillation, conges-
tive and low output symptoms despite in-
travenous inotropes in whom biventricular
pacing and atrioventricular junction abla-
tion were performed as rescue treatment
when the patient was anuric and hypoten-

sive. Cardiac performance immediately
improved allowing the patient to recover
from an apparently irreversible low out-
put syndrome. 

Case report

A 71-year-old man with a relevant med-
ical history (coronary artery disease with
prior myocardial infarction, LV aneurysm,
moderate tricuspid, mitral and aortic regur-
gitation, severe LV dysfunction, chronic atri-
al fibrillation, episodes of both acute pul-
monary edema and CHF since 1997) was ad-
mitted to our hospital in August 1999, due
to a new episode of cardiac decompensation.
He presented with dyspnea at rest, orthopnea,
fatigue and weakness, anxiety and anorex-
ia. The physical examination revealed moist
pulmonary rales over both lung fields, jugu-
lar vein distension, edema in both legs, con-
gestive hepatomegaly, gallop sound, and an
apical grade 2 systolic murmur. Blood pres-
sure was 100/80 mmHg and he had an ir-
regular rhythm at about 150/min. Rest ECG
showed atrial fibrillation with rapid ven-
tricular response, marked intraventricular
conduction delay (QRS duration of 229 ms)
and chronic ST-segment elevation in the
precordial leads (Fig. 1). A chest X-ray re-
vealed cardiac enlargement, vascular redis-
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A 71-year-old male patient with end-stage heart failure, atrial fibrillation, congestive and low out-
put symptoms, underwent biventricular pacing and atrioventricular junction ablation while anuric and
hypotensive. Following atrioventricular junction ablation blood pressure increased by 20 mmHg dur-
ing biventricular but not during right ventricular apical pacing. A rapid clinical improvement was ob-
served and the patient was discharged from the hospital in NYHA functional class III.
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tribution, bilateral alveolar edema, and right pleural ef-
fusion (Fig. 2). 

Two-dimensional Doppler echo examination showed
a dilated, poorly contracting left ventricle (LV end-di-
astolic diameter 84 mm; LV ejection fraction 17%), a fi-
brotic and thin interventricular septum, a large apical
aneurysm, moderate mitral, aortic and tricuspid regur-
gitation, and severe pulmonary hypertension (maxi-
mum regurgitant tricuspid flow velocity 3.8 m/s). De-
spite optimal medical therapy with digoxin, angiotensin-
converting enzyme inhibitors, furosemide, canrenone,
carvedilol, amiodarone and intravenous nitroglycerin
heart failure became refractory and hemodynamic com-
pensation required the association of intravenous
dopamine and dobutamine. Several attempts of wean-
ing the patient from inotropic support failed in a time-
period of 1 month. In the meantime dobutamine was re-

placed by intravenous milrinone due to excessively
high ventricular rate and hypotension. Heart transplant
was excluded due to the advanced age of the patient. On
the evening of October 3rd 1999, the clinical picture
worsened. Orthopnea and mental confusion developed
and the patient became pale, diaphoretic and anuric.
Progressive hypotension developed during that night re-
quiring nitroglycerin and milrinone discontinuation. In
the morning of October 4th, the mean ventricular rate
was 150/min, systolic blood pressure was around 60
mmHg, oxygen saturation was 86%. An emergency
atrioventricular junction ablation and biventricular pac-
ing were attempted based on the hypothesis that cardiac
performance would have been improved by both ven-
tricular rate slowing and regularization8,9 and by LV re-
synchronization1-4. A Medtronic Attain 2187 lead mod-
el (Medtronic Inc., Minneapolis, MN, USA) was posi-
tioned into a large lateral marginal vein through the
coronary sinus. The acute ventricular stimulation thresh-
old was 2 V. Pacing at more anterior sites and into the
anterior interventricular vein resulted in no ventricular
capture. It was impossible to insert the lead into any pos-
terior vein. A Vitatron Slimtime S lead model (Vitatron
Medical B.V., Dieren, The Netherlands) was positioned
at the apex of the right ventricle. The two leads were con-
nected to a Medtronic InSync model 8040 pulse gener-
ator to simultaneously pace both ventricles. Ablation of
the atrioventricular junction was then performed with two
applications of radiofrequency current. Following atrio-
ventricular node ablation, systolic blood pressure in-
stantaneously increased by 20 mmHg, from the baseline
value of 60 to about 80 mmHg, during biventricular but
not during right ventricular pacing alone (Fig. 3). This
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Figure 1. Resting ECG showing atrial fibrillation with rapid ventricular response of 140 beats and marked intraventricular conduction delay (QRS du-
ration of 229 ms).

Figure 2. On the left: chest X-ray before implant shows cardiac en-
largement, vascular redistribution, bilateral alveolar edema and right pleur-
al effusion. On the right: at pre-discharge chest X-ray, a marked reduc-
tion in both cardiac size and pulmonary vascular congestion is present com-
pared with baseline.
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was associated with a narrowing of the paced QRS du-
ration of 44 ms (from the baseline value of 229 to 185
ms). The interventricular mechanical delay, echocar-
diographically derived from the delay measured be-
tween the onset of pulmonic and aortic flow, shortened
from 62 ms (baseline value) to 30 ms during biventric-
ular pacing, at the patient’s discharge. The patient’s
clinical conditions improved very quickly and he was dis-
charged from hospital 11 days after the procedure in 
NYHA functional class III with the same initially inef-
fective therapy. Pre-discharge chest X-ray showed a
marked reduction in both cardiac size and pulmonary
vascular congestion compared with baseline (Fig. 1). Pa-
tient functional class remained stable during 4-month fol-
low-up.

Discussion

Multisite ventricular pacing has recently been pro-
posed as an additional treatment for patients with severe
CHF and intraventricular conduction delay, based on the
results of several studies showing a significant acute im-
provement of cardiac hemodynamics and contractile
function during biventricular pacing compared with
baseline. Blanc et al.1, reported a significant increase in
systolic blood pressure and a decrease in pulmonary cap-
illary wedge pressure and V-wave amplitude, compared
with baseline, during either biventricular or single site
LV but not during right ventricular pacing in 27 patients
with severe CHF and sinus rhythm. Leclercq et al.2
compared the acute hemodynamic effects of biventric-
ular DDD pacing compared with baseline AAI and op-
timal right ventricular DDD pacing in 18 patients with

severe CHF, major intraventricular conduction block and
stable sinus rhythm. A highly significant increase in
cardiac output (35%), an 18.5% decrease in mean pul-
monary capillary wedge pressure, and a 21% reduc-
tion in V-wave amplitude were observed during biven-
tricular DDD compared with AAI pacing mode. A much
smaller increase in cardiac output was observed during
optimal right ventricular DDD pacing. Kass et al.3 com-
pared hemodynamic data under normal sinus rhythm and
during ventricular pacing (VDD) at varying sites and
atrioventricular delays in 18 heart failure patients with
intraventricular conduction delay. In this study LV free-
wall and biventricular VDD pacing significantly raised
dP/dt max, peak systolic pressure and arterial pulse
pressure, whereas right ventricular VDD pacing did
not. In contrast to systole, pacing had little effect on di-
astolic function. To evaluate if the acute hemodynam-
ic benefit reported with LV pacing also applies to heart
failure patients with chronic atrial fibrillation, Etienne
et al.4 compared LV and biventricular pacing with base-
line sinus rhythm or right ventricular apical pacing in 28
patients, 17 in sinus rhythm and 11 with atrial fibrilla-
tion. Biventricular and LV pacing yielded similar results
in both groups of patients, with or without atrial fibril-
lation. All the patients enrolled in these acute studies were
in relatively stable clinical conditions. No data are avail-
able about the acute effects of LV based pacing in CHF
patients and unstable hemodynamic conditions, as was
the case of our patient. In our case atrial fibrillation
with uncontrolled ventricular rate might also have con-
tributed to the exacerbation of low output symptoms. In-
deed cardiac performance has been reported to be im-
proved by both ventricular rate slowing and regolar-
ization in CHF patients with atrial fibrillation8,9. In our
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Figure 3. After atrioventricular node ablation systolic blood pressure instantaneously increased by 20 mmHg, from the baseline value of 60 to about 80
mmHg during biventricular (on the left, continuous tracing) but not during right ventricular pacing alone (on the right, continuous tracing).
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patient, systolic blood pressure increased by 20 mmHg
following atrioventricular node ablation during biven-
tricular pacing but not during right ventricular pacing.
This suggests that it was the ventricular resynchro-
nization by biventricular pacing, rather than the ven-
tricular rate control and regolarization by atrioventric-
ular node ablation, to exert the most positive effects on
LV performance in this patient. This is in agreement with
a previous report3 of a strong relationship between the
extent of intraventricular conduction delay, which was
229 ms in our patient, and the favorable effects of LV
pacing.

This is the first description of reversion of an ap-
parently irreversible low output syndrome in a patient
with refractory CHF and chronic atrial fibrillation by
biventricular pacing combined with atrioventricular
node ablation.

References

01. Blanc JJ, Etienne Y, Gilard M, et al. Evaluation of different
ventricular pacing sites in patients with severe heart failure:
results of an acute hemodynamic study. Circulation 1997; 96:
3273-7.

02. Leclercq C, Cazeau S, Le Breton H, et al. Acute hemodynamic

effects of biventricular DDD pacing in patients with end-stage
heart failure. J Am Coll Cardiol 1998; 32: 1825-31.

03. Kass DA, Chen CH, Curry C, et al. Improved left ventricu-
lar mechanics from acute VDD pacing in patients with dilated
cardiomyopathy and ventricular conduction delay. Circula-
tion 1999; 99: 1567-73.

04. Etienne Y, Mansourati J, Gilard M, et al. Evaluation of left
ventricular based pacing in patients with congestive heart fail-
ure and atrial fibrillation. Am J Cardiol 1999; 83: 1138-40.

05. Gras D, Mabo P, Tang T, et al. Multisite pacing as a supple-
mental treatment of congestive heart failure: preliminary re-
sults of the Medtronic Inc InSync Study. Pacing Clin Elec-
trophysiol 1998; 21 (Part II): 2249-55.

06. Auricchio A, Stellbrink C, Sack S, et al. The Pacing Thera-
pies for Congestive Heart Failure (PATH-CHF) study: ratio-
nale, design, and endpoints of a prospective randomized
multicenter study. Am J Cardiol 1999; 83: 130D-135D.

07. Leclercq C, Cazeau S, Alonso C, et al. Multisite biventricu-
lar pacing in advanced heart failure. Current status of the
French Pilot Study. (abstr) Pacing Clin Electrophysiol 1999;
22 (Part II): 733.

08. Gosselink ATM, Blanksma PK, Crijns HJG, et al. Left ven-
tricular beat-to-beat performance in atrial fibrillation: con-
tribution of Frank-Starling mechanism after short rather than
long RR intervals. J Am Coll Cardiol 1995; 26: 1516-21.

09. Daoud EG, Weiss R, Bahu M, et al. Effect of an irregular ven-
tricular rhythm on cardiac output. Am J Cardiol 1996; 78:
1433-6.

847


