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Abstract
Background: Isolated, asymptomatic first degree AV block with narrow QRS has not prognostic
significance and is not usually treated with pacemaker implantation. In some cases, yet, loss of AV
synchrony because of a marked prolongation of the PR interval may cause important hemodynamic
alterations, with subsequent symptoms of heart failure. Indeed, AV synchrony is crucial when atrial
systole, the "atrial kick", contributes in a major way to left ventricular filling, as in case of reduced
left ventricular compliance because of aging or concomitant structural heart disease.

Case presentation: We performed a trans-septal left atrium catheterization aimed at evaluating
the entity of a mitral valve stenosis in a 72-year-old woman with a marked first-degree AV block,
a known moderate aortic stenosis and NYHA class III symptoms of functional deterioration. We
occurred in a deep alteration in cardiac hemodynamics consisting in an end-diastolic ventriculo-
atrial gradient without any evidence of mitral stenosis. The patient had a substantial improvement
in echocardiographic parameters and in her symptoms of heart failure after permanent pacemaker
implantation with physiological AV delay.

Conclusion: We conclude that if a marked first degree AV block is associated to instrumental
signs or symptoms of heart failure, the restoration of an optimal AV synchrony, achieved with dual-
chamber pacing, may represent a reasonable therapeutic option leading to a consequent clinical
improvement.

Background
Loss of atrio-ventricular (AV) synchrony due to first-
degree AV block may cause important hemodynamic
alterations, with subsequent decrease in cardiac output
and symptoms of heart failure. Indeed, AV synchrony is
crucial when atrial systole contributes in a major way to
left ventricular (LV) filling, as in case of reduced LV com-
pliance because of aging or concomitant structural heart
disease. We present the case of a patient with first degree
AV block, associated with aortic valve disease, who
received an evident clinical benefit by sequential pacing

despite having refused aortic valve replacement as a first-
line therapeutic option.

Case presentation
A 72-year-old woman was referred to our Catheterization
Laboratory for an invasive re-evaluation of her NYHA
class III heart failure symptoms. Three months before she
had received, at a different Institution, the echocardio-
graphic diagnosis of moderate aortic and apparently triv-
ial mitral stenosis, despite severe valve calcification, with
mild LV hypertrophy (wall thickness was 13 mm) and
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good systolic function. A pharmacological regimen, con-
sisting in enalapril and furosemide, both 20 mg a day, had
been established; despite medical therapy she kept com-
plaining of effort dyspnea. ECG (figure 1) had revealed a
first degree AV block, PR interval measuring 290 millisec-
onds, with normal QRS duration.

She underwent left and right cardiac catheterization with
trans-septal access to the left atrium. Coronary arteries
and regional LV systolic function were angiographically
normal. LV ejection fraction was 0.65, cardiac index was
2.6 L/min/m2 and aortic and pulmonary systolic pressure
were 130 and 38 mmHg, respectively. Aortic stenosis was
confirmed to be moderate (the ventricle-to-aorta gradient
was 50 mmHg at catheter pullback and aortic valve area
was calculated to be 1.0 cm2). At fluoroscopy the mitral
annulus was heavily calcified, but there was no hemody-
namic evidence of mitral stenosis. With the trans-septal
technique, moreover, we demonstrated (figure 2) that
atrial contraction prematurely occurred soon after mitral
valve opening, as shown on the left atrial tracing by the a
wave (corresponding to atrial systole) falling very close to
the preceding y wave (corresponding to early-diastolic
unloading of the atrium into the ventricle). The high and
prominent v wave consequently represented marked pres-
sure elevation and reduced compliance of both left atrium
and ventricle. Furthermore, LV filling pressure was as
increased by the preceding atrial contraction as to cause a

6-mmHg end-diastolic ventriculo-atrial gradient that was
evident, at the time of the R wave on the ECG, between the
x wave (corresponding to the atrial relaxation not fol-
lowed by a properly timed ventricular contraction) and
the LV pressure tracing.

We discussed with the patient the therapeutic options [1]:
she preferred to defer aortic valve replacement, whereas
accepted to undergo permanent pacing. We performed an
echocardiographic evaluation of systolic and diastolic
function before pacemaker implantation (Table 1). Of
note, the functional deterioration could be explained by
the evidence of a grade II diastolic dysfunction[2]: trans-
mitral flow was showing a high-velocity (150 cm/s) single
filling wave with a deceleration time of 155 ms. Dual-
chamber pacemaker implantation with optimal restora-
tion of AV synchrony (programmed AV delay 150 ms)
resulted in clinical improvement up to NYHA class II on
the same medications. Since both sinus node function
and atrial sensing were satisfying, ventricular pacing was
triggered by P wave with a QRS duration of 120 ms [3-5].
The echocardiographic evaluation 2 days after pacemaker
implantation showed a reduction of both diastolic dys-
function[2] to grade I (pattern of abnormal relaxation
with an E/A ratio of 0.6) and pulmonary artery systolic
pressure to 28 mmHg, whereas cardiac output appeared to
be slightly improved (Table 1) despite the depletive effect
of furosemide could have kept the systolic performance

12-lead ECG showing first degree Atrio-Ventricular blockFigure 1
12-lead ECG showing first degree Atrio-Ventricular block. Paper speed is 25 mm/s and scale is 10 mm/mV.
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lower than expected in such a hypertrophied, non-
enlarged left ventricle with aortic stenosis. The patient is
now under close echocardiographic monitoring for the
optimal timing of aortic valve replacement.

Conclusion
Isolated, asymptomatic first degree AV block with narrow
QRS has not prognostic significance[6] and is not usually
treated with pacemaker implantation in clinical practice.
Yet, a hemodynamic condition similar to that of pace-
maker syndrome [7-10] may occur when a marked first-

degree AV block compromises the physiological sequence
of events in the cardiac cycle[11]. Indeed, either, with
longer PR intervals atrial, contraction takes place during
the preceding ventricular systole against closed AV
valves[7,10] or, with less long PR intervals, it falls during
the early or the mid ventricular diastole, shortening the
diastolic period itself and creating an abnormal ven-
triculo-atrial gradient[11], as in the present case, possibly
leading to reversal diastolic AV flow, provided that LV
pressure is higher than atrial one during atrial relaxa-
tion[9,12,13]. Anyway, the hemodynamic consequences

Hemodynamic tracing showing left atrium and ventricle pressuresFigure 2
Hemodynamic tracing showing left atrium and ventricle pressures. Capital letters represent ECG waves, whereas small letters 
represent left atrium waves (see text for details). Scale is 40 mmHg and paper speed is 100 mm/s.
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are an increase in pulmonary capillary wedge pressure and
a related decrease in cardiac output. Such changes, indeed,
are especially harmful both in case of LV systolic[9,14-16]
and diastolic (as in the present case) dysfunction and may
be, at least in part, antagonized with permanent pace-
maker implantation[17,18]. Thus, a properly timed atrial
contraction, the "atrial kick", is necessary for optimal LV
systolic function by increasing LV end-diastolic pressure
while maintaining a low mean left atrial pressure[11].

We conclude that if a marked first degree AV block is asso-
ciated to instrumental signs or symptoms of heart failure,
the restoration of an optimal AV synchrony, achieved by
dual-chamber pacing and despite permanent right ven-
tricular stimulation[4,5], may represent a reasonable ther-
apeutic option leading to a consequent clinical
improvement.
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Table 1: Echocardiographic parameters in basal conditions and 2 days after pacemaker implantation.

Basal 2 days after implantation

LV ED diameter (mm) 41 43
LV ES diameter (mm) 26 26
LV ED volume (ml) 111 123
LV ES volume (ml) 43 43
LV Ejection Fraction (%) 61 65
LV mass (g) 195 197
LVOT VTI (cm) 23 25.5
Stroke volume (ml) 57 64
Cardiac output (L/min) 4.3 4.5
Cardiac index (L/min/m2) 2.6 2.7
Pulmonary artery systolic pressure (mmHg) 38 28

LV, left ventricular. ED, end-diastolic. ES, end-systolic. LVOT VTI, velocity-time integral measured at the left ventricular outflow tract. Body surface 
area is 1,65 m2.
Page 4 of 5
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11956110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11956110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15807887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15807887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3341209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3341209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3341209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7754944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7754944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7754944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14753640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14753640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14753640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3762641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3762641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8269289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8269289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8269289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11310298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11310298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11310298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9987053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9987053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9987053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1967200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1967200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1967200


BMC Cardiovascular Disorders 2005, 5:23 http://www.biomedcentral.com/1471-2261/5/23
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

11. Nishimura RA, Hayes DL, Holmes DRJ, Tajik AJ: Mechanism of
hemodynamic improvement by dual-chamber pacing for
severe left ventricular dysfunction: an acute Doppler and
catheterization hemodynamic study.  J Am Coll Cardiol 1995,
25(2):281-288.

12. Panidis IP, Ross J, Munley B, Nestico P, Mintz GS: Diastolic mitral
regurgitation in patients with atrioventricular conduction
abnormalities: a common finding by Doppler
echocardiography.  J Am Coll Cardiol 1986, 7(4):768-774.

13. Schnittger I, Appleton CP, Hatle LK, Popp RL: Diastolic mitral and
tricuspid regurgitation by Doppler echocardiography in
patients with atrioventricular block: new insight into the
mechanism of atrioventricular valve closure.  J Am Coll Cardiol
1988, 11(1):83-88.

14. Reiter MJ, Hindman MC: Hemodynamic effects of acute atriov-
entricular sequential pacing in patients with left ventricular
dysfunction.  Am J Cardiol 1982, 49(4):687-692.

15. Brecker SJ, Xiao HB, Sparrow J, Gibson DG: Effects of dual-cham-
ber pacing with short atrioventricular delay in dilated
cardiomyopathy.  Lancet 1992, 340(8831):1308-1312.

16. Auricchio A, Sommariva L, Salo RW, Scafuri A, Chiariello L:
Improvement of cardiac function in patients with severe
congestive heart failure and coronary artery disease by dual
chamber pacing with shortened AV delay.  Pacing Clin
Electrophysiol 1993, 16(10):2034-2043.

17. Hochleitner M, Hortnagl H, Hortnagl H, Fridrich L, Gschnitzer F:
Long-term efficacy of physiologic dual-chamber pacing in the
treatment of end-stage idiopathic dilated cardiomyopathy.
Am J Cardiol 1992, 70(15):1320-1325.

18. Auricchio A, Klein H: Dual-chamber pacing in dilated cardio-
myopathy: insufficient sample size, heterogeneous popula-
tion and inappropriate end point may lead to erroneous
conclusions.  J Am Coll Cardiol 1996, 27(6):1548-1549.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2261/5/23/prepub
Page 5 of 5
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7829778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7829778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7829778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3958334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3958334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3958334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3335709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3335709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3335709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7064819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7064819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7064819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1360034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1360034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1360034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7694250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7694250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7694250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1442585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1442585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8626973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8626973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8626973
http://www.biomedcentral.com/1471-2261/5/23/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

