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TSE, H-F, &y AL.: Impedance Cardiography for Atrioventricular Interval Optimization During Permanent
Laft Ventricular Pacing. Left ventricular (LV) pacing is incrensingly used in the management of congestive
heart foilure, Optimization of the atrioventricular [AV) interval is essential to moximize the hemadynamic
benefits of this theropy. Although Dappier echocardiography {eche) is the most widely used method, it is
time-consuming, expansive, and operator-dependent. We examined the valus of an impedance cardiog-
raphy (IC}-based method of cardiac output {CO) measurement to optimise the AV interval in § man and
1 woman {mean age = 72 & 11 years} during permanent LV pacing with a 4.8 Fr unipelar coronary sinus
pocing lead, Simultaneous measurements of GO by IC and acho were performed at AV intervals of 50, 80,
110, 150, 180, and 225 ms during DDD pacing at 85 beats/min. The optimal AV interval vasied between
110 and 180 ms. In 5 of € patients {83%), the optimal AV interval by echo and IC was identical. While
CO measurements were higher with IC than with echo (6.1 + 0.4L/min vs 4.7 + 0.3 L/min, P < 0.05), CO
megsurements by IC and echo were closaly correlated r = 0.87, P < 0.001). In conclusion, our initial ax-
perience suggests that IC is a ralinble method of AV interval optimization during LV pacing. JC and scho
measurements of CO during LV pacing were closely correlated, (PACE 2003; 26{Pt. IT};189-191)
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Introduction

The site of ventricular stimulation®? and tha
programuming of the atrioventricular [AV) intarval?
both influence cardiac hemodynamice during car
diac resynchronization therapy for treatment of
congestive heart failure. Tha AV interval during
AV sequential pacing influences left ventricular
{LV) systolic performance by modulating preload. *
Therefors, incorrect programming of the AV
interval during cardiac pacing may result in subop-
timal hemodynamics.® Although Dappler echocar
diography {echo) is an established mathod to
oplimize the AV interval during dual chamber pac-
ing, it is time-consuming, expansive, and apsrator
dependent. Prior studiss have demonstrated that
impedance cardiography (IC) is a ussful alternate
noninvasive technique to optimize the AV inter-
val,* and correlates well with Doppler echo in pa-
tients with standard DDD pacemakers.” However,
the value of IC to optimize the AV interval during
LV pacing remains unelear. The aim of this study
was to compare IC with Doppler scho to optimize
the AV interval during permanent LV pacing.
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Methads
Patients

The study populadon included 5 man and 1
woman with sick sinus ayndrome (mean age =
78 £ 11 years) who had received DDDR pacemnak-
era and a permenent Modal 1055K LV pacing lead
(St. Jude Medical, Sylmar, CA, USA), via the coro-
nary sinus lead as described previously.® Patients
with a history of caronary artery diseases, sig-
nificant valvular diseass, congestive heart failure,
chronic atrial tachyarrhythmias, or left venwicu-
lar sjection fraction <50% on a baseline screening
echo were excluded fram this study. The mean 1V
ajection fraction (EF) by echo was 62% £ 12%. The
atudy protocol was approved by the local Ethies
Committee and informed consent was obiained
from ail patients,

Study Pratocal

Throughont the amc‘i’y, the pacemakers were
programmed to DDD mode at a lawer pacing rate
of 85 beats/min to ensure continuous atrial pacing.
Cardiac autput {CO) at rest was measured simulta-
neously by Doppler acha and IC at AV intervals of
50, 80,110, 150, 180, and 225 ms, inrandom order.
At leaat 5 minutes were allowed for stabilization
between measurements. At sach AV interval, mean
CO was calculated by averaging thres consecutive
measurements obtained by each tachnique. All
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patients were studied by the same operator under
standardized conditions, and all meagursments of
CO were made in the left lateral position aftar at
least 15 minutes of inartivity.

Impedance Cardiography

1C wag performed with a commercially avail-
gble device (BioZ.com, CardiaDynamics Interna-
tional Carporation, San Diego, CA, USA) which
ellows the noninvasive measurement of CO by
monitoring the change in impedanca of an alter
nating current applied across the tharax ® A pair
of patchez was placed anterior ta the ear lohes,
The chest leads were placed as recommended by
the manufacturer. Measurements of CO were made
from 10-beat averages. A default canra] venoue
pressurs value of 8 mmHg was used.

Doppler Echacardiography

The acho studies were performed with a
VingMed System V (GE Meadical System, USA)
using a 2.5 or 8.5 MHz transducer. The Doppler
study was parformed with the patient in tha left
lateral dems:vims positian and with the transducer
placed at the apax ta obtain apical 4 chamber
views. Tranamitral pulsad Dcppfer inflow veloc-
ity was recorded with the sample voluma posf-
tioned between the edges of the mitral |eaflets
during quiet respiration. Peak velocities of the
early fiiling and atrial filling waves ware deter-
minad, a8 were their velocity time integrals. The
CO was calculated from the stroke valume mea-
sured by using the avrtic valve flow velocity ints-
gral and the cross-sactinnal area of left ventricular
cutflow tract. All echo data were digitally stored
in a Macintosh PowerPC computer for later off-line
analysis.

Statistical Analysis

All data are expressed as mean + 1 standard
deviation. Analysis of variance with repeated mea-
sures wag used for multiple comparison of CO
measursments at different AV intervals, followed
by post-hoc test. The Pearson correlation test was
used to test the corralation hetween CO measurad
by Dugplsr scho vergus by IC. P values <0.05 were
conaidered statistically significant,

Results

The optimel AV interval and CO determined
by IC and Doppler echo in each patient are g
sentad in Tahle I. There was no sipnificant di
enco bstwesn the mean AV interval determined
by impsedance cardiography and that determined
by Doppler echo {153.3 + 23.5 ms vs 1583 +
25.4 msi In 5 of 6 patients (83%), the optimal AV
intarvals measured by the two methods were iden-
tical (Table J),

The mean CO at different AV intervals mea-
sured by IC and Doppler echo is presented in
Figure 1. The msan CO measurad by IC at each
AV interval was significantly higher than when
measured by Doppler echo. The mean CO at the
optimal AV interval determined by IC was signif-
icantly higher than when determined by Doppler
acho (.1 + 0,4 L/min vs 4.7 £ 0.3 L/min, P < 0.05).
Howsver, & close correlation was found batwean
CO measursd by IC and CO mensured by Doppler
echor = 0.67, P < 0.0601, Fig. 2).

Discussion

The results of the present study suggest that
IC is a religble method to optimize the AV interval

during LV pacing. Althengh CO measured by IC

Tablei.
Optimat Atriovanticular intervai Using Cardlac Output Measured by Impedanca Caralograpty and Echocardiography

Impedance Cardiography Echacardiography
Optimai AV Maximum CO at Optimal AV Maximum CO at Optimal

Patient ¢ Interval (ms) Optimal AV Interval Interval (mae) . AV Intarval
1 180 5.4 %03 180 502%037
2 150 61404 150 5.06 & 0.51
3 180 55+01 150 459 +028
4 116 70403 110 534 + 0.47
5 180 6804 180 5.08 + 0.20
& 160 51+£072 180 3.18=0.10
Mean & SO 163.3 + 23,5 6.1 404 158.3 4 25.4 47 +0.3"

AV = atdovsniricular; CO = cardiac output. *p < 0.08 compared with cardiag outpu! meesured by impedance cardiography
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Figure 1. Cardiac output measured by impedance car
diography and Deppler echocordiography at varions
etrloventricular intervals,

was higher than when measurad by Doppler echo,
a close carrelation betwean the two measurements
was observed, In the mafority of recipients of dual
chamber pacomakers the AV interval is usually
programmed empirically. Howsver, optimization
of the AV interval during dual chamber pacing op-
timizes the timing of atrial contraction contribut-
ing to ventricular preload.® Pravious studiss have
shawn that optimization of the AV interval can
contribute up to 40% of the CO.5'*3 Theyefure,
it is an important step to maximize the hemody-
namic bensfits of cardiac pacing, espacially during
cardiac resynchronization therapy for congestive
beart fuilure.’

IC has hean found useful to measure GO non-
invasively. and to be clasely correlated with inva-
sive technique.? Prior studies have demonstrated
that it is a useful alternative to Doppler ocho ta
optimize the AV intarval during standard dual
chamber pacing with permanent right ventricu-
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Figura 3. Scatterplot comparing cardiae owiput mea-
sured with impedance cordiogmphy versus Doppler

echocardiography.

L

lar stimulation.®? LV pacing is being increasingly
used in the management of congestive heart* This
study demonstrates the feasibility and ease of this
impedance technique to determine CO during LV
pacing with a close correlation with Doppler echo.

Limjtations of the Study

The main limitation of AV interval aptimiza-
tion by either technique was their performance
in the supins position and at rest. Therefare,
the findings of this study may not be applicahle
during upright posture or durlng exeveise. An-
other important limitation was the small number
of patients studied. Larger studies validating IC
are needod befare its clinical application can be
recommended.
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