
INTRODUCTION

Biventricular pacing for severe heart failure has
been used since the early 1990s1,2）. The MIRACLE
study and other studies have demonstrated that car-
diac resynchronization therapy improves cardiac
function, quality of life and exercise tolerance3,4）.
However, although most patients benefit from
resynchronization therapy, some patients show no

improvement in cardiac function. Therefore, it is
important to determine in advance whether biven-
tricular pacing implantation will improve cardiac
output. Temporary biventricular lead placement is
sometimes used to determine whether cardiac
resynchronization therapy will be beneficial before
permanent pacemaker implantation is performed.
This protocol uses pulmonary arterial catheteriza-
tion to evaluate the cardiac output and pulmonary
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An 83-year-old woman presented with dilated cardiomyopathy. Cardiac resynchronization therapy was

performed. Two weeks later, cardiac output and ventricular wall motion were estimated using impedance
cardiography and tissue Doppler echocardiography with and without pacing. Cardiac output increased
from 3.5 to 4.5 l/min during biventricular pacing with a 120msec atrioventricular interval. Intraventricular
phase difference for contraction decreased from 190 to 150 msec. When the atrioventricular interval was
180 msec, cardiac output and phase difference became 4.6 l/min and 170 msec. These assessments were
performed rapidly and non-invasively. New impedance cardiography and tissue Doppler echocardiography
are useful to evaluate the effect of cardiac resynchronization therapy.
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wedge pressure. However, the pulmonary arterial
catheter can sometimes interfere with placement of
the lead of the biventricular pacemaker. In addition,
the 5 to 10 ml of cold saline that is used to measure
the cardiac output can sometimes elevate the pul-
monary wedge pressure. Therefore, other tech-
niques are required to measure the cardiac output.
Recently, an accurate cardiac bio-impedance tech-
nique, impedance cardiography, has been devel-
oped5,6）. Using this method, we can assess cardiac
output non-invasively during biventricular pace-
maker implantation.

The contraction and relaxation processes of the
left ventricle are complex. In addition to the short-
ening and radial displacement, the ventricular wall
moves towards the apex resulting in translational
motion. Recently, quantitative tissue tracing meth-
ods using tissue Doppler echocardiography have
been developed7,8）. Tissue Doppler echocardiogra-
phy can detect the translational motion and can be
used to evaluate the phase difference between left
ventricular free wall and intraventricular septal wall
motion. The main purpose of cardiac resynchro-
nization therapy is to minimize asynchronous ven-
tricular wall motion. Therefore, it is extremely
important to quantify the phase difference.

We treated a patient using these new methods to
determine the effect of cardiac resynchronization
therapy on cardiac output and ventricular wall
motion.

CASE REPORT

An 83-year-old woman was admitted to our hos-
pital because of appetite loss, shortness of breath
and fatigue. Chest roentgenography showed the
cardiothoracic ratio was 74%（Fig. 1－left）.
Moderate bilateral pulmonary congestion was pre-
sent. The QRS duration was 190 msec and the com-
plex had a left ventricular bundle branch block
morphology（Fig. 2－left）. The left ventricular
diameter was increased to 60mm and the left ven-
tricular ejection fraction was 13%. There was mod-
erate mitral and tricuspid regurgitation. There was
no evidence of myocardial ischemia, infection, his-
tory of hypertension, excessive alcohol use or
metabolic diseases that could influence cardiac
function. Therefore, the diagnosis was dilated car-
diomyopathy. She had New York Heart Association
（NYHA）classⅣheart failure. Medical therapy was

started with a diuretic, anti-phosphodiesteraseⅢ
inhibitor, atrial natriuretic peptide agent and

nitrates. However, the pulmonary vascular conges-
tion did not improve. Beta-blockade and physical
therapy were difficult to initiate because of the
presence of persistent pulmonary congestion.

Three weeks after admission, cardiac resynchro-
nization therapy was instituted with biventricular
DDD-mode pacemaker implantation. The ventricu-
lar lead was divided using a Y-connector. One lead
was inserted into the apex of the right ventricle, the
other was advanced into a posterolateral branch of
the coronary sinus. The pacing rate was initially set
at 70/min. The atrioventricular（AV）delay time was
set at 120 msec. The pacing output, and atrial and
ventricular lead sensitivity were set as usual.

Ethical approval for this treatment was granted
by the Human Subjects Committee of the Gunma
Prefectural Cardiovascular Center. Written
informed consent was given by the patient.

Soon after the resynchronization therapy was ini-
tiated, the QRS duration decreased to 110 msec
（Fig. 2－right）. The day after successfully per-
forming the resynchronization therapy, the patient
regained her appetite and stopped complaining of
shortness of breath. Within 3 days, dopamine,
nitrate and diuretic therapy were terminated with-
out worsening of the heart failure. The NYHA clas-
sification improved from classⅣ toⅡ. Seven days
after the procedure, the cardiac size decreased to
53%（Fig. 1－ right）.  The ejection fraction
increased to 15%. Mitral regurgitation diminished
to trivial soon after the procedure.

Two weeks after the procedure, cardiac output
and ventricular wall motion were evaluated without
cardiac pacing and during pacing at various AV
delay intervals. Cardiac output was measured using
a cardiac bio-impedance device（Physio Flow,
Manatec）. Bio-impedance was measured using two
leads placed on the thorax and the neck. After cali-
bration for 15 sec, cardiac output was measured
every 15 sec. The accuracy of the method had been
determined previously5）. This new impedance
method is based on analysis of instant thoracic
impedance variations, using six electrodes［two for
electrocardiography（measurement of heart rate）
and four for impedance cardiography］. Measured
parameters are heart rate, cardiac index, and tho-
racic flow inversion time（active period of left ven-
tricular ejection）. Stroke volume is derived from
cardiac index and thoracic flow inversion time. 

Cardiac output＝heart rate× stroke volume
Transitional motion of the left ventricular free

38 Adachi, Hiratsuji, Sakurai et al

J Cardiol 2003 Jul; 42（1）: 37 – 42



wall and ventricular septum was measured using
the tissue tracking imaging method（Vivid Five, GE
Medical Systems）as previously reported8）. After
acquiring the four-chamber view with a 2.5-MHz
phase-array transducer, regions of interest were
selected for the left ventricular free wall and ven-
tricular septum for the evaluation of tissue move-
ment. Myocardial tissue pulse-Doppler velocity
profile signals were reconstituted offline from the
tissue Doppler color images that provided regional
myocardial velocity curves. The onset of myocar-
dial contraction, i.e, the point at which the tissue
starts to displace toward the apex and the velocity
curve exceeds 0.0 cm/sec was measured to evaluate

the time difference of the onset between the free
wall and the ventricular septum.

Assessments of cardiac output and ventricular
wall motion were performed under three pacing
conditions : Without pacing ; at an AV interval of
180 msec ; and at an AV interval of 120 msec.
Pacing was performed at 75/min. As shown in Fig.
3, cardiac output, stroke volume and cardiac index
abruptly decreased soon after pacing was stopped,
but all quickly improved after pacing at 75/min and
an AV interval of 180msec was started. There was
further improvement when the AV interval was
decreased to 120 msec. Cardiac output at an AV
interval of 120 msec was 28% higher than that
without resynchronization. The phase difference of
ventricular wall motion was evaluated as the time
difference between the onset of septal contraction
and free-wall contraction（Fig. 4）. The phase dif-
ference decreased from 190 to 170 msec when
resynchronization therapy was performed at an AV
interval of 180 msec, and improved further to
150 msec when the AV interval was decreased to
120 msec（Fig. 5）.

DISCUSSION

The present case demonstrates the usefulness of
impedance cardiography and tissue Doppler
echocardiography in the evaluation of the effect of
cardiac resynchronization therapy on cardiac func-
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Fig. 1 Chest roentgenograms obtained before and after the start of cardiac resynchronization ther-
apy
The cardiac size decreased by 21% after resynchronization therapy was started.
CTR＝cardiothoracic ratio.

Fig. 2 Electrocardiogram findings before and after
cardiac resynchronization therapy

Resynchronization（－） Resynchronization（＋）

CTR＝74% CTR＝53%
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tion. Using impedance cardiography, the cardiac
output could be assessed easily and non-invasively.
Furthermore, the use of tissue Doppler echocardio-
graphy could determine the optimum phase delay
of the ventricular wall motion.

The main symptoms of heart failure are shortness
of breath and fatigue. Diminished cardiac output
induces fatigue by limiting increases in blood flow
to the working skeletal muscle during exercise,
which increases anaerobic metabolism. Impaired
cardiac output also augments the ventilatory
response during exercise because of increased ven-
tilation-perfusion mismatching. Therefore, mainte-
nance of cardiac output is critical in patients with
heart failure, and so whether cardiac resynchroniza-
tion therapy increases cardiac output when pace-
maker implantation is performed is important to
determine.

Cardiac output is often measured using the ther-

modilution technique with a pulmonary arterial
catheter. However, this catheter sometimes inter-
feres with the positioning of the pacing lead that is
lodged in the coronary sinus. Also, repetitive use of
10-ml saline injections during the determination of
cardiac output sometimes affects the blood volume.
Therefore, other devices to measure cardiac output
are needed. Impedance cardiography5,6）can evaluate
cardiac output non-invasively at the time of biven-
tricular pacemaker implantation. Using this tech-
nique, the pacing lead can be reinserted into a dif-
ferent branch of the coronary sinus if the increase
in the cardiac output is inadequate. Moreover,
unlike conventional impedance methods, position-
ing of electrodes is not critical, and special elec-
trodes or skin cleansing are not required. In addi-
tion, no estimation of the cylinder or truncated cone
model is needed. Thus, impedance cardiography
using Physio Flow enables easy and accurate non-

Fig. 3 Serial changes in heart rate, stroke volume, cardiac output and index during different atrio-
ventricular delay intervals
Cardiac output increased 29% during resynchronization with an atrioventricular interval of 120msec.
HR＝heart rate ; SV＝ stroke volume ; CO＝ cardiac output ; CI＝ cardiac index ; bi-V＝biventricular
pacing.



invasive evaluation of cardiac output.
In this case, although the patient’s heart rate

decreased to 57 beats/min when pacing was
stopped, this did not completely explain the
decrease in cardiac output, because the patient’s

stroke volume also decreased after pacing was
stopped. Therefore, the decrease in cardiac output
was partly due to increased asynchronous move-
ment of ventricular wall. The left ventricular ejec-
tion fraction increased minimally after cardiac
resynchronization therapy. The ejection fraction
was evaluated using the Teichholz method. Based
on this method, if the left ventricular diastolic and
systolic dimensions are similar before and after
resynchronization therapy, the ejection fraction is
similar, although the timing of the contraction is
altered. Therefore, the ejection fraction did not
increase although our patient’s symptoms improved.

The main mechanism responsible for the benefi-
cial effect of biventricular pacing is attenuation of
intraventricular asynchrony. Tissue Doppler
echocardiography enabled us to evaluate how much
the phase delay is improved by biventricular pac-
ing. In our patient, the phase delay decreased by
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Fig. 4 Tissue Doppler echocardiograms
One Doppler point（yellow）is positioned at the base of the
septum, and another（blue）in the posterior wall. Vertical
line indicates the onset of contraction. The distance
between the two vertical lines is regarded as the time dif-
ference of ventricular wall motion. The phase difference
between the ventricular free wall and intraventricular sep-
tum was 190 msec without cardiac resynchronization
（lower）. When resynchronization therapy was effective

with 120msec atrioventricular interval, the phase differ-
ence improved to 150msec, i.e. left ventricular wall con-
traction became more synchronous with cardiac resyn-
chronization therapy（upper）.
AV＝atrioventricular ; BI-V＝biventricular pacing.

Fig. 5 Serial changes in the intraventricular phase dif-
ference at different atrioventricular intervals
Abbreviation as in Fig. 4.



30 msec after starting resynchronization therapy
and cardiac output increased 28%. When the AV
interval was set at 180 msec, the phase delay
increased.

Impedance cardiography and tissue Doppler
echocardiography are useful for evaluating the ben-

eficial effect of cardiac resynchronization therapy
and determining the optimal AV delay interval.
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拡張型心筋症に対して両心室ペーシング療法を施行し

インピーダンス心拍出量計と定量的組織ドップラーエコー法

によって効果判定を行った1例

安 達　 仁　　平辻　知也　　櫻井　繁樹　　夛 田　 浩　　外山　卓二

内藤　滋人　　星 崎　 洋　　大 島　 茂　　谷口　興一

両心室ペーシング療法の効果判定は重要だが，簡潔で非侵襲的な方法は確立されていない．組織
ドップラーエコー図法とインピーダンス心拍出量計を用いて簡便かつ非侵襲的に両心室ペーシング
療法の効果を判定したので報告する．

83歳，女性の拡張型心筋症に対して両心室ペーシング療法を施行した．2週間後，両心室ペーシ
ング作動時および非作動時においてインピーダンス心拍出量計により心拍出量を，組織ドップラー
エコー図法により心室中隔および左室自由壁運動の位相差を検討した．房室伝導時間を120 msecに
した両心室ペーシング作動時，心拍出量は3.5から4.5 l/minに増加した．壁運動位相差は作動時に
は 190から 150 msecに減少した．房室伝導時間が 180 msecでは，心拍出量と位相差はそれぞれ
4.6 l/minと170 msecに変化した．これらの方法は簡潔に非侵襲的に行われ，両心室ペーシング療法
の効果判定に有用であった．
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