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Summary

Introduction

Background: Diagnosis of ventricular dyssynchrony
may play a role in patient selection for cardiac resyn-
chronisation therapy. Various imaging techniques are
available for diagnosis of dyssynchrony, including
echocardiography and radionuclide imaging. Whether
these techniques yield concordant results is not known.

Methods: We studied 31 patients with left ventric-
ular systolic dysfunction. Dyssynchrony was evaluated
by echocardiography using interventricular mechani-
cal delay IVMD) and pulsed-wave tissue Doppler im-
aging (TDI). Dyssynchrony was also measured in the
same patients using radionuclide angiography with nu-
clear phase analysis (NPA). Control subjects with nor-
mal systolic function were studied to determine cutoff
values for each technique.

Results: NPA was more likely to diagnose inter-
ventricular dyssynchrony than IVMD (68% vs 26% of
patients, p = 0.001). Intraventricular dyssynchrony
was more often diagnosed by NPA than TDI (84% vs
42%, p = 0.002). Agreement between echocardiography
and NPA was poor in diagnosing inter- and intraven-
tricular dyssynchrony (k <0.22 for all comparisons).

Conclusion: Poor agreement between echocardio-
graphy and NPA in diagnosing dyssynchrony may be
explained by the inherent differences between these
techniques, which are therefore non-interchangeable.
Recent data suggest that echocardiography has limited
value in predicting response to CRT. As NPA evaluates
dyssynchrony differently, it should be evaluated for this
application.
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Detection of mechanical dyssynchrony has been pro-
posed in order to improve patient selection before
cardiac resynchronisation therapy (CRT) [1]. Several
imaging techniques exist for the diagnosis of dyssyn-
chrony. Echocardiography is the most frequently used,
with M-mode, pulsed-wave Doppler and tissue Doppler
imaging (TDI). Magnetic resonance imaging may also
quantify ventricular dyssynchrony [2]. However, the
technique is relatively expensive and time-consuming,
and cannot be used to study the patient once a device
is implanted. Another technique that measures ven-
tricular function and dyssynchrony is radionuclide an-
giography with nuclear phase analysis (NPA) [3], which
has been in use for >25 years to assess ventricular con-
traction. This technique uses 99mTc-labelled erythro-
cytes to evaluate temporal changes in regional ventric-
ular blood pool activity, thereby allowing evaluation of
inter- and intra-ventricular dyssynchrony (fig. 1). Pres-
ence of left ventricular dyssynchrony assessed by NPA
was predictive of unfavourable outcome in patients
with idiopathic dilated cardiomyopathy [4]. This tech-
nique has the advantage over echocardiography of eval-
uating global ventricular dyssynchrony rather than re-
gional wall motion as with TDI, and unlike MRI may
be performed in patients already implanted with CRT
[5, 6].

There is currently no gold standard for diagnosis
of dyssynchrony, and a direct head-to-head comparison
of different techniques is lacking. Our aim was there-
fore to investigate whether echocardiography and NPA
provide concordant results for evaluation of inter- and
intraventricular dyssynchrony.
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Figure 1

Principles of nuclear phase analysis (NPA) of radionuclide ventriculography. 32 im-
ages are acquired per cardiac cycle (by ECG gating) with planar scintigraphy in the
“best septal” LAO projection (for optimal separation of the ventricles). After defin-
ing the endsystolic and enddiastolic frames, a region of interest is manually drawn
(in this case around the left ventricle). For each pixel, a time-activity curve is plot-
ted using a first harmonic Fourier transform. The maximum change in activity
defines the phase angle of the pixel. Colour-coding of each pixel according its
phase angle then allows construction of a phase map, the data of which can also
be displayed as a phase histogram. This is an example of a left ventricular phase
histogram in a normal subject.
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Methods

Study population

The study included 31 patients (66 + 14 years, 21 males) with
a left ventricular ejection fraction (LVEF) of <0.35 (measured
by radionuclide angiography) and in sinus rhythm. QRS
width was not a criterion, since it has previously been shown
that mechanical dyssynchrony may be present in patients
with a narrow QRS [7]. Six patients were implanted with a
CRT device which was inactivated during the recordings. A
control group of 40 subjects (49 + 13 years, 19 males) with
normal left ventricular systolic function (LVEF >0.6), sinus
rhythm, a narrow QRS (<120 ms), and without structural
heart disease was also studied to obtain cutoff values of the
echocardiographic parameters, as previously reported [8]. An-
other group of 33 subjects (50 + 14 years, 15 males) without a
cardiovascular history, normal left ventricular systolic func-
tion, sinus rhythm, and a narrow QRS (<120 ms) was also
studied to obtain normal cutoff values for NPA. Patients with
bundle branch block were excluded from the control group, as
mechanical dyssynchrony may result from the intraventricu-
lar conduction delay despite normal global systolic function.
The protocol was approved by the institutional ethics com-
mittee, and all patients gave informed consent to partici-
pation in the study.

Echocardiography

All echocardiographic data were acquired by a single experi-
enced observer (HM) to reduce variability of the recordings,
using a Philips Sonos 7500 echocardiograph (Andover, MA)
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with an S3 probe. Digital echocardiograms were recorded ac-
cording to the American Society of Echocardiography guide-
lines [9].

Standard echocardiography: The same technique as de-
scribed in the CARE-HF study [10] was used to measure in-
terventricular mechanical delay (IVMD). Pulsed-wave
Doppler samples were placed at the leaflet tips of the aortic
and pulmonary valves in the apical five-chamber view and
the parasternal short-axis view respectively. The aortic and
pulmonary pre-ejection intervals were defined as the delays
between the onset of the QRS complex and onset of blood flow.
The difference between these intervals yielded the IVMD.

TDI: Pulsed-wave TDI samples (with 250 Hz pulsed-rate
frequency) were placed on the basal segment of the free wall
of the right ventricle and a total of four basal segments of the
left ventricle in the apical 2- and 4-chamber views. At each
point the delay between QRS onset and onset of the Sm (Sys-
tolic motion) wave was measured. Interventricular delay was
defined as the maximal absolute delay between measure-
ments of the right and left ventricle [11]. Intraventricular
delay was defined as the maximal difference between any 2 of
the 4 measurements of the left ventricle [11-15].

All recordings were performed at end-expiration during
normal breathing. Gain and filter settings were adjusted to
optimise the images, and the sweep speed was set to 100 mm/
s. A single observer (HM) measured the data using digital cal-
lipers with dedicated software (EnconCert, Philips, Andover,
MA). Each parameter was averaged over three consecutive
beats, and the data were rounded off to the nearest 5 ms for
easier interpretation. The same observer repeated the record-
ings and measurements in 16 patients to assess intra-obser-
ver reproducibility.

Radionuclide angiography and NPA

Standard blood labelling was performed after a blood sample
was drawn and labelled with 1 GBq of technetium-99m and
then reinjected to the patient intravenously. The ECG was
monitored continuously during image acquisition for R-wave
gating, with elimination of extrasystolic and post-extrasys-
tolic cycles. Multigated equilibrium blood pool planar scinti-
grams at 32 frames/cycle (200-250 Kcounts/frame in a 64 X
64 matrix) were acquired using an ADAC-Phillips gamma
camera until the number of counts was at least 6 X 10¢ in the
“best-septal” left anterior oblique projection providing opti-
mal right and left ventricular discrimination. This usually re-
quired approximately 10 minutes of acquisition. The right
and left ventricular regions of interest in telesystole and tele-
diastole (corresponding to the minimum and maximum blood
pool activities respectively) were manually drawn by a single
investigator (I.F.) Ventricular dyssynchrony was assessed by
NPA as previously described [4—6]. The computer assigns a
phase angle (between 0 and 360°) to each pixel of the image
(fig. 1). A phase histogram is then generated, representing the
distribution of the different phases measured in the regions of
interest selected. This histogram is colour-coded, allowing
identification of the different peaks corresponding to differ-
ent regions of the ventricles. Each ventricle may be analysed
separately, with calculation of the corresponding mean and
standard deviation (SD) of the phase histogram which repre-
sent the mean time and the spread of regional motion. Inter-
ventricular dyssynchrony was measured as the absolute dif-
ference between the arithmetic mean phase of each ventricle.
Left intraventricular dyssynchrony was calculated as the SD
of the left ventricular phase histogram [3, 4].
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Phase data were processed using locally-developed cus-
tomised software (Hermes Medical Solutions, Stockholm,
Sweden). Phase angles were converted from 360° angles
to milliseconds for easier comparison with echocardiogra-
phy by the following formula: (phase angle/360)xRR(ms).
Analysis was restricted to the ventricular histograms by a
cropping tool of the customised software. To avoid discon-
tinuities of the phase histogram, the entire scale was
shifted by —100 ms when required, thus placing mean ven-
tricular ejection time in the centre of the phase histogram
scale, as previously described [5, 6]. The same investiga-
tor blindly performed the measurements twice in 18 pa-
tients at different times to assess intra-observer repro-
ducibility.

Statistical analysis
The Shapiro-Wilk test indicated that the echocardiographic
and nuclear data did not have Gaussian distributions. Due to

Table 1
Patient population demographics.

Patients (n = 31)

Age (years) 66 + 14
Sex (M/F) 21/10
Aetiology
Ischaemic 18
Non-ischaemic cardiomyopathy 13
LVEF (%) 28+9
NYHA I/1I/1/1V 5/13/10/3
QRS duration (ms) 124 + 33
QRS <120ms 15
LBBB 11
RBBB 2
Indeterminate BBB 3
Treatment
Beta blockers 22
ACEI/ARB 27
Loop diuretics 10
Spirinolactone B
CRT 6

ACEl = ACE inhibitors; ARB = angiotensin receptor blockers.

Table 2

Results of the different parameters of dyssynchrony in the control and patient groups.

Controls Patients

Echocardiography

IVMD (ms) 13+£12 26 + 24
TDl interventricular delay (ms) 14+8 43 + 28
TDI left intraventricular delay (ms) 9+6 26 + 27
NPA

Interventricular delay (ms) 12+8 44 + 34
LV phase SD (ms) 21 +7 47 £ 17

IVMD = interventricular mechanical delay; NPA = nuclear phase analysis;
TDI = tissue Doppler imaging; LV = left ventricle; SD = standard deviation
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positive skewness of the data, we used the 90th percentile (in-
stead of mean + 2 SD) to obtain cutoff values of the parame-
ters from the control populations. The Mann-Whitney test
was used to compare continuous variables between the con-
trol and patient groups. We used the McNemar test to com-
pare diagnosis of dyssynchrony obtained by the different tech-
niques. Linear regression was used to correlate values of dys-
synchrony between echocardiography and NPA. Agreement
was evaluated using the Kappa statistic (with x <0.2 indicat-
ing poor agreement and k = 0.21-0.4 fair agreement). Repro-
ducibility was assessed using the Bland-Altman method.
Data are expressed as mean + SD. A two-sided p value of
<0.05 was considered statistically significant.

Results

The patient demographics are shown in table 1.

Reproducibility of the measurements: 95% limits of
agreement were —27 ms to 26 ms for IVMD, —20 ms to
19 ms for TDI interventricular dyssynchrony and
—19 ms to 17 ms for TDI intraventricular dyssynchrony.
Reproducibility of NPA was similar to that of TDI con-
cerning interventricular dyssynchrony: —18 ms to 22
ms, and slightly less good for intraventricular dyssyn-
chrony: —25 ms to 27 ms. Variations in measurement
of NPA parameters were chiefly due to slight differ-
ences in regions of interest and in selection of the lim-
its of the phase histograms by the cropping tool.

Normal limits for diagnosis of dyssynchrony: Cut-
off echocardiographic values obtained from the control
group (rounded off to the nearest 5 ms) were as follows:
>30 ms for IVMD, >25 ms for interventricular dyssyn-
chrony by TDI, and >20 ms for left intraventricular
dyssynchrony by TDI. For NPA, cutoff values (rounded
to the nearest 5 ms) were >20 ms for interventricular
dyssynchrony, >30 ms for left intraventricular dyssyn-
chrony (LV phase SD). Results of all parameters of dys-
synchrony differed significantly between control and
patient groups (table 2). We also analysed our data by
applying previously-reported limits of IVMD >40 ms
[10], TDI interventricular delay >38 ms [12], TDI left
intraventricular delay >40 ms [12], NPA interventricu-
lar delay >30 ms [4], and NPA LV phase SD >45 ms [16]
and >50 ms [4].

Interventricular dyssynchrony:
Diagnosis of interventricular dys-
synchrony depended on the imag-
p ing technique used and the cutoff

applied (table 3). Agreement be-

0.018 tween the measurement techniques
<0.001 was poor regardless of whether the
0.002 cutoffs were derived from the study

control population or from previous
<0.001 published reports (k <0.22 for all
<0.001 comparisons). Correlation between

echocardiography and NPA was
moderate for IVMD and poor for
TDI (fig. 2).
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Intraventricular dyssynchrony: Diagnosis of left in-
traventricular dyssynchrony was more probable by
NPA than by echocardiography, and was highly de-
pendent on the cutoff used (table 3). Analysing the left
ventricular phase maps, 8/31 (26%) patients had evi-
dence of apical dyskinesia (fig. 3). Significant scatter of
the measurements obtained from the two techniques
resulted in poor correlation for diagnosis of intraven-
tricular dyssynchrony (x <0.1 for all comparisons).
Thus there was no statistically detectable correlation
between NPA and TDI for intraventricular dyssyn-
chrony (fig. 2).

Figure 2
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An example of discordant diagnosis of inter- and
intraventricular dyssynchrony between TDI and NPA
in a single patient is shown in figure 3.

Evaluation of dyssynchrony according to QRS du-
ration: The patient population was divided into two
groups according to QRS duration <120 ms (n = 15) or
>120 ms (n = 16). There was significantly greater in-
terventricular dyssynchrony with echocardiographic
parameters in patients with a wide QRS (IVMD 39 +
27 msvs 12+ 9 ms, p=0.003, and interventricular TDI
59 + 40 ms vs 27 + 88 ms, p = 0.034), and a trend to-
wards greater left intraventricular dyssynchrony by

Correlation between echocardiography and NPA for parameters of interventricular and left intraventricular dyssynchrony.
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Tabl

Caok:n?):rison and agreement between echocardiography and NPA for diagnoses of dyssynchrony in the patient population.
Echocardiography n (%) NPA n (%) P K
Interventricular dyssynchrony
IVMD >30 ms# 8 (26) Interventricular delay >20 ms# 21 (68) 0.001 0.17
IVMD >40 ms'0 7 (23) Interventricular delay >30 ms4 15 (48) 0.039 0.21
TDI >25 ms# 15 (48) Interventricular delay >20 ms# 21 (68) 0.12 0.02
TDI >38 ms'2 13 (42) Interventricular delay >30 ms4 15 (48) 0.79 0.09
Intraventricular dyssynchrony
TDI >20 ms* 13 (42) LV phase SD >30 ms* 24 (84) 0.002 0.01
TDI >40 ms'2 6 (19) LV phase SD >45 ms'6 17 (55) 0.013 0.04
TDI >40 ms'2 6 (19) LV phase SD >50 ms* 12 (39) 0.18 0.05

# Cutoffs derived from the control population of the present study. All other cutoffs are derived from the cited references.
IVMD: interventricular mechanical delay; LV: left ventricle; NPA: nuclear phase analysis; SD: standard deviation;

TDI: tissue Doppler imaging

Table 4

Agreement between echocardiography and NPA for diagnosis of dyssynchrony in patients with a normal and a wide QRS

complex.

Echocardiography

IVMD >30 ms
Interventricular TDI >25 ms
Intraventricular TDI >20 ms

NPA

Interventricular delay >20 ms
Interventricular delay >20 ms
LV phase SD >30 ms

Kappa statistic

QRS <120 ms
(n=15)

0.07
0.15
0.07

QRS 2120 ms
(n=16)

0.28
0.13
0.01
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TDI (32 + 30 ms vs 20 =23 ms, p =0.14). There were no
differences in dyssynchrony between wide and narrow
QRS groups as concerns NPA parameters (interven-
tricular delay 48 + 40 ms vs 39 = 27 ms, p = 0.71, and
intraventricular LV phase SD 49 + 20 ms vs 46 + 14 ms,
p = 0.71). Agreement for diagnosis of dyssynchrony
between echocardiography and NPA was equally poor
in patients with a wide or normal QRS (table 4).

Figure 3
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Discussion

Our study shows that dyssynchrony in patients with
severe systolic dysfunction is more frequently diag-
nosed with radionuclide angiography than with
echocardiography. The former technique showed evi-
dence of interventricular dyssynchrony in 68% of pa-
tients and of left intraventricular dyssynchrony in 84%

Discordance between TDI (on the left of the panel) showing absence of inter- or intraventricular dyssynchrony (delays of
5 and 10 ms respectively) and NPA (on the right of the panel) showing both inter- and intraventricular dyssynchrony in
the same patient (interventricular delay of 854-775 = 79 ms, with a left ventricular phase SD of 48 ms (N <30 ms).

The left ventricular apex is dyskinetic (arrow) shown in green with late phase on the histogram. Note that this patient

has a narrow QRS.
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of patients, compared to less than half of patients stu-
died by echocardiography. The prevalence of mechani-
cal dyssynchrony shown by NPA in our patients was
higher than previously reported by Fauchier et al. [16]
where only 37% of patients had interventricular dys-
synchrony and 54% left intraventricular dyssynchrony.
These differences are due to lower cutoff values for dys-
synchrony derived from our larger control population
of 33 patients compared to 20 patients in that study
[16] (higher cutoffs are automatically generated due to
larger SD values, despite similar mean values). When
we used the same 45 ms cutoff as Fauchier et al. [16]
for left ventricular phase SD, prevalence of intraven-
tricular dyssynchrony fell to 55% (almost identical to
their study). Importantly, agreement between techni-
ques for diagnosing dyssynchrony was no better when
we applied cutoffs derived from previously published
reports.

The lack of agreement in diagnosis of dyssynchrony
between NPA and echocardiography is due to inherent
differences in the techniques. First, the physical pa-
rameters being measured are different. Pulsed-wave
Doppler measures blood flow and TDI measures re-
gional wall motion, whereas NPA analyses regional
changes in blood volume. Even though these parame-
ters are interrelated, their relationship is complex. For
example, regional changes in blood volume within the
left ventricle may not coincide with ventricular outflow,
due to redistribution in dyskinetic segments. As an-
other example, TDI may indicate early onset of motion
in a segment that is initially stretched while ejection
of blood from that region may be very much delayed.
Second, pulsed-wave TDI only measures longitudinal
wall motion, and ignores radial and circumferential
components that also play a part in ejection. Third,
echocardiography analyses data from a limited num-
ber of points, whereas NPA evaluates dyssynchrony of
the entire right and left ventricles. Apical dyskinesia
will therefore be missed by TDI samples placed on the
basal segments, whereas NPA will indicate dyssyn-
chrony.

Henneman et al. [17] reported good correlation be-
tween TDI and phase analysis of myocardial perfusion
single-photon emission computed tomography (SPECT)
for assessment of dyssynchrony. Their results do not
contradict our data since SPECT measures myocardial
thickening, contrary to radionuclide angiography
which assesses changes in blood volume. In another re-
port by the same authors [18], phase LV SD measured
by SPECT predicted clinical response to CRT with a
sensitivity and specificity of 74%, which was less than
the 80% sensitivity and specificity previously reported
by the same group using TDI [19]. Recently the
PROSPECT trial [20] has shown that current echocar-
diographic techniques have limited value for prediction
of response to CRT in patients with a wide QRS, and
similarly disappointing results were found for patients
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with a narrow QRS in the RethinQ trial [21]. It is
therefore unlikely that a technique that is in agree-
ment with these echocardiographic parameters will be
able to predict response to CRT. Furthermore, com-
pared to radionuclide angiography, myocardial SPECT
has the disadvantages of increased imaging time, in-
ability to evaluate interventricular dyssynchrony and
potentially limited feasibility in patients with low my-
ocardial perfusion.

Toussaint et al. [22] have shown that baseline in-
terventricular (and not left intraventricular) dyssyn-
chrony assessed by radionuclide angiography and NPA
is predictive of a favourable response to CRT. However,
left intraventricular dyssynchrony in that study was
measured between the apex and the base, and not as
the SD of the ventricular phase histogram as in our
study and other publications [3, 4]. The main mecha-
nism whereby CRT brings improvement is believed to
be correction of left intraventricular dyssynchrony
(which increases contractility and reduces mitral re-
gurgitation), rather than of interventricular dyssyn-
chrony (which may nevertheless affect ventricular in-
terdependence) [23]. Hence prediction of response to
CRT by NPA evaluation of left intraventricular dys-
synchrony should be reevaluated using the technique
described in our report.

Study limitations

We analysed only pulsed-wave TDI and not colour-
Doppler TDI, for which many parameters of dyssyn-
chrony have been described. However, as the latter
technique is not available in all echocardiographs,
pulsed-wave TDI is often used in clinical practice.
Pulsed-wave TDI also has better temporal resolution,
with a pulsed-rate frequency of 250 Hz compared to ap-
prox. 100 Hz with colour-Doppler TDI (depending on
the imaging sector used). The results might have been
different had we analysed delays to peak Sm by TDI
(instead of only to Sm onset). However, we and others
have previously shown that this measurement has lim-
ited reproducibility [8, 24]. We limited TDI acquisition
to four sample volumes of the left ventricle, and had
more segments been used agreement with NPA might
have been better. The control groups were different for
echocardiography and for NPA, and were not matched
for age to the patient group, which may therefore have
yielded inappropriate cutoff values of dyssynchrony.
However, it has previously been shown that dyssyn-
chrony is not related to age in control subjects [13]. We
also used other cutoff values obtained from previous
studies in our analysis, which did not affect the results.
The population size was relatively limited due to the
number of parameters studied in each patient. How-
ever, the results very clearly indicated lack of agree-
ment between the different techniques for measuring
dyssynchrony, and it is unlikely that the findings would
have differed with a larger population. Finally, pres-
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ence of class III or IV heart failure was not mandatory
in our patient population, since our aim was to com-
pare techniques for evaluation of dyssynchrony in pa-
tients with systolic dysfunction, and not to evaluate
prevalence of dyssynchrony in candidates for CRT.

Conclusions

Whether diagnosis of mechanical dyssynchrony can im-
prove patient selection for CRT remains to be proven
by multicentre randomised trials [1, 25, 26]. The main
focus of interest has been echocardiography, but the
disappointing results of the PROSPECT [27] and
RethinQ [21] trials have dampened enthusiasm for cur-
rent echocardiographic parameters. Our study shows
that radionuclide angiography yields different results
from echocardiography in the diagnosis of dyssyn-
chrony, due to the inherent differences between tech-
niques, and therefore merits further investigation for
prediction of response to CRT.
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