
Recently usage of i.v.contrast agents to iden-
tify LV endocardial border has become a popular

method. Harmonic imaging(HI) and power har-
monic imaging (PHI) are two imaging modalities
which increase the efficacy of visualization of con-
trast agents.

Harmonic imaging
The principle of harmonic imaging is that

when microbubbles are insonated they begin to res-
onate and generate harmonics of the transmitted
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Summary
Second harmonic (HI) and power harmonic imaging

(PHI) modalities have been combined with contrast agents for
LV endocardial border detection(EBD).Our objective was to
compare these methods with fundamental imaging (FUND) in
EBD and wall motion (WM) analysis.

EBD and WM was assessed from apical 4 and 2 cham-
ber views in 24 patient using ATL HDI 3000 and Acuson XP
128 machines. FUND and HI imaging at baseline was com-
pared to HI and PHI after Levovist (LEVO) injection at vari-
ous concentrations (10 ml of 300 mg/ml and 400 mg/ml)
Twelve segments were analyzed and scored by 2 different rea-
ders. A scoring system 0-3 was used for EBD and a 1-4 score
was used for WM. Overall p value and mean+standard error of
visual ratings for different imaging modalities are provided.

HI+LEVO and PHI+LEVO were significantly better than
FUND or HI alone for EBD.EBD did not differ significantly
between HI+LEVO and PHI+LEVO. Best improvement was
for apical septum and lateral walls.There were no differences
for WM among different imaging modalities.

EBD is significantly improved after Levovist administra-
tion with HI or PHI compared with FUND or HI imaging
alone.PHI gave similar results to HI for EBD. The LV seg-
ments most markedly improved with HI and PHI are apical
septum and lateral walls.
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Özet
Harmonik (H) ve" power" harmonik (PH) görüntüleme

teknikleri endokardial sınırları (ES) belirlemede kontrast ajan-
larla birlikte kullanılmıþtır. Çalıþmanın amacı bu metodları
klasik görüntüleme metodu ile karþılaþtırmaktır. ES ve duvar
hareketleri (DH) 24 hastada ATL HDI 3000 ve Acuson 128 XP
makinaları kullanılarak apikal 4 ve 2 boþluktan incelendi.
Bazal görüntüler klasik ve H metodlar ile alındıktan sonra
galaktozlu bir kontrast madde olan Levovist verilerek H ve PH
ile tekrarlandı. ES ve DH analizleri 12 segment üzerinden 2
bağımsız okuyucu tarafından değerlendirildi. Skorlama en-
dokard sınırları için (0=yok.1=hafif, 2=orta ve 3=iyi) þek-
lindeydi.

Sınırları belirlemede H görüntüleme bazale göre daha
üstün,kontrast madde ile birlikte H ve PH birbirlerine göre
farklı olmayıp bazale göre daha üstün bulundular.

Sonuçta: Levovist ile H veya PH bazal veya yalnız H
görüntülemeye göre ES belirlemede daha üstündü. PH ve H
sonuçları birbirine benzer bulundu. H veya PH ile görüntü
kalitesi en iyi artan segmentler apikal septum ve lateral duvar-
lardı.

Anahtar Kelimeler: Kontrast eko, Harmonik görüntüleme
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frequency.Harmonic mode attenuates tissue signals
and enhances flow signals (3). Harmonic imaging
can be performed with 2D and with Doppler sig-
nals. Sensitivity for microbubbles is much higher
using the Doppler mode.When harmonic imaging is
combined with Doppler it is called power harmo-
nic imaging (PHI) (4).

Power Doppler Harmonic imaging
Backscatter signal power is color coded. When

it is combined with Doppler signature of the myo-
cardium the former eliminates most of the tissue
signal and preserves the signals from blood flow.
The signal from the contrast agent can be visua-
lized in color overlaid in a high resolution conven-
tional 2D image, thus demonstrating increased
deliniation of the endocardium and better sensitivi-
ty to small changes in backscatter (3). Additional
enhancement of images may be obtained when it is
used with intermittant imaging. This is important
for myocardial contrast effect. Also it is proposed
that endocardial border deliniation is better with
this method.

Although there are some studies comparing HI
or PHI to fundamental imaging there are a few to
compare these two methods together. The aim of
this study was to compare these two tecniques with
each other and fundamental imaging for endocar-
dial border definition and wall motion analysis.

Material and methods
Patient Group

24 patients(18M and 6 F) with ischemic heart
disease and segmental LV dysfunction were in-
cluded in the study.Average age was 60+11 yrs.,
mean LVEF was 45+14%, while in 13 patients
(54%) EF was <50%.

Echocardiography
All examinations were performed either with

HDI 3000 or Acuson machine with a 2.5 mHz
transthoracic transducer. Standard apical 4 chamber
and 2 chamber view images were obtained in each
patient by fundamental,harmonic and after the con-
trast material injection by HI and PHI. Wall motion
analysis :12 segments were analyzed and scored by
2 independently blinded readers off tape.The fol-
lowing scoring system was used:

1:normal,2:hypokinesis,3:akinesis,4:dyskinesi
s, 5:aneurysmal.

Qualitative scoring system 0-3 was used for
endocardial border detection where 0:none, 1:min-
imal, 2:adequate, 3:good.

Contrast Agent
Levovist (SHU 508 A) is a first generation

contrast agent composed of galactose and small
amount of fatty acid that releases air bubbles when
combined with sterile water. It causes LV opacifi-
cation after venous injection in all patients with
normal pulmonary artery pressure (1). Bubbles
measure 2-8 mm in diameter, with 95% of the bub-
bles being<6 mm (2). It was prepared as a solution
of 300 and 400 mg and hand injected into an ante-
cubital vein as a 10 mg bolus.

Statistical Analysis
Endocardial border and wall motion analyses

were expressed as mean and standard deviation.
For reliability measurement generalizability coeffi-
cient was measured. A p value <0.05 was consi-
dered statistically significant.

Results
24 patients were analysed for endocardial bor-

der and wall motion (Table 1). All patients had is-
chemic heart disease, while 16 had hypertension
and 5 had AVR additionally. The total number of
analyzed segments was 576. The average wall mo-
tion analysis score was 1.29+0.04 in fundamental
and 1.28 +0.04 in harmonic imaging.On the other
hand when Levovist was added it was 1.31+0.04 in
harmonic imaging and 1.33+0.04 in PHI.There
were no differences for WM imaging in different
imaging modalities (Table 2). Average score for en-
docardial border detection was 1.31+0.07 for
FUND, while it was 2.05 +0.07 for HI.HI+LEVO

Table 1. Patient characteristics

Total number 24
Gender (male,n) 18(75%)
Age(y) 60+11
Left ventricular function
Normal(LVEF>50%) 11(45.8%)
Impaired (LVEF<50%) 13(54%)
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and PHI+LEVO were significantly better than
FUND or HI alone for EBD. It was 2.46+0.07 for
HI+LEVO and 2.47+0.07 for PHI+LEVO.EBD did
not differ significantly between HI+LEVO and
PHI+LEVO (Table 2). The generalizability coeffi-

cient measuring reliability for EBD and WM was
0.91.The best improvement was observed in the
EBD of apical septum and lateral walls (Figure 1
and 2). Contrast agent was well tolerated in all pa-
tients and no adverse reactions were seen.

Discussion
Both harmonic imaging and harmonic imaging

during power Doppler have been shown to enhance
the effects of contrast agents. This study compares
these two imaging modalities in combination with
Levovist.

Harmonic imaging technique is based upon the
resonance behavior of the microbubbles.Current
protocols use transient imaging (5). On the other
hand, in harmonic Power Doppler technique stimu-
lated acustic emission can be recorded.These sig-
nals originate from dissolving microbubbles which
result in high amplitute signals (5). It is proposed
that in comparison to HI,in HIPD provides better
detection of the myocardium from the LV cavity.In
addition HIPD with transient imaging is a very sen-
sitive method for the assessment of myocardial per-
fusion (6).

We have shown in our study that both second
HI and PHI enhances endocardial border detection
compared with fundamental imaging,especially vi-
sualizing lateral and apical septal segments.
Imaging is further enhanced by addition of contrast
agent (Levovist). When compared to each other,we
found no difference between these two methods
similar to Masoni'study (7) where they used
Echogen which is a second generation contrast
agent.

On the other hand In Yeleti's study PHI with
contrast was compared to PHI without contrast and
better endocardial visualization was obtained with
contrast agent (8).

It is postulated that there are three possible ex-
planations for HI enhancement of endocardial bor-
der detection:reduction in near field haze,reduction
in side lobes and nonlinear tissue backscatter (9-
12).

Conclusions
Although harmonic Doppler and PHI have

been shown to enhance the effects of several con-

Table 2. Endocardial border and wall motion
analysis

EBD Wall Motion

FUND 1.31+0.07 1.29+0.04
HI 2.05+0.07 1.28+0.04
HI+LEVO 2.46+0.07 1.31+0.04
PHI+LEVO 2.47+0.07 1.33+0.04

FUND<HI,FUND<HI+LEVO,FUND<PHI+LEVO(p<0.001)

Figure 1.

Figure 2.
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trast agents there are a few reports comparing the
usefulness of HI to PHI (5,7). This study demon-
strates the feasibility of these methods in image en-
hancement using Levovist as the contrast agent.
EBD is significantly improved after Levovist ad-
ministration with HI or PHI compared with FUND
or HI imaging alone.PHI gave similar results to HI
with contrast for EBD.

The LV segments most markedly improved
with HI and PHI were apical septum and lateral
walls. There were no differences for WMA using
these modalities.

REFERENCES
1. Nanda NC. History of echocardiographic contrast agents.

Clin Cardiol 1997; 20 (Suppl.),I-7-I-11.
2. Cheng S, Dy T, Feinstein S. Contrast echocardiography:

Review and future directions. Am J Cardiol 1998; 81
(12A):41G-48G.

3..Becher H, Tıemann K, Schlief R, Lüderitz B, Nanda CN.
Harmonic power Doppler contrast echocardiography.
Echocardiography 1997; 14:637-42.

4. Becher H, Schlief R. Improved sensitivity of color Doppler
by SHU 454. Am J Cardiol 1989; 64:374-7.

5. Main LM, Ascher CR, Odabashian JA, Cardon LA, Thomas
JD, Klein AL. Acomparison of frequency conversion tech-

nology, power motion imaging,and intrvenous Albunex for
improved endocardial resolution in patients with technical-
ly difficult echocardiograms. J Am Coll Cardiol 1998;
32:77A (Abstract).

6. Agrawal D, Malhotra S, Nanda NC et al. Harmonic power
Doppler Contrast echocardiography. Echocadiography
1997; 14:140-4.

7. Masoni N,Nikutta P,Schwartz S,Vannan M.Harmonic imag-
ing and power Doppler enhance left ventricular endocardial
border definition by contrast echocardiography with a
transpulmonary contrast agent Circulation 1996; 94
(supp.1): I 730 (abstract).

8. Yeleti R, Foltz J, Sawada G, Feigenbaum H, Segar DS.
Infusion of sonicated albumin during power Doppler imag-
ing enhances endocardial border visualization in patients
with suboptimal echocardiogrphic images. J Am Coll
Cardiol 1997; 29 (supp A):520 A(abstract).

9. Senior R, Soman P, Khattar RS, Lahiri A. Improved endo-
cardial visualization with second harmonic imaging com-
pared with fundamental two-dimensional echocardiograph-
ic imaging. Am Heart J 1999; 138:163-8.

10.Averkiou MA, Hamilton MF. Measurements of harmonic
generation in a focused finite-amplitute sound beam. J
Acoust Soc Am 1995; 98:3439-42.

11.WardB,Baker AC,Humphrey VF. Nonlinear propogation
applied to the improvement of resolution in diagnostic med-
ical ultrasound. J Acoust Soc Am 1997; 101:143-54.

12.Christopher T. Finite amplitute distorsions based in homog-
enous pulse echo ultrasonic imaging.IEEE Trans Ultrason
Ferroelec Freq Contr 1997, 44(1):125-39.

296 T Klin Kardiyoloji 2000, 13

Sibel ENAR ve Ark. COMPARISON OF CONTRAST ECHO IMAGING MODALITIES FOR LEFT VENTRICULAR ENDOCARDIAL BORDER...


