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Apical transthoracic Doppler echocardiography can be useful for
analysis of postoperative early function of the left internal thoracic
artery

Mitsumasa Hata, MD,a Jai S. Raman, FRACS,a Motomi Shiono, MD,b Nanao Negishi, MD,b Yukiyasu Sezai, MD,b
Elizabeth D. Croce, MA, CMI,a and Brian F. Buxton, FRACS,a Melbourne, Australia, and Tokyo, Japan

R
ecent studies have demonstrated that transthoracic
Doppler echocardiography, via either a parasternal or
supraclavicular approach, can reliably assess the post-
operative early patency of the left internal thoracic

artery (LITA) after grafting.1,2 However, the Doppler waveform
along the proximal LITA shows a different pattern from that of the
distal LITA because of the effect of blood pulsatility from the sub-
clavian artery. Therefore, it may be difficult to assess accurately
whether the graft is functionally patent. We consider it important
to evaluate the Doppler waveform along the LITA just proximal to

the anastomosis with the left anterior descending coronary artery
(LAD), because the distal portion of the LITA is the most sensitive
and is easily affected by vasospasm.3 The aim of this study was to
evaluate the efficacy of transthoracic Doppler echocardiography,
using apical views, for assessing the early postoperative graft
function of the LITA grafted to the LAD.

Methods 
Sixty-six patients who underwent coronary artery bypass grafting,
including 10 having off-pump bypass grafting, were studied. The
mean age of the patients was 65.2 ± 7.1 years (mean ± SD) and the
average number of grafts per patient was 3.12 ± 0.67. We evaluat-
ed postoperative LITA function either immediately after surgery or
during the first postoperative day (POD 1) with transthoracic
pulsed Doppler echocardiography using an Acuson C256 machine
(Acuson Corp, Mountain View, Calif) equipped with a 7-MHz
transducer. The patient was rolled about 45° toward the left side.
First, a left anterior oblique view was visualized by color Doppler
imaging by means of an apical approach (Figure 1). Next, the
probe was rotated about 45° toward the patient’s left side. The
LAD was then located along the interventricular groove. Finally,
the point of anastomosis between the LITA and the LAD was
detected by tipping the probe slightly upward (Figure 2, top). The
Doppler waveform in the distal portion of the grafted LITA has a
biphasic velocity pattern with a higher mid-diastolic and lower
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antegrade component at end-systole (Figure 2, bottom). The LITA
diameter, peak and mean diastolic velocity, velocity time integral,
and diastolic/systolic velocity ratios (D/S) were measured with
online calipers and averaged over 3 cardiac cycles. 

Results 
Echocardiogram. The LITA was effectively detected and

good-quality Doppler waveforms were obtained in all patients. The
LITA diameter was significantly enlarged in the first month after
surgery compared with POD 1 (mean ± SD; 1.90 ± 0.33 vs 1.72 ±
0.72 mm; P < .05, paired t test). The peak and mean diastolic
velocities on POD 1 were 0.24 ± 0.02 and 0.17 ± 0.02 m/s, respec-
tively, and the peak and mean D/S ratios on POD 1 were 1.64 ±
0.02 and 1.63 ± 0.01, respectively. These results were unchanged
1 month postoperatively. The velocity time integral was also sig-
nificantly increased in the first month after surgery compared with
on POD 1 (12.1 ± 2.7 vs 10.6 ± 2.2 cm; P < .05). 

Angiogram. On the basis of the angiographic results at 1 month
postoperatively, the patients were divided into 2 groups. Group I (n
= 63) included patients who had no problems around the LITA
anastomosis, whereas group II (n = 3) consisted of 2 patients with
90% stenosis at the point of anastomosis and 1 patient whose anas-

tomosis demonstrated reversed flow from the native LAD. In
group II, the average peak and mean diastolic velocities were 0.17
± 0.13 and 0.13 ± 0.11 m/s, respectively, and the peak and mean
D/S ratios on POD 1 were 0.98 ± 0.12 and 0.87 ± 0.10, respec-
tively. These results were significantly lower than those of group I
(0.23 ± 0.03 and 0.16 ± 0.02 m/s, P = .003, and 1.67 ± 0.24 and
1.65 ± 0.21, P = .004: Mann-Whitney U test). LITA Doppler wave
with D/S of more than 1.0 was associated with good angiographic
findings.

Discussion
The early postoperative graft flow reserve of the LITA may be
insufficient at times because of vasospasm or the effects of car-
diopulmonary bypass.4 Furthermore, the graft patency within the
first few weeks of surgery is also dependent on anastomotic tech-
nique, and occlusion or stenosis may be caused by technical prob-
lems. Therefore, we consider the routine evaluation of the LITA
Doppler waveform along the portion proximal to the anastomosis
to the LAD early in the postoperative period to be an essential part
of the postoperative assessment of LITA grafts. 

A previous report described a lower peak D/S ratio in a Doppler
echocardiographic study because of a stenosis of the LITA anasto-

Figure 1. Schematic drawing of the patient and echo probe position.

Figure 2. Doppler spectral trace of the distal portion of the left
internal thoracic artery (LITA) and its flow velocity pattern show-
ing LITA sampling at a point just proximal to the anastomosis (top)
and LITA flow velocity waveform (bottom). LAD, Left anterior
descending artery; S, systolic wave; D, diastolic wave.
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mosed to the LAD.1 In our patients, early conduit or anastomotic
malfunction was suggested in 3 cases because the D/S ratios were
less than 1.0. Angiography 1 month postoperatively demonstrated
anastomotic stenosis in 2 cases and competitive LITA flow from
the native LAD in 1 case. The latter patient was observed with the
expectation of LITA remodeling. We5 previously reported a case
in which an early postoperative LITA string sign resulting from
flow reversal disappeared spontaneously. The patency of the ves-
sel was markedly improved on the 1-year postoperative
angiogram.5 In this study, the postoperative average diameter of
the LITAs was significantly increased at 1 month. The presence of
an abnormal waveform as seen in the apical view of the LITA
Doppler study was correlated with angiographic abnormality. In
contrast, a LITA with a D/S ratio of more than 1.0 and an enlarged
diameter is likely to have excellent LITA function. 

Conclusion 
The Doppler apical approach may offer a noninvasive and repeat-
able method of evaluating LITA graft function in the immediate
postoperative period. This technique is economical and avoids
complications of angiography such as bleeding and infection. We

recommend performing postoperative LITA graft angiography if
the LITA Doppler findings show the D/S ratio to be less than 1.0. 
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