
328

Introduction

At present, the use of composite arterial
grafts in coronary bypass surgery is becom-
ing ever more widespread. Their use may
overcome the limited availability of arterial
conduits for performing total arterial my-
ocardial revascularization and also allows
for a gain in conduit length whilst minimiz-
ing manipulation of the ascending aorta1-3.
The in situ left internal thoracic artery
(LITA) in Y- or T-configurations with an-
other arterial conduit has been utilized with
good clinical results3-5. However, it is still
controversial whether the main stem of the
in situ LITA of composite Y- or T-grafts can
adequately supply the whole stenotic coro-
nary artery tree both at rest and under
stress6-9.

So far, the in situ LITA has been reliably
evaluated by means of transthoracic echo-

Doppler (TTED)10-24. These evaluations were
compared with intraoperative ultrasound
transit-time flowmeter results21, or post-ope-
ratively tested with arteriography10-13,15,17,18,20,
exercise testing14, and myocardial perfu-
sion scintigraphy (MPS)20.

The aim of this prospective study was to
determine whether there was any correla-
tion between the TTED and MPS outcomes
regarding the dynamic evaluation of the
main stem of the composite radial artery
(RA) and the in situ LITA Y-graft.

Methods

Study patients. Between January and
April 2003, 60 consecutive patients with
two- or three-vessel disease underwent
coronary artery bypass grafting at our De-
partment. Complete myocardial revascu-
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Background. Composite arterial grafts are presently being used ever more frequently in coronary
bypass surgery. We assessed the composite radial artery and in situ left internal thoracic artery
Y-graft by means of transthoracic echo-Doppler and myocardial perfusion scintigraphy (MPS). 

Methods. In 53 patients who underwent complete myocardial revascularization using only this
composite arterial graft, good transthoracic echographic images and pulsed Doppler signals of the Y-
graft main stem were obtained at rest and early after standard exercise; the echographic parameters
were measured. Stress/rest MPS was the gold standard for residual myocardial ischemia. The patients
with negative MPS were divided into groups according to the number of coronary vessels grafted and
their history of preoperative myocardial infarction.

Results. The diastolic-to-systolic ratio of the peak velocities and velocity-time integrals both at rest
and after stress, and the stress-to-rest ratio of the diastolic peak velocities and diastolic velocity-time
integrals in the negative MPS patients were significantly greater than in the 6 positive MPS patients.
However, the restricted number of positive MPS cases limits the power of this statistical analysis. The
stress-to-rest ratio of the diastolic velocity-time integrals in the patients with three grafted coronary
vessels (median 2.3) and in those without preoperative myocardial infarction (median 2.1) were re-
spectively greater than in the patients with two vessels grafted (median 1.7, p < 0.0001) and those with
preoperative myocardial infarction (median 1.8, p = 0.0048).

Conclusions. Dynamic assessment with transthoracic echo-Doppler of a composite arterial graft
including the in situ left internal thoracic artery correlates with MPS. In patients with negative MPS,
transthoracic echo-Doppler correlates with the myocardial demand.
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larization was always achieved using only the compos-
ite RA and in situ LITA Y-graft. Emergency surgical
priority (according to the Society of Thoracic Surgeons
classification25), a positive Allen test of the non-domi-
nant arm, angiographic stenosis of the LITA or left sub-
clavian artery, and severe chronic obstructive pul-
monary disease (forced expiratory volume in 1 s < 40%
of the predicted values for age) were the only four ex-
clusion criteria we chose to adopt in the present study.
No limitations as to age, left ventricular ejection frac-
tion, the site of a preoperative myocardial infarction,
severity of critical coronary artery stenoses, renal func-
tion, metabolic diseases, or predicted operative risk
(according to the European system for cardiac opera-
tive risk evaluation26) were used; no further exclusion
criteria regarding the surgical priority or respiratory
function were accepted.

The patients’ personal data, preoperative clinical
status and cardiac function (Table I) as well as the op-
erative variables (Table II) and postoperative outcome
were prospectively recorded and analyzed. All the pa-
tients were discharged home in good conditions after an

8- to 10-day stay in hospital. Only one patient present-
ed with a major perioperative complication (myocar-
dial infarction).

A program of non-invasive dynamic assessment by
means of TTED of the composite arterial Y-graft at
about 8 months following surgery was devised and per-
formed. All patients were also submitted to MPS in or-
der to determine the presence of any residual myocar-
dial ischemia. A selective arteriography of the Y-graft
was performed in the patients with a positive MPS. The
patients with a negative MPS were divided into groups
according to the number of coronary vessels bypassed,
and the presence of preoperative myocardial infarction. 

The institutional review committee approved the
study. Each patient entering the study gave his informed
consent with particular emphasis on the type of surgery
and postoperative evaluation. The procedures followed
were in accordance with institutional guidelines.

Operative procedure. Following a standard median
sternotomy incision, the in situ LITA was dissected un-
til completely skeletonized. The RA was harvested as a
pedicled conduit from the non-dominant arm simulta-
neously to the LITA dissection. A warm diluted pa-
paverine hydrochloride solution was applied onto the
LITA and RA throughout the dissection, and gently in-
jected into the two conduits early before distal end clip
occlusion. The RA was maintained in situ until the end-
to-side Y-anastomosis with the in situ LITA had to be
performed. Cardiopulmonary bypass was then institut-
ed. Myocardial protection was achieved with intermit-
tent antegrade and retrograde cold crystalloid cardio-
plegia, and topical cooling. Mild systemic hypothermia
was employed. 

The LITA and RA branches of the Y-graft were re-
spectively used for the left anterior descending and the
circumflex and right coronary arteries. Every anasto-
mosis was performed using an 8-0 polypropylene run-
ning suture.

Dynamic assessment with transthoracic echo-Dop-
pler of the Y-graft. At about 8 months (range 6-9
months) following cardiac surgery, good transthoracic
echographic images and pulsed Doppler signals of the
Y-graft main stem were obtained at rest and early after
standard exercise in 53 patients (88%).

TTED assessment was performed using a computed
instrument (Vivid 3 Expert, GE Medical Systems,
Solingen, Germany) equipped with 5.0 and 7.5 MHz
linear array transducers, both at rest and early after a
treadmill exercise test for 15 min on a flat surface at 5
km/hour. The systolic and diastolic blood pressures and
heart rate were measured, and the double product was
calculated before and after exercise. The scanner head
was placed in the left supraclavicular space with the pa-
tient in the supine position. The main stem of the Y-
graft was localized by means of low non-directional
color flow mapping, and the diameter was measured at

G Gatti et al - Dynamic assessment of a composite arterial Y-graft

329

Table I. Preoperative clinical data of the study patients.

No. patients 60
Age (years) 64.9 ± 10.1
Females 10 (17%)
Diabetes mellitus 7 (12%)
Moderate COPD (FEV1 > 40% of the predicted 5 (8%)

values for age)
NYHA functional class IV 8 (13%)
CCS angina class 4 21 (35%)
Previous MI 14 (23%)
Left main coronary artery disease 12 (20%)
Three-vessel disease 33 (55%)
Previous PCI 6 (10%)
Previous CABG 4 (7%)
LVEF < 40% 7 (12%)
Urgent surgical priority* 6 (10%)
EuroSCORE > 6 (high-risk patients) 5 (8%)

CABG = coronary artery bypass grafting; COPD = chronic ob-
structive pulmonary disease; FEV1 = forced expiratory volume
in 1 s; LVEF = left ventricular ejection fraction; MI = myocar-
dial infarction; PCI = percutaneous coronary intervention. * ac-
cording to the Society of Thoracic Surgeons classification.

Table II. Operative variables.

Aortic cross-clamping time (min) 58.3 ± 19.7
CPB time (min) 71.1 ± 24.4
Operative time (min) 238.5 ± 57.6
No. coronary anastomoses per patient 4.3 (range 2-6)
No. LITA anastomoses to the LAD 96
No. RA anastomoses to the Cx 125
No. RA anastomoses to the RCA 37

CPB = cardiopulmonary bypass; Cx = circumflex coronary
artery; LAD = left anterior descending coronary artery; LITA =
left internal thoracic artery; RA = radial artery; RCA = right
coronary artery.



B-mode. The intraluminal flow signals were obtained
using the pulsed Doppler method: the sampling volume
was located within the vessel lumen, with the ultra-
sound beam maintained as parallel as possible to the
long axis of the main stem. The diastolic (DPV) and
systolic peak velocities (SPV), the diastolic (DVTI)
and systolic velocity-time integrals (SVTI), the dias-
tolic-to-systolic ratio of the peak velocities (DPV/SPV)
and velocity-time integrals (DVTI/SVTI), both at rest
and after stress, as well as the stress-to-rest ratio of the
diastolic peak velocities (DPVs/DPVr) and diastolic
velocity-time integrals (DVTIs/DVTIr) were the evalu-
ated echographic parameters. The DPV, SPV, DVTI,
and SVTI were determined on the basis of the shape of
the Doppler signal curve, the peak velocity being the
highest point of the Doppler wave, and the velocity-
time integral the area between the line traced on the
Doppler wave and the base line. 

In 2 patients with a robust neck it was impossible to
identify the main stem even at rest, and in another pa-
tient it was impossible to re-visualize the main stem af-
ter stress. In 3 patients the pulsed Doppler signals were
unreliable because the angle between the ultrasound
beam and the long axis of the main stem was > 30° and
hence the velocity obtained was an underestimation of
the true velocity. Finally, in one patient with periopera-
tive myocardial infarction and a Doppler waveform
with a very small diastolic peak followed by a larger
systolic component, the stress test was prudentially not
attempted at all; arteriography confirmed stenosis at the
Y-anastomosis.

Every TTED examination was recorded on VHS
videotape for separate off-line analysis by two experi-
enced observers who were unaware of the MPS results.

Myocardial perfusion scintigraphic evaluation. For
the 53 patients with satisfactory dynamic assessment at
TTED of the Y-graft main stem, 99mTc-sestamibi
MPS, with the single-photon emission computed tomo-
graphic approach, and according to the 2-day stress/rest
protocol, was chosen to determine the presence of any
residual myocardial ischemia27. MPS was always per-
formed within 7 days of the echographic evaluation in
each patient, and was considered positive for myocar-
dial ischemia if any reversible filling defect was identi-
fied on the stress and resting images. The Bruce exer-
cise protocol was used for exercise testing; it was con-
sidered positive for myocardial ischemia in the pres-
ence of a horizontal or downsloping ST-segment de-
pression of at least 0.1 mV at 80 ms after the J-point in
two adjacent leads of a continuously recorded 12-lead
electrocardiogram. The patient was considered as hav-
ing reached peak exercise when he achieved 90% of the
predicted maximal heart rate. 

Statistical analysis. Variables are expressed as mean ±
SD, percentage or median. The Mann-Whitney test was
used to compare the TTED parameters. Statistical sig-

nificance was assumed for a p value < 0.05. The power
of the test (1 - �) was calculated with � set to 0.05. The
sensitivity and specificity for myocardial ischemia of
the considered TTED parameters were calculated using
standard formulas, with MPS as the gold standard. The
medians of each parameter were chosen as threshold
values. Box-and-whisker plots were used to show the
distributional characteristics of the TTED parameters,
and to show any correlations with the MPS results.

The highest inter- and intraobserver variability al-
lowed for the echographic measurements was 3%.

Statistical analysis was performed using the
MINITAB release statistical software (MINITAB Inc.,
State College, PA, USA). 

Results

Out of all the 53 patients with satisfactory dynamic
assessment at TTED of the Y-graft, 6 (11%) patients
had a positive MPS. Postoperative coronary arteriogra-
phy confirmed the presence of a stenotic Y-graft (at the
RA-to-coronary artery anastomotic site) only in 2 pa-
tients.

Diagnosis of residual myocardial ischemia: correla-
tion between transthoracic echo-Doppler parame-
ters and myocardial perfusion scintigraphic results.
The inter- and intraobserver variability for the echo-
Doppler measurements were respectively 2.4 and 2.2%. 

At rest, while there were no statistically significant
differences regarding the evaluated systolic echo-
Doppler parameters (SPV and SVTI) between the pos-
itive MPS patients and the 47 patients with a negative
MPS, the diastolic echo-Doppler parameters (DPV and
DVTI) as well as the DPV/SPV and DVTI/SVTI ratios
were significantly lower in the positive MPS patients.
After stress, these differences (and the diastolic-to-sys-
tolic ratios) between the two groups of patients were
still more evident (Table III, Figs. 1A and 1B). The
DPVs/DPVr and DVTIs/DVTIr were severely impaired
in the positive MPS patients, and significantly lower
with respect to the negative MPS patients (Table III,
Fig. 1C). Stress also increased the sensitivity for resid-
ual myocardial ischemia of a DVTI/ SVTI ratio < 1.9 to
100%. However, the specificity for residual ischemia of
every TTED parameter was low because of the thresh-
old values adopted (Table IV). 

Correlation between the transthoracic echo-Dop-
pler parameters and myocardial demand. The
DVTIs/DVTIr in the patients with three coronary ves-
sels grafted and in those without preoperative myocar-
dial infarction (higher expected myocardial demand)
were respectively significantly greater than in the pa-
tients with two vessels grafted and in those with preop-
erative myocardial infarction (lower expected myocar-
dial demand). The DPVs/DPVr in the patients without
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Table III. Correlation between the transthoracic echo-Doppler parameters and the results of myocardial perfusion scintigraphy
(MPS).

Echo-Doppler (+) MPS patients (-) MPS-patients p 1 - �
parameter (n=6, 11%) (n=47, 89%) (n=53) (n=53)

DPV/SPV
At rest 0.5 1.0 < 0.0001 0.26
After stress 0.6 1.5 < 0.0001 0.21

DVTI/SVTI
At rest 0.7 1.5 < 0.0079 0.67
After stress 0.6 2.0 < 0.0002 0.27

DPVs/DPVr 1.1 2.3 < 0.0001 0.21
DVTIs/DVTIr 1.2 2.0 < 0.0002 0.31

DPVs/DPVr = the stress-to-rest ratio of the diastolic peak velocities; DPV/SPV = the diastolic-to-systolic ratio of the peak velocities;
DVTIs/DVTIr = the stress-to-rest ratio of the diastolic velocity-time integrals; DVTI/SVTI = the diastolic-to-systolic ratio of the ve-
locity-time integrals.

Figure 1. Distributional characteristics of the diastolic-to-systolic ratio of the peak velocities (DPV/SPV) (A) and velocity-time integrals (DVTI/SVTI)
(B), both at rest and after stress, as well as of the stress-to-rest ratio of the diastolic peak velocities (DPVs/DPVr) and diastolic velocity-time integrals
(DVTIs/DVTIr) (C) in the 53 patients with good transthoracic echographic images and pulsed Doppler signals of the Y-graft main stem. The echo-
Doppler data are correlated with those obtained using 99mTc-sestamibi myocardial perfusion scintigraphy (MPS). The data are shown using box-and-
whisker plots. The bottom of the box is at the first quartile (Q1) and the top is at the third quartile (Q3). The line drawn across the box is the median.
The lower whisker is the vertical line extending from the bottom of the box to the lowest value within the lower limit, i.e. Q1 - 1.5 · (Q3 - Q1); the up-
per whisker extends from the top of the box to the highest value within the upper limit, i.e. Q3 + 1.5 · (Q3 - Q1). The asterisk denotes the outlier, i.e. any
point outside the lower and upper limits. The gray boxes represent the values of the echo-Doppler parameters of the patients with a MPS positive for
residual myocardial ischemia [(+) MPS]; the white boxes those of the patients with a MPS negative for residual myocardial ischemia [(-) MPS]. Boxes
with a right slant fill type show the values after stress.

A

C

B



preoperative myocardial infarction was significantly
greater than in those with preoperative myocardial in-
farction (Table V, Fig. 2).

Discussion

Coronary arteriography is the choice method to
confirm graft patency and the correct localization of
anastomoses, to exclude any stenosis throughout the
graft or distal coronary artery, as well as to determine
the adequacy of the peripheral run-off of the grafted
coronary vessel. Arteriography is essentially a morpho-
logic but non-functional diagnostic tool. Optimal mea-
surements of coronary artery and coronary graft blood
flows are obtained using Doppler guide wire, which is
presently the gold standard for the assessment of the
coronary flow reserve in conscious humans7. However,
both coronary arteriography and flow wire determina-
tions are invasive and expensive. Moreover, since they
imply selective catheterization of the target vessel,
these examinations may induce spasm of the catheter-
ized artery, so causing a catastrophic event if the target

artery is the main stem of a composite arterial graft
achieving complete myocardial revascularization. Re-
cent studies have shown that non-invasive assessment
with TTED of in situ LITA graft blood flow is feasible
and reliable10-24. Thanks to TTED, it is possible to per-
form a complete (morphological and functional) evalu-
ation of the explored coronary graft.

The aim of this prospective study was to determine
whether TTED and MPS, with regard to the dynamic
evaluation of the main stem of the composite RA and in
situ LITA Y-graft achieving complete revascularization,
were correlated.

Our choice of exclusion criteria derives from the need
for a standard population of patients with coronary artery
disease, and good arterial conduits to construct good
composite Y-grafts. We chose 99mTc-sestamibi MPS as
the gold standard for residual myocardial ischemia be-
cause it is effective in predicting subsequent cardiac
events after coronary artery bypass grafting and hence
determining the need for coronary arteriography even in
asymptomatic patients28. All the patients were assessed
after 6 to 9 months following surgery. They underwent
the same surgical management and were prescribed the
same therapeutic regimen. Nuclear investigation was al-
ways performed early after TTED to rule out any clinical
change between the two evaluations. The plan of per-
forming a complete myocardial revascularization of the
whole stenotic coronary artery tree using only the com-
posite arterial Y-graft was completed for every study pa-
tient. The average number of coronary bypasses per pa-
tient and of coronary bypasses with the RA branch of the
Y-graft per patient was high. 

Our rate (88%) of satisfactory ultrasonic visualiza-
tions and evaluations of the main stem Y-grafts is in
agreement with what reported in the literature10-24.
Since TTED assessments after exercise were per-
formed in polypneic and stressed patients, we believe
that this is a very good result. The cause of failure in
the patient whose main stem was not visible after
stress was probably linked to hyperventilation follow-
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Table IV. Sensitivity and specificity of the transthoracic echo-
Doppler parameters for ischemia.

Echo-Doppler Sensitivity Specificity
parameter (%) (%)

DPV/SPV at rest < 1.0 100 66
DPV/SPV after stress < 1.3 100 57
DVTI/SVTI at rest < 1.5 83 61
DVTI/SVTI after stress < 1.9 100 66
DPVs/DPVr < 2.1 100 64
DVTIs/DVTIr < 2.0 100 57

DPVs/DPVr = the stress-to-rest ratio of the diastolic peak veloc-
ities; DPV/SPV = the diastolic-to-systolic ratio of the peak ve-
locities; DVTIs/DVTIr = the stress-to-rest ratio of the diastolic
velocity-time integrals; DVTI/SVTI = the diastolic-to-systolic
ratio of the velocity-time integrals.

Table V. Correlation, in the negative myocardial perfusion scintigraphy patients, between the transthoracic echo-Doppler parameters
and the number of coronary vessels bypassed with the Y-graft, and the occurrence of preoperative myocardial infarction (MI).

Echocardiographic 2 vessels 3 vessels p Preoperative MI No MI p
parameter grafted grafted (n=47) (n=14, 30%) (n=33, 70%) (n=47)

(n=20, 43%) (n=27, 57%)

DPV/SPV
At rest 1.0 1.0 < 0.96 1.0 1.0 0.68
After stress 1.3 1.5 < 0.79 1.2 1.6 0.62

DVTI/SVTI
At rest 1.5 1.5 < 0.77 1.5 2.0 0.74
After stress 1.9 2.0 < 0.41 1.9 2.0 0.26

DPVs/DPVr 2.0 2.4 < 0.058 1.8 2.3 0.035
DVTIs/DVTIr 1.7 2.3 < 0.0001 1.8 2.1 0.0048

DPVs/DPVr = the stress-to-rest ratio of the diastolic peak velocities; DPV/SPV = the diastolic-to-systolic ratio of the peak velocities;
DVTIs/DVTIr = the stress-to-rest ratio of the diastolic velocity-time integrals; DVTI/SVTI = the diastolic-to-systolic ratio of the ve-
locity-time integrals.



ing muscular exercise: the exuberant activation of the
accessory respiratory muscles, e.g. the (left) anterior
scalenus muscle, reduced the acoustic window for
TTED evaluation; indeed, the main stem was re-visu-
alized when the patient had recovered from stress but
the vasodilation induced by the physiological stimulus
had by then reverted. Any issue delaying the TTED in-
terrogation after stress jeopardizes complete dynamic
assessment of the Y-graft.

There were 4 patients with positive MPS but angio-
graphic patency of the Y-graft. A 34-year-old woman
with a history of combined familial hypercholes-
terolemia and insulin-dependent diabetes mellitus had
confirmed diffuse and peripheral coronary artery dis-
ease. The 2 patients with two grafted vessels and a nu-
clear stress test positive for inferior or inferolateral my-
ocardial ischemia had only one RA anastomosis and nei-
ther occlusion nor subocclusive stenosis of the proximal

right coronary artery; perhaps, in the presence of a small
coronary flow reserve and in the absence of both good
coronary run-off and proximal protective stenosis, stress
caused a crisis in the RA branch of the Y-graft of these
patients (a kind of steal phenomenon to the LITA
branch). Finally, failure of the main stem to adequately
perfuse the three stenotic coronary vessels was a plausi-
ble explanation in the patient with extensive myocardial
ischemia. There was a very good correlation between the
TTED assessment of the Y-graft main stem and the MPS
results in diagnosing residual myocardial ischemia.
There was a good correlation between the DVTIs/DVTIr
ratio and the expected myocardial demand.

The composite RA and in situ LITA Y-graft of this
study achieved complete myocardial revascularization;
thus any artifacts due to the presence of other coronary
grafts were eliminated. All the patients were evaluated
at midterm follow-up to remove any time-dependent
variability as regards to the growth potential of the
graft7,21,24,29. The results were compared with those ob-
tained using a very sensitive diagnostic tool such as the
2-day stress/rest 99mTc-sestamibi MPS. 

Study limitations. The restricted number of positive
MPS patients strongly limits the statistical power of
this study. Neither intravascular Doppler guide wire nor
quantitative arteriography were used to validate our
TTED parameter values. Because at our Institution
economic and ethical reasons limit postoperative coro-
nary arteriography in asymptomatic patients, this pro-
cedure was performed only in the positive MPS pa-
tients and in the patient who presented with periopera-
tive myocardial infarction. Our echo-Doppler measure-
ments were obtained neither after pharmacologically-
induced maximal hyperemic blood flow (with adeno-
sine, dipyridamole, or dobutamine) nor during atrial
pacing9, but after peak muscular exercise. The vasodi-
lation induced by physiological stimuli does not appear
to be as complete as that induced pharmacologically30.
Moreover, we did not assess simple grafts bypassing
one coronary artery but composite grafts sustaining up
to three coronary artery vessels. However, this appears
to be a limitation of the study: we were interested in the
values of the echo-Doppler parameters as they were re-
lated to the results of MPS, the number of coronary ar-
teries bypassed with the Y-graft, and the occurrence of
preoperative myocardial infarction, but not in the ab-
solute values; after maximal hyperemia the differences
in the values might be even more striking. We did not
consider the impact of the severity of coronary stenosis
on the coronary blood flow reserve. Last but not least,
the determinants of myocardial demand we used are ar-
bitrary and debatable, but simple and intuitive6,7,21-23.

In conclusion, composite arterial Y-grafts including
the in situ LITA minimize manipulation of the ascend-
ing aorta and should be able to sustain the whole stenot-
ic coronary artery tree, even during peak muscular ex-
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Figure 2. Distributional characteristics of the stress-to-rest ratio of the
diastolic peak velocities (DPVs/DPVr) and diastolic velocity-time inte-
grals (DVTIs/DVTIr) in the 47 negative MPS patients, according to two
empiric determinants of the myocardial demand: the number (2 or 3) of
coronary vessels bypassed with the Y-graft (A), and the occurrence of
preoperative myocardial infarction (MI) (B). The white boxes represent
the values of the echo-Doppler parameters of the patients with two graft-
ed coronary vessels (n = 20) or preoperative MI (n = 14); the gray box-
es those of the patients with three grafted coronary vessels (n = 17) or
without MI (n = 13).

A

B

No. of coronary vessels grafted



ercise stress. It is also possible to perform, by means of
TTED, a complete dynamic assessment of the main
stem. This dynamic assessment with TTED correlates
with MPS. In patients with negative MPS, TTED cor-
relates with the myocardial demand. The wide applica-
tion of TTED of the LITA may reduce the need of nu-
clear imaging for the follow-up evaluation of patients.
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