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Abstract: Objectives - The study aims to establish cut-off values for two transthoracic Doppler parameters (the peak di-
astolic/ systolic velocity ratio- DSVR and the diastolic fraction- DF) which would allow one to differentiate between patent
and dysfunctional left internal mammary artery (LIMA) graft. Methods - It was a prospective study which consisted of 30
consecutive patients with at least one LIMA graft, and acute coronary syndrome, investigated by transthoracic Doppler echo-
cardiography (T'TE) and coronary angiography. We measured the DSVR and the DF (ratio of the diastolic to total time velocity
integral) from the left parasternal window; we have also noted the presence of the systolic reversal of flow (SRF).

Results - A DSVR < 0.32 and a DF < 49% identified dysfunctional LIMA grafts with 100% specificity and 50% and 75% sen-
sitivity respectively. A DSVR > 0.5 and a DF > 51% identified patent LIMA grafts with 88% specificity and 75% sensitivity.
For a DSVR between 0.32 and 0.5 and a DF between 49% and 51%, an alternative method to discriminate between patent and
dysfunctional LIMA graft would be needed. The presence of SRF usually indicates LIMA-LAD competitive flow and a dys-
functional graft. Conclusion - The TTE of the LIMA graft is a noninvasive and accurate method for discriminating between
patent and dysfunctional LIMA graft.

Keywords: left internal mammary artery graft, transthoracic Doppler echocardiography, diastolic fraction, peak diastolic to
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INTRODUCTION

In recent years, the left internal mammary artery
(LIMA) has become the conduit of choice for the left
anterior interventricular artery (LAD) in coronary
artery bypass graft (CABG) surgery, being associated
with long-term patency’. Until a couple of years ago, its
assessment required invasive investigation, usually by
conventional angiography, which is still considered the
golden standard? for detecting graft stenosis’. However,
angiography is limiting because of its invasive nature,
its cost and availability. The routine tests used to assess
myocardial ischemia are difficult to interpret in pati-
ents with previous CABG, which is why an alternative
method to analyze grafts is needed. The flow in LIMA
has been investigated by transthoracic Doppler echo-
cardiography (TTE) since the early 1990s4. TTE is a
method that is noninvasive, easy to use, reproducible,
inexpensive’, without complications and applicable to
all patients, including those with a contraindication to
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contrast medium injections. It can be used both in the
immediate and late postoperative period in patients
with a history of CABG and recurrent myocardial is-
chemia. Performing TTE of the LIMA graft requires
the operators to carry out training and results interpre-
tation, especially as there is not a singular parameter
that can accurately confirm or refute a dysfunctional or
patent LIMA.

This prospective study aims to establish, by means of
two parameters (the ratio of peak diastolic to systolic
velocities and the diastolic fraction), the role of TTE in
identifying patent or dysfunctional LIMA grafts, which
will require control angiography.

METHODS

Study population
It was a prospective study, which comprised 30 patien-

ts with previous CABG, with at least one LIMA gratft,
presenting with acute coronary syndromes (ACS): un-
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stable angina (UA), acute non-ST and ST-elevation
myocardial infarction (NSTEMI and STEMI), between
January 2011 and June 2011, at the Heart Institute in
Cluj-Napoca. We chose patients with ACS because they
all had a coronary angiography on the same day as the
echocardiographic investigation of the LIMA graft. We
performed TTE for the LIMA graft in all patients before
performing a coronary angiography. The study proto-
col was approved by the hospital ethics committee and
all patients gave written consent to both examinations.

Transthoracic Doppler echocardiography of the LIMA
graft

The ultrasound examination was performed using a
Vivid S6, GE, Healthcare ultrasound unit, equipped
with a 7.5 MHz linear transducer. Transthoracic visua-
lization of the LIMA was achieved via the 3™ to the 5"
parasternal intercostals approach, as was previously de-
scribed>®*”%°, with the patients laying in a relaxed supi-
ne position. We identified the main body of the LIMA
graft via two-dimensional color flow mapping along
the 3™ up to the 5" intercostal space. Using the pulsed
Doppler method and 2-3 mm sampling volume located
within the vessel lumen we obtained intraluminal flow
signal (Figure 1). Angle correction was applied for the
velocity measurements. The flow pattern of a coronary
graft is usually biphasic with a diastolic predominance
(similar to a native coronary artery) (Figure 1). In cases
of graft dysfunction, the diastolic component is redu-
ced or disappears®.

We measured the following parameters: the peak
systolic (PSV- cm/s) and diastolic (PDV- cm/s) velo-
cities, the systolic and diastolic velocity time integrals
(SVTI- cm and DVTI- cm) (Figure 2). Oftline we cal-
culated peak diastolic to peak systolic velocity ratio
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Figure 1. Normal aspect of the LIMA graft by TTE, as seen in color Dop-
pler (up) and pulsed- wave Doppler (down) from the 3 or 4 left intercostals
space.
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DSVR (PDV/PSV) and the diastolic fraction (DF-%)
as follows: . The DF expresses how much the diasto-
lic flow represents in relation to the total (systolic plus
diastolic) flow’. Diastolic and systolic peak blood velo-
cities and their velocity-time integrals and ratios were
measured by tracing out the contour of the Doppler
velocity curve. The baseline values for each parameter
were obtained by averaging measurements from five
to seven consecutive cardiac cycles. We also noted the
presence of systolic reversal flow, a particular aspect
of the LIMA graft flow, usually indicating a dysfunc-
tional graft'®'" due to competitive flow with the native
LAD. This finding, which has been reported by other
authors”'®!', could be attributed to a delay in the pre-
ssure wave of the LIMA grafts'> under competitive flow
conditions from the native LAD.

The flow parameters of the TTE were measured
blind to clinical and angiographic results.

Coronary angiography

Cardiac catheterization was performed on the same
day, after the Doppler study, by expert angiographers
unaware of the echocardiographic findings. Cardiac
catheterization was performed by percutaneous right
femoral or radial approach, as previously described'.

Angiographic results for the LIMA graft were noted
as follows: patent (stenosis <50%), with competitive
flow from the LAD, dysfunctional (stenosis >70%, sub-
occlusion or occlusion).

Because LIMA graft flow is dependent on the LAD
and the left subclavian artery flow, we also analyzed the
aspect of the LAD after the anastomosis with LIMA
graft and the left subclavian artery. LAD flow after the
anastomosis with LIMA graft was noted as follows: na-
tive-dominant flow, in which the distal LAD was well
visualized from the native coronary injection; balanced
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Figure 2. The offline measurement of the diastolic velocity time integral
(DVTI) of the LIMA graft.
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flow, in which the distal LAD was visualized faintly;
graft-dominant flow, in which the distal LAD was not
visualized from the native coronary injection.

Statistical analysis

Data are presented as mean + SD for continuous vari-
ables and as number and percentage for dichotomial
variables. The analysis was performed using SPSS 20.0
(Statistical Package for Social Sciences version 20, SPSS,
Inc, Chicago, Illinois, USA). The Spearman correlation
coefficient was used to determine univariate relations.
Sensitivity, specificity and diagnostic accuracy were cal-
culated and compared using the chi-square test results.
Sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) were calculated,
with 95% confidence intervals. A probability of type I
error of 5% was established for every analysis, the value
of p <0.05 being considered statistically significant.

To establish cut-off values for the TTE parameters
to assess LIMA graft patency, we used the mathemati-
cal model “fixed threshold but different values” to clas-
sify patent/ dysfunctional grafts. From this model we
obtained classification thresholds, with minimum and
maximum values. The medical interpretation was the
following:

e patent LIMA (the values for both parameters were

greater than their maximum thresholds)

e dysfunctional LIMA (the values for both parame-

ters were smaller than their minimum thresholds)

e values could not be medically interpreted (the va-

lues of the parameters were between their mini-
mum and maximum threshold values)

Cut-off values were determined by selecting points
of potential clinical value, based on the literature
data®'*!5, namely a DSVR ratio 0.5 or <0.5 and a DF
>50% or <50%, for patent, and for dysfunctional grafts,
respectively. Those 2 parameters had not been previo-
usly analyzed together, only separately™.

RESULTS

General characteristics of the study population
(Tahel 1)

The majority of patients were men (85%), with a mean
age of 64 + 10 (mean * standard deviation: SD). The
number of grafts for each patient was 2 for 44% of
them, 3 for 30% of them, the others having 1 or 4 graf-
ts. The mean duration of grafts was 7 + 4.53 years, most
of them being older than 5 years (49%). 7% of patients
were still smoking, all were hypertensive, 44% were di-
abetics and 33% still had uncontrolled hypercholeste-
rolemia.
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Transthoracic Doppler echocardiography and
angiography of the LIMA graft

We detected LIMA graft in 29 out of 30 patients
(96.66%), from the left parasternal window.

None of the ACS had the LIMA graft as the culprit
vessel. In our study, all LIMA grafts were bridged to
the LAD and the patency rate for the LIMA at 7 + 4.53
years after CABG was 93.33%, only 2 (6.66%) of them
with body sub-occlusion.

Two patients (6.66%) had a LIMA graft body sub-
occlusion, one had a LIMA graft with competitive flow
from the LAD and the other with a 30% stenosis at dis-
tal anastomosis with native LAD.

Only in one patient did the left subclavian artery
have a 50% proximal stenosis, all other 29 patients had
left subclavian arteries without stenosis. Even if the left
subclavian artery had a 50% stenosis, the flow in the
LIMA graft had not been influenced yet and we deci-
ded to follow the left subclavian artery every 3 months
by ultrasound.

Patient number 6 (Figure 3) had a partial systolic
reversal flow (SRF) showing in a TTE from the 3 in-
tercostal space window, with a DSVR of 1.18 and a DF
of 67.13%. An angiography showed that the LIMA was
still patent, with competitive flow from the native LAD,
which was without significant stenosis.

Patient number 23 (Figure 4) and patient number 29
(Figure 5) had a total SRF showing in a TTE from the
4™ intercostal space, with a DSVR <0.5 and a DF <50%.
The angiographic examination showed that the LIMA
had a body subocclusion. The native LAD did not have
any significant stenosis in neither of the two patients,
and the flow in the LAD was native-dominant.

Patient number 28 had a 30% distal stenosis of the
LIMA and a native LAD with balanced flow. TTE re-

Figure 3. Partial systolic reversal flow showed by TTE from the 3rd intercos-
tal space window in patient number 6.
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Figure 5. Total systolic reversal flow showed by TTE from the left intercostal
space in patient number 29.

sults showed that he had a DSVR of 0.48 and a DF of
48%.

In 3 (10%) patients we have obtained SRF (one par-
tial and two totals), a particular flow in the LIMA graft
that usually occurs due to competitive flow with the na-
tive coronary artery. All three native LAD were without
significant stenosis. The LIMA graft was evaluated 5, 7
and 10 years respectively after CABG. In patient num-
ber 6, 5 years after the CABG, a TTE showed that the
LIMA was still patent, with competitive flow with the
LAD, with a DSVR of 1.18 and a DF of 67.13%. In pa-
tient number 23 and patient number 29 respectively, 7
years and 11 years respectively after the CABG, a TTE
showed that the LIMA was already dysfunctional, with
DSVR <0.5 and DF <50% in both cases.

Correlations of echocardiographic and angiographic
results for the LIMA grafts

In our study, the DF (p=0.016) and the presence of
systolic reversal flow (p=0.0001) are statistically signi-
ficant, correlated with the angiographic aspect of the
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LIMA graft subocclusion

LIMA graft, while the DSVR ratio is almost statistically
significant correlated with the angiographic aspect of
the LIMA graft (p=0.059).

Using the ROC curve analysis (Figure 6) we have
obtained the following threshold values for DSVR and
DE as noted in Table 2: DSVR ratio minimum=0.32
and maximum=0.50; DF minimum=49% and maxi-
mum=51%.

A DSVR <0.32 and a DF <49% identify a dysfunc-
tional LIMA graft with a sensitivity of 50% and 75%
respectively and a 100% specificity. A DSVR >0.5 and a
DF >51% identify a patent LIMA graft with 75% sensi-
tivity and 88% specificity. When the obtained values for
DSVR (between 0.32 and 0.50) and DF (between 49%
and 51%) are between their threshold values, we can
confirm neither the patency, nor the dysfunctionality
of the graft.

Table 3 contains all the values obtained for the TTE
parameters and the coronarography results for all pa-
tients.

The use of the LIMA graft to revascularize the LAD has
become widely adopted in the last decades, so there is
a great number of patients with aging grafts who need
noninvasive methods to assess graft patency. In recent
years, noninvasive detection of coronary artery bypass
grafts has been carried out by some studies using the
transthoracic Doppler technique>*!>'4Y7.,

The results of the present study demonstrate that
TTE is able to detect LIMA grafts, as we have obtai-
ned a description of the graft in 29 out of 30 patients
(96.66%), and the echocardiographic findings are reli-
able after comparing them with those showed by coro-
nary angiography. The two parameters used to assess
graft patency (DSVR and DF) were also used in other
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Figure 6. ROC curve to determine the best cutoff points for the DSVR and
the DF from the left intercostal window in evaluating the patency of LIMA
grafts.

studies, each having obtained different values to cha-
racterize patent or dysfunctional grafts.

In the study by Hwan Jun et al.'”” a DSVR ratio <0.40
predicted significant LIMA graft stenosis with a sensi-
tivity and specificity of 100% and 75% respectively. EI-
Masry et al.’® concluded that a DSVR ratio <1 predicted
70% LIMA graft stenosis with sensitivity and specificity
of 100% and 90%, respectively. In the study by Takagi
et al.’, a DSVR ratio <0.6 predicted severe (>75% dia-
meter) LIMA graft stenosis with a sensitivity and spe-
cificity of 100% and 80%, respectively. In our study, a
DSVR ratio <0.32 identified dysfunctional grafts, with
50% sensitivity and 100% specificity. Their study po-
pulation consisted of 56 grafts, 11 (19%) with severe
stenosis (>75%), while in our study only two grafts
(6.66%) had severe stenosis (sub-occlusion).

In the study of Madaric et al.*, a DSVR >0.5 yiel-
ded optimal accuracy in detecting the absence of LIMA
bypass dysfunction with a negative predictive value of
95%. In our study too, a DSVR >0.5 identified patent
LIMA grafts, with a negative predictive value of 95.65%.
In the study by Hata et al.*', a DSVR ratio >1 was asso-
ciated with good angiographic findings, without men-
tioning anything about the degree of any insignificant
stenosis of the LIMA graft.

Calafiore et al.?> showed that if the DSVR is >1, the
LIMA graft is “non-restrictive” and if the DSVR is <0.6,
the LIMA graft is probably occluded. They did not
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mention anything about the interpretation of the DSVR
values between 0.6 and 1. The results of our study are
consistent with the results obtained by Calafiore et al.?2,
which means that when the DSVR is between 0.32 and
0.5 the results cannot be accurately interpreted.

In our study, the threshold value for the DSVR which
allows the identification of dysfunctional LIMA grafts
is smaller than the ones described in the abovemen-
tioned studies, less than 0.32. This is probably due to
the fact that we only had two LIMA grafts with severe
stenosis (subocclusion), without having graft stenosis
between 75% and 90%.

Thus, when reading the literature, we will find stu-
dies that obtained a DSVR of <118,%%*, other studies
obtained a DSVR of <0.55,'** and one study obtained
a DSVR of <0.619., all of which allow the identificati-
on of significant LIMA graft stenosis. Which one sho-
uld we trust and which is the best threshold value for
the DSVR in order to identify patent or dysfunctional
LIMA grafts? We think those DSVR values are so diffe-
rent because the incidence of LIMA graft dysfunction
is quite rare”?® and each of these studies, as ours too,
had a small number of dysfunctional grafts, so statisti-
cally, their specificity was great, with poor sensitivity.

The DF expresses how much the diastolic flow repre-
sents in relation to the total flow (systolic plus diastolic)
and it can be calculated using VTI (cm) or the blood
flow (ml/min)™. Almost all published studies in litera-
ture used a DF<50% to identify severe stenosis of the
LIMA graft at rest, as it is considered the “golden stan-
dard criteria” for graft patency®. The DF is thought to be
the most powerful predictor because the peak velocity
ratio might be affected by native vessel stenosis®>” and
by the aspect of the native LAD after the anastomosis
with LIMA graft.

Tahle 1. General characteristics of the study population
Crt.

No Variable Percent of patients/Number + SD

Male sex 85%
Mean Age 64 + 10 years
Number of grafts/patient
2 grafts 44%
3 grafts 30%
1 or 4 grafts 36%

4. Mean duration of grafts 7 + 4.5 years

5. Still smoker patients 7%

6. Hypertensive patients 100%

7. Diabetic patients 44%

8. Uncontrolled hypercoles- 33%

terolemia
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Table 2. Medical interpretation for DSUR ratio and DF to assess LIMA graft patency

TDE of the LIMA graft from Diastolic Fraction
intercostals space window <49% 49-51% >51%
<0.32 dysfunctional dysfunctional not interpretable
DSVR  0.32-0.50 dysfunctional not interpretable patent
>0.50 not interpretable patent patent

Song et al.? stated that the ‘occluded’ grafts showed
a transthoracic DF of less than 60% in all grafts. n the
meta-analysis by Jones et al."*, a DF of less than 50%,
with an 89% sensitivity and a 94% specificity was the
most accurate criterion to identify LIMA graft steno-
sis, although the DSRV ratio also performed well. In
the study of Pizzuto*, a DF<50% had a 69% diagnostic
accuracy predicting LIMA graft stenosis >70%. In our
study, a DF <49% identified dysfunctional LIMA grafts
with 100% specificity and PPV, and a 96.15% NPV. We
obtained a DF >51% (sensitivity 75%, specificity 88%)
which allowed the identification of patent LIMA grafts.

Our study is in accordance with the abovementioned
studies, as the DF >51% identified patent LIMA grafts
in our study as well. In what dysfunctional LIMA grafts
are concerned, our threshold value for the DF is smaller
(<49%) than in other studies, probably due to the fact
that, as we have mentioned before, we only had 2 LIMA
grafts with body subocclusion in our study population.

When obtaining borderline values, between the
minimum and maximum threshold values for any of
the parameters (Table 1), we can neither say that the
LIMA graft is patent, nor dysfunctional (in our study
group, one graft had 30% stenosis at the anastomosis

Table 3. Transthoracic Doppler parameters and coronarography of the LIMA graft and LAD

Left Parasternal Window

No. patient DSVR DF(%) SRF Coronarography_LIMA Coronarography_LAD

1 0.56 57.25 0 patent graft-dominant

2 0.51 51.54 0 patent graft-dominant

3 0.97 72.5 0 patent graft-dominant

4 0.71 73.19 0 patent graft-dominant

5 0.74 63.38 0 patent graft-dominant

6 1.18 67.13 1 patent, competitive flow from IVA native dominant, IVA without stenosis
7 0.74 58.19 0 patent graft-dominant

8 0.52 51 0 patent graft-dominant

9 0.93 61.03 0 patent graft-dominant

10 1.06 71.19 0 patent graft-dominant

11 0.6 64.54 0 patent graft-dominant

12 0.65 58.08 0 patent graft-dominant

13 0.42 49.08 0 patent graft-dominant

14 0.32 49.77 0 patent graft-dominant

15 NV NV NV patent graft-dominant

16 0.5 56.25 0 patent graft-dominant

17 0.74 66.67 0 patent graft-dominant

18 1.26 73.08 0 patent graft-dominant

19 1.91 81.48 0 patent graft-dominant

20 0.46 49.4 0 patent graft-dominant

21 0.81 67.68 0 patent graft-dominant

22 1.88 77.58 0 patent graft-dominant

23 -0.59 22.29 1 dysfunctional, midgraft subocclusion native dominant, IVA without stenosis
24 1.21 67.52 0 patent graft-dominant

25 1.91 79.17 0 patent graft-dominant

26 0.98 71.39 0 patent graft-dominant

27 1.28 72.16 0 patent graft-dominant

28 0.48 48 0 30% distal stenosis balanced- flow, IVA with serial stenosis
29 -0.46 25 1 dysfunctional, midgraft subocclusion native dominant, IVA without stenosis
30 0.56 54 0 patent graft-dominant

DSVR ratio= diastolic/ systolic peak velocity ratio, DF=diastolic fraction, SRF=systolic reversal flow, NV= not visualised
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with LAD and the other one had competitive flow with
LAD, but was still patent). We would need an alterna-
tive method to say with certainty whether the graft is
patent or dysfunctional. There are also researchers who
believe that it is not clear whether a normal flow pat-
tern during resting conditions necessarily excludes the
presence of a critical stenosis®”'*!". In the study of Ci-
cala et al.”2, the DSVR ratio in multLADriate analysis
was not an independent predictor of LIMA graft func-
tion. The functional impairment of a vessel is proba-
bly better assessed by measuring its flow reserve. The
measurement of blood flow after the use of a coro-
nary vasodilator would allow noninvasive assessment
of flow reserve in the LIMA and may be useful in the
evaluation of graft stenosis of moderate severity. Chi-
rillo et al.”® concluded that in their study none of the
baseline Doppler indices could discriminate between
patent and stenotic grafts. We believe that performing
graft flow reserve when obtaining resting inconclusive
TTE parameters would help discriminate patent from
dysfunctional LIMA grafts.

The discovery of a SRF should raise some questions
about the graft patency and the stenosis of the native
coronary artery. In our study, two patients had total
systolic reversal of flow, a rare discovery thaw?”!53333%
with LIMA body graft subocclusion and one patient
had partial SRF with a still patent LIMA; all three abo-
vementioned patients had the native LAD without sig-
nificant stenosis. It seems that chronic competitive flow
from the native artery is the main cause of the LIMA
graft dysfunction”'¢*%**%3% as shown by TTE and this is
validated by the discovery of the SRF, which can be par-
tial in the early stages, before the LIMA graft becomes
dysfunctional, and total when the LIMA graft is already
dysfunctional®**.

Studying resting coronary graft flow by means of
transthoracic Doppler echocardiography is noninvasi-
ve, can be performed at any time, even before coronary
angiography in conditions of acute coronary syndro-
mes and is very challenging for the examiner. It requi-
res accurate interpretation, always taking into conside-
ration the multifactorial context of the patient.

Study limitations

The first important limitation of the study is the size
of the population, comprised of only 30 patients, and
the second is the small number of dysfunctional LIMA
grafts, only two. However, our findings are compatible
with previous studies in larger populations®>** with low
incidence of LIMA graft dysfunction, even after more
than 10 years after the CABG™.
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The third important limitation of our study is the fact
that we did not perform LIMA graft flow reserve, we
only propose it as an alternative noninvasive method
for graft patency, when resting DSVR and DF are not
diagnostic.

This study did not obtain data on patients’ comor-
bidities, the used medications, previous coronary ana-
tomy, nor on the left ventricular systolic function, all of
these being factors that could affect LIMA flow.

Rest TTE parameters of LIMA grafts, a DSVR >0.5 and
a DF >51% can correctly identify patent grafts, while
a DSVR <0.32 and a DF <49% identify dysfunctional
grafts. The discovery of a SRF should raise some ques-
tions about flow competition between LIMA graft and
native LAD. Therefore, this totally noninvasive method,
the TTE of the LIMA graft, may provide additional in-
formation for cardiac catheterization at the bedside or
in outpatient clinics, and would also be useful during
follow-up of patients with previous CABG.
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