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Abstract

Background: The purpose of this study was to explore the value of
the left internal mammary artery flow velocity (LIMAV) measured
by ultrasound before coronary artery bypass grafting (CABG) in pre-
dicting the prognosis of patients after left internal mammary artery
(LIMA) bypass grafting.

Methods: One hundred and four patients who underwent CABG with
LIMA as the bridge vessel in the cardiovascular surgery department
of our hospital between May 2018 and June 2019 were selected. All
patients underwent transthoracic Doppler ultrasonography to measure
LIMAV preoperatively. Intraoperatively, mean graft flow (MGF) and
pulsatility index (PI) of the LIMA bridge were measured using transit
time flow measurement (TTFM). The primary endpoint event in this
study was cardiac death within 18 months after surgery.

Results: The Cox survival analysis showed that the MGF, the LI-
MAV and left ventricular ejection fraction (LVEF) were risk factors
for death after CABG. The cut-offs of MGF, LIMAV and LVEF for
the prediction of death after CABG were < 14 mL/min (area under
the curve (AUC): 0.830; sensitivity: 100%; specificity: 65.6%), <
60 cm/s (AUC: 0.759; sensitivity: 65.5%; specificity: 85.3%), and <
44% (AUC: 0.724; sensitivity: 50%; specificity: 88.5%), respectively.
Compared with the use of MGF, MGF + LIMAYV, combination of the
MGF + LIMAV + LVEF (AUC: 0.929; sensitivity: 100%; specific-
ity: 81.1%) resulted in a stronger predictive value (MGF vs. MGF +
LIMAV + LVEF: P=0.02).

Conclusion: LIMAV measured by preoperative transthoracic ultra-
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sound combined with intraoperative MGF and LVEF may have a
greater value in predicting patients’ risk of cardiac death after CABG.
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diography; Internal mammary artery

Introduction

Coronary artery bypass grafting (CABG) is one of the most
effective methods for the treatment of coronary atheroscle-
rotic heart disease. The internal mammary artery (IMA) is the
preferred bridge vessel for CABG because of its low variabil-
ity and high long-term patency rate [1]. Clinical studies have
found that the presence of varying degrees of stenosis in the
subclavian artery can lead to reduced flow velocity in the IMA.
Patients who choose the ipsilateral IMA as the bridge vessel
may have low flow velocity in the bridge vessel after surgery,
which may again cause angina and other symptoms of myocar-
dial ischemia [2], even though intraoperative transit time flow
measurement (TTFM) did not reveal significant indications of
poor bridge vessel function.

At this stage in most of our patients, angiography was not
performed prior to CABG to assess the presence of lesions
and reduced flow velocity in the left internal mammary artery
(LIMA). However, during the procedure, we have also faced
cases in which the IMA had a lesion that was not used for by-
pass, which in turn required bypass grafting using the saphen-
ous vein or radial artery, the procedure that may have led to
an unnecessary increase in operative time. Therefore, as early
as 2009, a review was published suggesting the need for non-
invasive assessment of IMA patency prior to coronary artery
surgery [3]. Digital subtraction angiography (DSA) is the gold
standard for assessing the vascular structure of the IMAs; how-
ever, its invasive nature has greatly limited its clinical use [4].
Although multidetector computed tomography (MDCT) can
also accurately assess the vascular structure of the IMAs, it is
not suitable for routine pre-CABG because of its radioactive
nature and high cost [5]. Color Doppler ultrasound is the most
commonly used examination method to assess vascular lesions
and flow velocities because of its convenience, practicality,
non-radiation and repeatable operation. However, studies us-
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Figure 1. The LIMAV measured by preoperative transthoracic ultrasound and intraoperative MGF. (a) Preoperative LIMAV was
81.7 cm/s. (b) Intraoperative MGF was 19 mL/min. LIMAV: left internal mammary artery flow velocity; MGF: mean graft flow.

ing ultrasound to evaluate the IMA before CABG are rarely
reported. Therefore, the purpose of this study was to explore
the value of the left internal mammary artery flow velocity
(LIMAV) measured by ultrasound before CABG in predicting
the prognosis of patients after LIMA bypass grafting.

Materials and Methods

Patients

This study was a single-center retrospective observational
study. This study retrospectively analyzed patients who un-
derwent CABG at our hospital from May 2018 to June 2019.
Eighty-one patients (77.9%) were male, with a mean age of
61.18 + 8.86 years. All patients with coronary artery discase
were free of comorbid heart valve disease or other organic
heart disease. All patients were bypassed using the LIMA with
or without saphenous vein bypass. Inclusion criteria were: 1)
no significant stenosis or occlusion in preoperative transtho-
racic bilateral IMA ultrasonography; 2) non-emergency sur-
gery. Exclusion criteria were: LIMA was extensively diseased,
had obvious sign of hematoma, or was damaged in any way
that could potentially adversely affect flow. We finally includ-
ed 104 patients. The primary endpoint event in this study was
cardiac death within 18 months after surgery. This study was
approved by the IRB of the First Affiliated Hospital of Xi’an
Jiaotong University. The study was conducted in compliance
with the ethical standards of the responsible institution on hu-
man subjects as well as with the Helsinki Declaration.

Ultrasound of IMA

Color Doppler ultrasound diagnostic instrument (Philips
CX50, Philips Medical Devices Group, the Netherlands)
equipped with a linear array probe at 7 - 10 MHz was used. All
patients perfected bilateral IMA ultrasonography before the
procedure to clarify the presence of stenosis or plaque forma-
tion in the vessel (discarded for those with stenosis or plaque).
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The diameter and flow velocity parameters of the LIMA were
also obtained (Fig. 1a).

The patient was asked to lie in a supine position with the
shoulders elevated and the head slightly tilted back so that the
left side of the neck and shoulder could be fully exposed. The
probe was placed in the left supraclavicular fossa to make a
transverse cut and probe the long axis of the subclavian ar-
tery, then the probe was rotated by 90% and slid inward and
outward to reveal the beginning of the IMA on the opposite
side of the inferior wall of the subclavian artery, that is, the
beginning of the vertebral artery. The diameter of the LIMA
was measured at the third intercostal space cross-section of the
chest wall. Flow velocity was measured in a long-axis view of
the IMA in the third intercostal segment (Fig. 1a). All exami-
nations were performed by the same senior ultrasonographer.

Echocardiography

Color Doppler ultrasound diagnostic instrument (Philips CX50,
Philips Medical Devices Group, the Netherlands) equipped with
a cardiac probe at 1 - 5 MHz was used. We measured overall
left ventricular systolic function using the biplane Simpson’s
method according to the American Society of Echocardiogra-
phy (ASE) guidelines [6]. The left ventricular ejection fraction
(LVEF) was divided into four grades: male: 52-72% (normal
range), 41-51% (mild abnormality), 30-40% (moderate abnor-
mality), < 30% (severe abnormality); female: 54-74% (normal
range), 41-53% (mild abnormality), 30-40% (moderate abnor-
mality), < 30% (severe abnormality).

TTFM

Intraoperative blood flow and pulsatility index (PI) in the
LIMA bridge vessels were measured using TTFM (Medistim
VeriQ, Oslo, Norway) [7] (Fig. 1b). TTFM parameters in-
cluded: 1) mean flow (Q, mean graft flow (MGF)), which is
the mean blood flow in the bypass graft vessel; 2) PI value,
which is the ratio of the difference between the maximum and
minimum blood flow in the graft vessel to the mean flow (PI =
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(Qmax - Qmin)/Qm).

After all bridge vessels were anastomosed, they were neu-
tralized with fisetin. We waited for the circulation to stabilize.
We then selected the appropriate size ultrasound probe (2 or 3)
according to the bridge vessel diameter and placed the bridge
vessel into the probe near the anastomosis for direct measure-
ment. For unsatisfactory measurements, the surrounding con-
nective tissue can be removed, skeletonized, and measured
again. If necessary, the anastomosis and the graft vessel need
to be repeatedly examined or even re-anastomosed and meas-
ured again. Criteria for determining whether the blood flow
in the bridge vessel is satisfactory included: 1) satisfactory
coupling (> 50% or more) when measuring the bridge vessel
in the IMA; 2) TTFM shows a stable and reproducible flow
waveform pattern; 3) the average flow red line is stable at the
plateau period after recording the above data.

CABG

Patients were extubated and CABG was performed under gen-
eral anesthesia. All patients underwent CABG by median thor-
acotomy. We used low-frequency electroknife to free the IMAs
bilaterally, and after systemic heparinization, we dissected the
distal IMAs and protected them with poppyine wet gauze. The
corresponding target vessel anastomosis was then completed.

Outcome

To be classified as cardiac death, any of the following had to be
fulfilled: death caused by myocardial infarction, heart failure,
cardiac tamponade, ventricular fibrillation, pulseless electrical
activity, atrial fibrillation, and arrhythmia [8].

Statistical analysis

Data were expressed as either mean + standard deviation (SD),
median and interquartile range (25th and 75th percentiles), or
frequency (%). Correlation was measured using Spearman cor-
relation analysis. We performed a Cox proportional-hazards re-
gression modeling to study independent predictors of death. Re-
ceiver-operating characteristic (ROC) curve analysis was used to
determine the optimal cut-off points for LIMAV, MGF and LVEF
to predict death. ROC curves were used to compare the values of
MGF, MGF + LIMAYV, and MGF + LIMAV + LVEF in predic-
tion. A P value of < 0.05 was considered significant. All calcula-
tions were processed using the SPSS software package and Med-
cal software package for Macintosh (SPSS, Chicago, IL, USA).

Results

Basic information

Tables 1 and 2 list the basic information and laboratory tests
of 104 patients with coronary atherosclerotic heart disease
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Table 1. Preoperative Baseline Characteristics of CABG Pa-

tients (n = 104)

Variables xelfr(l‘;: )SD
Age (years) 61.18 +8.86
Male (%) 81(77.9)
Hypertension history, n (%) 60 (57.7)
History (years) 9.41 £9.44
Systolic blood pressure (mm Hg) 171.05 + 19.85
Diastolic blood pressure (mm Hg) 100.13 + 8.75
Diabetes mellitus, n (%) 33 (31.7)
History (years) 8.08 £ 6.77
AMTI history, n (%) 9(8.7)
PCT history, n (%) 7(6.7)
AMI, n (%) 18 (17.3)
AMI complications
Ventricular wall tumor formation, n (%) 1(1)
Papillary muscle insufficiency, n (%) 0
Ventricular septum perforation, n (%) 1 (1)
Cholesterol (mmol/L) 3.82+1.22
Triglyceride (mmol/L) 1.51+0.61
HDL-C (mmol/L) 0.91 £0.22
LDL-C (mmol/L) 231+1.18
Apo-Al (mmol/L) 1.12+0.40
Apo-B (mmol/L) 0.79 £0.25
Glucose (mmol/L) 6.21 £2.76
Glycated hemoglobin (%) 6.39+1.52
Echocardiography
LVEDD (mm) 52.36 + 6.34
LVESD (mm) 35.92 +£7.50
EDV (mL) 135.29 +40.69
ESV (mL) 58.24 +31.86
SV (mL) 77.87 +18.24
EF (%) 57.43 +£10.59
Normal 77 (74.1)
Mild abnormal 17 (16.3)
Moderate abnormal 10 (9.6)

AMI: acute myocardial infarction; PCI: percutaneous coronary interven-
tion; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density
lipoprotein cholesterol; Apo-A1: apolipoprotein A1; Apo-B: apolipopro-
tein B; LVEDD: left ventricular end-diastolic dimension; LVESD: left
ventricular end-systolic dimension; EDV: end-diastolic volume; ESV:
end-systolic volume; SV: stroke volume; EF: ejection fraction.

(CAD) combined or not with heart valve disease who were in-
cluded in the study. All patients underwent CABG. Of the 104
patients, nine (8.7%) had previous acute myocardial infarction
(AMI) and seven (6.7%) had previous percutaneous coronary
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Table 2. Preoperative and Intraoperative Characteristics of

LIMA (n = 104)
Characteristics Mean + SD or n (%)
LIMA
Diameter (mm) 2.38 £0.38
Velocity (cm/s) 78.69 + 18.81
Number of bridges (n) 3(1-9)
Bridge section of LIMA (n, %)
LIMA-LAD 78 (75)
LIMA-DIAG-LAD 18 (17.2)
LIMA-DIAG 5(4.8)
LIMA-LCX 1(1)
LIMA-RCA 2(2)
Extracorporeal circulation (yes, %) 20(19.2)
MGF (mL/min) 22.37 +£15.07
PI 2.61 £0.89
Postoperative hospital stay (days) 13.30+7.42

DIAG: diagonal branch of coronary artery; LAD: left anterior descend-
ing branch; LCX: left circumflex coronary artery; LIMA: left internal
mammary artery; MGF: mean graft flow; PI: pulsatility index; RCA: right
branch of coronary artery.

intervention (PCI). AMI occurred in 18 patients (17.3%) at this
time, of which AMI complications were as follows: ventricu-
lar wall tumor formation, one case (1%), ventricular septum
perforation, one case (1%). LVEF results measured by the bi-
plane Simpson method of echocardiography were as follows:
normal, 77 cases (74.1%); mildly abnormal, 17 (16.3%); mod-
erately abnormal, 10 (9.6%).

In all 104 CABG patients, the maximum number of by-
passes was 8, the minimum was 1, and the average was 3.
The LIMA bypass sites were as follows: LIMA-left anterior
descending (LAD), 78 cases (75%); LIMA-diagonal branch
of coronary artery (DIAG)-LAD, 18 cases (17.2%); LIMA-
DIAG, five cases (4.8%); LIMA-left circumflex coronary ar-
tery (LCX), one case (1%); LIMA-right branch of coronary
artery (RCA), two case (2%). The total number of bridges was
368. Of all 104 CABG patients, intraoperative extracorporeal

circulation assistance was performed in 20 cases (19.2%). In
all patients, the mean LIMA diameter was 2.38 + 0.38 mm and
mean LIMAV was 78.69 + 18.81 cm/s, which were measured
by ultrasound before CABG. The mean value of MGF meas-
ured after CABG was 22.37 = 15.07 mL/min and the mean
value of PI was 2.61 £ 0.89.

Association between the LIMAV and MGF

Correlation analysis showed a correlation between LIMAV
and MGF (r = 0.210, P = 0.033), while there was no correla-
tion with other relevant parameters.

Survival analysis

Among the 104 patients, eight patients died over the follow-
up period (at the 5th, 5th, 10th, 11th, 11th, 17th, 17th, 18th
month, respectively). All eight patients were cardiac death.
Among these eight cases, six patients with LIMA-LAD, two
patients with LIMA-DIAG, and all these eight patients were
single-vessel bypass graft and did not undergo venous bypass
grafting.

The Cox survival analysis showed that the MGF (haz-
ard ratio (HR) = 0.748, 95% confidence interval (CI): 0.600
- 0.932, P =0.010), the LIMAV (HR = 0.922, 95% CI: 0.857
- 0.992, P = 0.029) and LVEF (HR = 0.910, 95% CI: 0.884
- 0.980, P = 0.013) were risk factors for death after CABG
(Table 3). It is suggested that the lower of the MGF, the lower
of the LIMAY, the lower of the LVEF, the shorter the survival
time of the patients.

ROC analysis

The optimal cut-off points for the prediction of death after
CABG obtained using ROC curve analysis are shown in Table
4. The cut-offs of MGF, LIMAV and LVEF for the prediction
of death after CABG were < 14 mL/min (AUC: 0.830), < 60
cm/s (AUC: 0.759) and <44% (AUC: 0.724), respectively (Ta-
ble 4).

Compared with the use of MGF, MGF + LIMAY, combi-

Table 3. Univariate and Multivariate Cox Regression Analysis for Association Between Death and Various Parameters

HR 95% CI P

Univariate analysis

LVEF (%) 0.929 0.868 - 0.994 0.034

LIMAV (cm/s) 0.946 0.901 - 0.992 0.023

MGF (mL/min) 0.793 0.648 - 0.970 0.024
Multivariable analysis

LVEF (%) 0.910 0.844 - 0.980 0.013

LIMAV (cm/s) 0.922 0.857-0.992 0.029

MGF (mL/min) 0.748 0.600 - 0.932 0.010

Cl: confidence interval; HR: hazard ratio; LIMAV: left internal mammary artery flow velocity; LVEF: left ventricular ejection fraction; MGF: mean graft flow.
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Table 4. Predictive Value for Variables When Used to Predict Death

Variables Cut-off AUC P Sensitivity Specificity PPV NPV
MGF (mL/min) <14 0.830 <0.001 100 65.6 19.518 100
LIMAV (cm/s) <60 0.759 <0.001 62.5 85.3 26.182 96.46
LVEF (%) <44 0.724 0.009 50 88.5 26.617 95.499
MGF + LIMAV - 0.887 <0.001 100 76.8 26.448 100
MGEF + LIMAV + LVEF - 0.929 <0.001 100 81.1 30.623 100

AUC: area under the curve; LIMAV: left internal mammary artery flow velocity; LVEF: left ventricular ejection fraction; MGF: mean graft flow; NPV:

negative predictive value; PPV: positive predictive value.

nation of the MGF + LIMAV + LVEF resulted in a stronger
predictive value (MGF vs. MGF + LIMAV + LVEF: P =0.02)

(Fig. 2).
Discussion

In CABG with the IMA as the bridge vessel, if there is stenosis
or occlusion of the ipsilateral subclavian artery, the flow veloc-
ity of the ipsilateral IMA will be reduced accordingly, which
will directly affect the coronary blood supply after CABG, and
the symptoms of myocardial ischemia will occur. The possible
hemodynamic changes are as follows: stenosis or occlusion
at the beginning of the subclavian artery, resulting in reduced
flow velocity in the ipsilateral IMA, or low flow velocity due

100
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i —— MGF+LIMAV+LVEF
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100-Specificity
Variables p
MGF vs MGF+ LIMAV 0.16
MGF vs MGF+LIMAV+LVEF 0.02
MGF+LIMAV vs MGF+LIMAV+LVEF 0.15

Figure 2. Compared with the use of MGF, MGF + LIMAV, combination
of the MGF + LIMAV + LVEF resulted in a stronger predictive value
(MGF vs. MGF + LIMAV + LVEF: P = 0.02). LIMAV: left internal mam-
mary artery flow velocity; LVEF: left ventricular ejection fraction; MGF:
mean graft flow.
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to the direct receipt of blood from the subclavian artery [2].
According to previous reports [9], the lumen of the IMA will
gradually become thinner and the intima will gradually thicken
under low-flow conditions, thus affecting the blood supply to
the bridge vessels. With the prolongation of the disease and
the aggravation of subclavian artery stenosis, angina pectoris,
myocardial infarction and other symptoms of myocardial is-
chemia will occur again, which may lead to cardiac death in
severe cases.

TTFM has become an important tool for evaluating the
blood flow status of bypass graft anastomoses during CABG
surgery because of its accuracy, convenience, stability and re-
producibility [10, 11], and is now widely used in clinical work
in coronary surgery [12]. Factors that may affect TTF include
blood viscosity, graft vessel quality and internal diameter size,
vascular resistance, own coronary artery internal diameter, re-
sistance, and arterial vasospasm [13].

Tokuda and colleagues [14] evaluated graft patency in 261
grafts and performed a 3-month angiographic follow-up in 123
patients, concluding that TTFM parameters may be a useful
predictor of early graft failure. The same group evaluated 104
grafts in 51 patients in a separate study 1 year later with fol-
low-up angiography 1 - 4 years after surgery, and the findings
suggested that TTFM provided a good prognostic indicator
for intermediate outcomes [13]. Despite the recommendation
from the European guidelines for myocardial revascularization
[15] to consider MGF below 20 mL/min and PI above 5 as sug-
gestive of an inappropriate graft, those figures remain contro-
versial [11, 16]. Di Giammarco et al concluded that MGF < 15
mL/min is one of the predictors of poor short-term prognosis
in patients [17]. Most often, a cut-off value of 15 to 20 mL/min
for MGF has been recommended, regardless of the conduit and
the anastomosis site [17-19]. In our study, we found that MGF
< 14 mL/min was associated with poor prognosis in patients in
18 months, and this cut-off value seems to be lower than those
obtained in any previous study.

In our study, we found a positive correlation between pre-
operative LIMAV and intraoperative MGF. The results of Cox
regression analysis showed that MGF, LIMAYV and LVEF were
also associated with cardiac death in patients after CABG.
We also found that MGF combined with LIMAV and LVEF
was more effective in predicting all-cause cardiac death after
CABG than MGF alone. There was no significant difference
in the value of intraoperative MGF combined with LIMAV
compared with MGF alone for predicting all-cause mortal-
ity. When MGF < 14 mL/min, LIMAV < 60 cm/s and LVEF
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< 44%, patients are more likely to die of cardiac origin af-
ter CABG. In our study, we added the results of LIMAV and
LVEF at baseline status to the study. We thought that MGF
combined with LIMAV and LVEF may be of greater value in
predicting the risk of cardiac death after CABG. To our knowl-
edge, there are fewer studies on the predictive value of MGF
combined with LIMAV and LVEF in predicting cardiogenic
death after CABG.

Our study has some limitations. Firstly, our study is retro-
spective and the possibility of bias cannot be excluded. Sec-
ondly, all patients who died did not undergo further DSA or
computed tomographic angiography although other cardiac
diseases were excluded. Thirdly, the number of cases in our
study was small and a large number of cases are still needed
to confirm our conclusions. Fourthly, only LIMA was studied
in this study, but not right internal mammary artery (RIMA).
Fifthly, patients with both angina pectoris and obsolete myo-
cardial infarction were included. Obsolete myocardial infarc-
tion may affect the vascular bed of the myocardium and thus
the graft blood flow.

Conclusion

LIMAV measured by preoperative transthoracic ultrasound
combined with intraoperative MGF and LVEF may have a
greater value in predicting patients’ risk of cardiac death after
CABG.
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