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ABSTRACT

Introduction: Left internal mammary artery (LIMA) 
grafts should be used in patients undergoing CABG. No 
other procedure results in patency equivalent to that of the 
left anterior descending coronary artery (LAD)–LIMA bypass 
graft. The CHA2DS2-Vasc-HS scoring system can be used to 
successfully predict CAD severity in stable CAD patients. We 
aimed to investigate the relationship between LIMA flow and 
the CHA2DS2-Vasc-HS score.

Methods: A total of 684 patients, who underwent CABG 
surgery, were included in this study. Previous history of 
bypass surgery, emergency operations, patients with Leriche 
syndrome and patients with severe obstructive pulmonary 
and subclavian artery disease were excluded from our study. 
Patients with a LIMA flow that was suitable for bypass graft-
ing, as determined during the intraoperative evaluation, were 
included in the low LIMA flow group, and the CHA2DS2-
Vasc-HS score was calculated for all patients.

Results: Patients in the low LIMA flow group (Group 
1) were older. The CHA2DS2-Vasc-HS score (P < 0.001),
presence of mild or moderate COPD (P = 0.022), number of
severely diseased vessels (P = 0.036), and BMI (P < 0.001) were
independent predictors of poor LIMA flow. The cutoff value
of the CHA2DS2-VASc-HS score for the prediction of poor
LIMA flow was >5.5, with a sensitivity of 92.9% and specific-
ity of 83.4% (AUC: 0.938, 95% Cl: 0.906 – 0.970, P < 0.001).

Conclusion: A preoperative high CHA2DS2-Vasc-HS 
score can be used to predict low intraoperative LIMA flow. 
The CHA2DS2-Vasc-HS score is an easy-to-use and reliable 

estimation method and can be used as an additional preop-
erative of LIMA flow in patients undergoing CABG due to 
severe CAD.

INTRODUCTION

Coronary artery bypass grafting (CABG) is the mainstay 
revascularization option in obstructive coronary artery dis-
ease (CAD) patients, especially patients with moderate-high 
syntax scores, multivessel CAD, and diabetes mellitus (DM) 
[Neumann 2019]. Conduit selection is the most important 
aspect of CABG surgery, and the ability to use the left internal 
mammary artery (LIMA) for left anterior descending artery 
(LAD) revascularization is the key determinant of positive 
outcomes [Cohn 2001]. Many studies have shown that the 
LIMA conduit is superior to other arterial and venous con-
duits due to its anatomical, structural and physical properties, 
such as rich endothelial nitric oxide synthase activity, fewer 
endothelial fenestrations, and lower atherosclerotic burden 
[Otsuka 2013; He 2011]. Despite these important advan-
tages, risk factors, including lipoprotein levels, DM, smoking 
habit and advanced age, have been shown to negatively affect 
LIMA flow and long-term graft patency [Harskamp 2016].

Despite the advantages of medical and interventional ther-
apy options, atherosclerotic cardiovascular disease remains an 
unsolved problem in daily medical practice. DM, hyperten-
sion (HT), hyperlipidemia (HPL), male sex, smoking habit 
and sedentary lifestyle have been identified as major risk fac-
tors for atherosclerotic cardiovascular disease [Perk 2012]. 
We previously described the CHA2DS2-Vasc-HS [(Con-
gestive heart failure (C), HT (H), Age ≥75 years (A2), DM 
(D), and Stroke history or TIA (S2), Vascular disease (V), 
Age 65–74 years (A), and Male gender (as the Sex category), 
Hyperlipidemia (H), and Smoking (S)] score, and this scor-
ing system was found to successfully predict CAD sever-
ity in stable CAD patients [Cetin 2014]. Studies also have 
shown that the CHA2DS2-Vasc-HS scoring system could 
be used to predict major cardiovascular events in hospital-
ized acute coronary syndrome patients and in patients with 

The Heart Surgery Forum 2021-3837 
24 (4), 2021 [Epub July 2021] 
doi: 10.1532/hsf.3837

A New Current to The Armamentarium: Is the CHA2DS2-Vasc-HS Score 
Predictive of Low Left Internal Mammary Artery (LIMA) Flow in Patients 
Underwent Coronary Bypass Surgery?

Nihat Söylemez,1 Mehmet Ballı,1 Fatma Köksal,1 Mahmut Yılmaz,1 Fazilet Ertürk Sağ,1 Esra Ertürk Tekin,2

Mehmet Ali Yeşiltaş,3 Özden Vezir,2 Bahar Aydınlı,4 Buğra Özkan5

1Department of Cardiology, Mersin City Training and Research Hospital, Mersin, Turkey; 
2Department of Cardiovascular Surgery, Mersin City Training and Research Hospital, Mersin, Turkey; 
3Department of Cardiovascular Surgery, Bakırköy Dr. Sadi Konuk Training and Research Hospital, İstanbul, Turkey;
4Department of Anesthesia and Reanimation, Mersin City Training and Research Hospital, Mersin, Turkey; 
5Cardiology Clinic, Mersin University Medicine Faculty Mersin, Turkey

Received March 28, 2021; accepted May 10, 2021.

Correspondence: Mehmet Ali YESİLTAS, Consultant, Department of 
Cardiovascular Surgery, S.B.Ü.Bakırköy Dr.Sadi Konuk E.A.H., Zuhuratbaba 
Mah. Dr.Tevfik Sağlam Cad., No: 11, Telephone +90 212- 4147171, Fax +90 
(212) 414 64 94 (e-mail: dr.maliyes@gmail.com).

Online address: http://journal.hsforum.com



The Heart Surgery Forum #2021-3837

E632

stent restenosis [Zhao 2019; Tasolar 2016]. In addition to 
these patient groups, patients who undergo CABG and are 
scheduled to undergo LAD revascularization using the LIMA 
are other important groups. The identification of relatively 
high-risk subgroups of CABG patients may be an appropriate 
approach regarding low LIMA flow status. To our knowledge, 
no preoperative noninvasive LIMA flow assessment methods 
have been described. Therefore, we aimed to investigate the 
relationship between LIMA flow status and the CHA2DS2-
Vasc-HS score in the perioperative period.

MATERIALS AND METHODS

Between January 2019 and June 2020, 684 patients who 
underwent first-time CABG surgery were included in this 
study. Clinical, demographic and operative data, such as age, 
sex, DM, HT, HL, smoking status, heart failure (HF), history 
of ischemic stroke or transient ischemic attack (TIA), and his-
tory of peripheral artery disease (PAD), were obtained from 
patients’ files and hospital databases. Patients who underwent 
emergency CABG surgery, had been diagnosed with acute 
coronary syndrome in the past two weeks, were scheduled for 
additional valve or aortic surgery and had undergone previ-
ous thoracic surgery were excluded from our study. We also 
excluded patients with hemodynamic instability, Leriche syn-
drome, severe obstructive pulmonary and subclavian artery 
disease, morbid obesity (body mass index > 40 kg/m2) and a 
history of radiotherapy to the thoracic region. Informed con-
sent was obtained from all patients, and the study also was 
approved by our local ethics committee.

In our clinics, all coronary angiography procedures are 
performed by experienced invasive cardiologists and evalu-
ated by a cardiac team composed of at least two cardiolo-
gists and cardiac surgeons. After these evaluations, treatment 
options, such as medical treatments, percutaneous coronary 
intervention or CABG surgery, are taken into consideration 
based on the patient’s cardiac and extracardiac character-
istics and preferences [Duncan 2011]. In the present study, 
all CABG surgery decisions were made by the cardiac team, 
according to the relevant guidelines based on patient charac-
teristics. Smoking was defined as previously described. The 
presence of any degree of PAD and carotid, vertebral, and 
subclavian artery disease were accepted as vascular disease 
and scored. Severe PAD was diagnosed by duplex sonogram 
and was defined as >50% stenosis in the noncoronary arterial 
systems, such as the carotid vertebral and subclavian arteries. 
A history of stroke or TIA was obtained from patient records 
and included in the score calculations. LVEF was calculated 
using the modified Simpson method, and HF was defined 
as impaired left ventricular ejection fraction (LVEF <40%) 
(M1). HT, HPL, and DM were defined according to current 
standards [Grundy 2004; Williams 2018]. The CHA2DS2-
Vasc-HS score was evaluated by two experienced cardiolo-
gists, who were blinded to the study design. The CHA2DS2-
Vasc-HS score was calculated by giving one point each for 
the presence of HF, HT, DM, vascular disease, age 65–74 
years, male sex (as a sex category), HL, and smoking (S) and 

by adding two points for a history of stroke or TIA and age 
≥75 years.

Perioperative management of the study patients was per-
formed by experienced anesthetists, surgeons, and cardiolo-
gists. After general anesthesia and intubation, standardized 
median sternotomy was performed on all patients. Because the 
use of the LIMA was the preferred method for LAD revascu-
larization in our clinic, LIMA harvesting was performed on 
all CABG patients according as previously described [Cheng 
2015]. Patients whose LIMAs were surgically injured during 
LIMA harvesting (dissection, crush, etc.) also were excluded 
from our study. Although suitable LIMA harvesting meth-
ods and medical interventions, such as topical papaverine 
administration, were employed, if our surgeons intraopera-
tively decided that the LIMA had a low flow, saphenous vein 
graft (SVG) to LAD revascularization was performed. These 
patients were included in the low LIMA flow group (Group 1).

Statistics: All analyses were performed using SPSS version 
21.0 for Windows (SPSS Inc., Chicago, IL, USA). Numeri-
cal variables are presented as means ± St. deviations, and 
nominal variables are presented as percentages. All variables 
were subjected to the Kolmogorov–Smirnov test to deter-
mine whether they were normally distributed. The inde-
pendent samples t-test or Mann-Whitney U test was used to 
compare the values of continuous variables between the two 
groups. To evaluate the effects of factors on low LIMA flow, 
we performed multivariate logistic regression analyses. The 
model was adjusted using various candidate factors, such as 
ACE usage, statin usage, number of grafted vessels, concomi-
tant valve disorders, body surface area, presence of AF and 
CHA2DS2-Vasc-HS score. A receiver operator characteris-
tic (ROC) curve was constructed to determine the predictive 
value of the CHA2DS2-Vasc-HS score for low LIMA flow. 
Coefficients with 95% confidence intervals (CIs) are pre-
sented. A P-value <0.05 was considered significant.

RESULTS

A total of 684 patients, who underwent CABG surgery, 
were included in our study, and patients were divided into two 
groups, according to LIMA flow status (Group 1: low LIMA 
flow, N = 28 and Group 2: adequate LIMA flow, N = 656). 
Patients with low LIMA flow were older. The low LIMA 
flow group also had higher proportions of patients with HPL, 
smoking, PAD, stroke history, HF, and COPD (P < 0.001 for 
all). When we evaluated past medical history, ACEI usage was 
more common and statin usage was less common in group 
1 (P = 0.029 and P = 0.026, respectively). The use of other 
medical therapies, such as beta-blockers (BBs) and calcium 
channel blockers (CCBs), were found to be similar between 
the two groups. Because patients with severe valve disorders 
were excluded from our study, we compared mild or moderate 
aortic and mitral valve disorders between the two groups, and 
we found no difference between the two groups. We also eval-
uated patients’ operative characteristics, and the number of 
severely diseased vessels, proportion of patients with SVG to 
diagonal branch revascularization and proportion of patients 
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with SVG to RCA revascularization were higher in the low 
LIMA flow group (P < 0.001, P < 0.001 and P = 0.002, respec-
tively). In the present study, CHA2DS2-Vasc-HS scores were 
calculated by two experienced cardiologists who were blinded 
to the study design. Inter- and intraobserver variations for the 
scoring system were found to be 2.9% and 3.1%, respectively. 

CHA2DS2-Vasc-HS scores were compared between the two 
groups, and Group 1 patients had higher CHA2DS2-Vasc-
HS scores than Group 2 patients (P < 0.001). Other clinical 
and laboratory characteristics of the study groups are shown 
in Table 1. (Table 1)

To determine the predictors of low LIMA flow status, 

Table 1. Clinical, demographic and operative characteristics of patient groups, according to LIMA flow

Variables Group 1 (Low LIMA Flow) (N = 28, 4.09%) Group 2 (Adequate LIMA Flow) (N = 656, 95.9%) P-value

Age, years 68.7 ± 11.9 58.5 ± 8.4 <0.001

Sex (male), n (%) 20 (71.4) 498 (75.9) 0.588

HT, n (%) 19 (67.9) 322 (49.1) 0.052

DM, n (%) 21 (75.0) 303 (46.2) 0.003

HPL, n (%) 28 (100.0) 421 (64.2) <0.001

Smoking, n (%) 19 (67.9) 149 (22.7) <0.001

PAD, n (%) 14 (50.0) 78 (11.9) <0.001

Stroke, n (%) 12 (42.9) 15 (2.3) <0.001

HF, n (%) 20 (71.4) 171 (26.1) <0.001

COPD, n (%) 11 (39.3) 29 (4.4) <0.001

Mild/Moderate MVD, n (%) 8 (28.6) 125 (19.1) 0.213

Mild/Moderate AVD, n (%) 5 (17.9) 112 (17.1) 0.914

Ao-Svg-Lcx, n (%) 27 (96.4) 562 (85.7) 0.107

Ao-Svg-Diagonal, n (%) 28 (100.0) 264 (40.2) <0.001

Ao-Svg-RCA, n (%) 26 (92.9) 420 (64.0) 0.002

BB, n (%) 18 (64.3) 436 (66.5) 0.812

ACEI, n (%) 16 (57.1) 241 (36.7) 0.029

CCB, n (%) 5 (17.9) 106 (16.2) 0.812

Statins, n (%) 14 (50.0) 458 (69.8) 0.026

Fibrats, n (%) 7 (25.0) 97 (14.8) 0.141

LVEF, % mean±st.dev 40.6 ± 9.0 48.0 ±  9.3 <0.001

Glucose (mg/dL) mean±st.dev 174.1 ± 63.1 162.8 ± 57.9 0.317

LDL (mg/dL) mean±st.dev 140.3 ± 39.1 118.0 ± 30.0 <0.001

TG (mg/dL) mean±st.dev 206.3 ± 102.1 276.6 ± 83.4 <0.001

Creatinine (mg/dL) mean±st.dev 1.1 ± 0.6 1.1 ± 0.4 0.792

WBC (× 106) mean±st.dev 7.8 ± 1.9 7.9 ± 1.9 0.768

Hemoglobin (mg/dL) mean±st.dev 12.2 ± 1.1 12.0 ± 1.4 0.448

Platelet count (× 106) 296.2 ± 81.2 273.9 ± 103.3 0.260

CHA2DS2-Vasc-HS score mean±st.dev 7.9 ± 1.7 3.1 ± 2.1 <0.001

BMI kg/m2 30.8 ± 7.2 28.2 ± 5.7 0.024

AF, n (%) 4 (14.3) 80 (12.2) 0.742

Number of diseased vessels mean±st.dev 3.8  ± 0.3 2.8  ± 0.7 <0.001

HT, hypertension; DM, diabetes mellitus; HPL, hyperlipidemia; PAD, peripheral artery disease; HF, heart failure; COPD, chronic obstructive pulmonary disease; 
MVD, mitral valve disease; AVD, aortic valve disease; Ao, aorta; Svg, saphenous vein graft; Lcx, left circumflex artery; RCA, right coronary artery; BB, beta 
blocker; ACEI, angiotensin-converting enzyme inhibitor; CCB, calcium channel blocker; LVEF, left ventricular ejection fraction; LDL, low-density lipoprotein; TG, 
triglyceride; WBC, white blood cell; BMI, body mass index; AF, atrial fibrillation
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multivariate regression analyses were performed using a fully 
adjusted model, including candidate factors (such as COPD, 
operative characteristics, BMI, presence of AF, and ACEI and 
statin usage) that could contribute to poor LIMA flow. Other 
probable candidate factors that represented the CHA2DS2-
Vasc-HS scoring system were not included separately in this 
analysis. The CHA2DS2-Vasc-HS score (P < 0.001), presence 
of mild or moderate COPD (P = 0.022), number of severely 
diseased vessels (P = 0.036), and BMI (P < 0.001) were inde-
pendent predictors of low LIMA flow. We also found that the 
lack of the use of statins independently predicted low LIMA 
flow. (Table 2) To detect the optimal cutoff value for the 
CHA2DS2-VASc-HS score, an ROC curve was constructed. 
The cutoff value of the CHA2DS2-VASc-HS score for the 
prediction of low LIMA flow was >5.5, with a sensitivity of 
92.9% and specificity of 83.4% (AUC: 0.938, 95% CI: 0.906 
– 0.970, P < 0.001). (Figure 1)

DISCUSSION

Our study is the first to evaluate the relationship between 
the CHA2DS2-Vasc-HS score and low LIMA flow in patients 
undergoing CABG. We found that a higher CHA2DS2-Vasc-
HS score predicted a low intraoperative LIMA flow. In addi-
tion to this scoring system, our study showed that the number 
of grafted vessels, presence of COPD, and higher BMI inde-
pendently predicted perioperative low LIMA flow. We also 
found that statin use had a positive impact on the LIMA flow. 
As the preferred conduit option, LIMA has been used for 
LAD grafting for many years, and it is well known that LIMA 
grafts are more durable and have higher patency rates than 
other conduit options in patients with diffuse coronary artery 
disease [Haberal 2015]. In our study, LAD to LIMA grafting 
was not performed in 28 (4.09%) patients who underwent the 
CABG procedure due to low LIMA flow.

Although there has been an increasing trend in the use of 
LIMA for LAD revascularization in recent years, studies have 
reported variable LIMA use rates. Karthik et al. showed that 
8.2% of patients, who underwent CABG, did not undergo 
LIMA to LAD revascularization, and they also found that 
elderly patients; patients with DM, HF, COPD, poor LIMA 
flow, and a history of stroke; patients undergoing additional 
valve surgery; and patients needing emergency surgery were 

at high risk for LIMA nonusage [Karthik 2004]. Similar to 
Karthik et al., we found that patients with DM, HF, stroke, 
and older age were at high risk for LIMA nonusage, and the 
CHA2DS2-Vasc-HS scoring system includes all of these 
parameters. In our study, the proportion of patients in whom 
LIMA could not be used, due to low flow, was relatively high. 
The smaller number of study patients and the definition of low 
LIMA flow based on the discretion of the surgeon in the peri-
operative period may help explain this difference. Previous 
revascularization guidelines recommended graft flow assess-
ment, using relatively objective tools, such as the mean graft 
flow and pulsatility index [Kolh 2010]. However, the optimal 
technique and cutoff values for these methods have not clearly 
been identified. Some operators recommended not using the 
LIMA if its flow is 20 <mL/min; however, others suggested 
using the LIMA if the pulsatility was suitable even if the flow 
was low [Honda 2015; Hata 2000]. Because of these debates 

Figure 1. ROC curve analysis of low LIMA flow and CHA2DS2-Vasc 
HS score. 

CHA2DS2-Vasc HS AUC SE 95% CI P Value

0.938 0.017 0.906 – 0.970 <0.001

Table 2. Predictors of low LIMA flow

Variables B OR 95% CI P-value

CHA2DS2-Vasc-HS 0.854 2.349 1.608-3.432 <0.001

Statins -1.658 0.191 0.056-0.650 0.008

BMI kg/m2 0.194 1.215 1.089-1.354 <0.001

Number of severely diseased vessels 1.578 4.843 1.109-21.158 0.036

COPD 1.383 3.986 1.219-13.034 0.022

COPD, chronic obstructive pulmonary disease; BMI, body mass index
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and technical and financial concerns, most low LIMA flow 
decisions are relatively subjective in daily practice, based on 
the opinion of the surgeons in the perioperative period.

The CHA2DS2-Vasc-HS scoring system includes most 
modifiable and nonmodifiable atherosclerotic risk factors, such 
as HT, age, DM, HPL, smoking, and PAD. Studies have shown 
that this scoring system can be used to predict CAD sever-
ity and complexity in patients with stable CAD and non-ST-
elevation acute coronary syndrome [Cetin 2014; Tasolar 2016]. 
(D3-4). Similar to these findings, our study results showed that 
patients with low LIMA flow had more severely diseased cor-
onary vessels and higher CHA2DS2-Vasc-HS scores. LIMA 
has higher endothelial nitric oxide synthase levels and is prone 
to less atherosclerosis [Otsuka 2013]. One study showed that 
patients with DM and CAD had subclinical endothelial changes 
in the LIMA even if the LIMA was free from gross athero-
sclerotic changes [Bahar 2020]. In addition, atherosclerosis is a 
common disorder that can affect the circulation in most arter-
ies, including the LIMA, and the relationship between athero-
sclerotic risk factors and endothelial dysfunction is well known. 
Therefore, subclinical endothelial dysfunction in patients with 
higher CHA2DS2-Vasc-HS scores might have been related to 
low LIMA flow in our study group.

In addition to the CHA2DS2-Vasc-HS score, a higher 
BMI and the presence of COPD were found to be predictors 
of low LIMA flow and the consequent decision not to use 
the LIMA. Similar to the present study, Leavitt et al. showed 
that obese patients were less likely to undergo revascular-
ization with the LIMA [Leavitt 1997]. However, they could 
not clearly explain this outcome. In our study, because our 
patients with higher BMI values were more likely to have 
other atherosclerotic risk factors, such as DM, HT, and HPL, 
these patients may be more affected by endothelial dysfunc-
tion, low-grade inflammation, and impaired LIMA flow 
[Grover-Páez 2009; Lambert 1996; Van Guilder 2006]. It 
is not surprising that the lack of the use of statins also was 
found to be an independent predictor of low LIMA flow and 
that the proportion of patients using statins was higher in the 
adequate LIMA flow group. Studies have shown that statin 
use decreases atherosclerotic plaque volume, increases plaque 
stability, and reduces the major cardiovascular event rate 
[Wojszel 2019]. As lipid-lowering agents, statins also have 
positive effects on endothelial function. In our study groups, 
the adequate LIMA flow status in group 2 could be the result 
of the positive anti-inflammatory effects of statins on endo-
thelial function [Davignon 2004; Oesterle 2017].

CONCLUSION

Patients who undergo CABG surgery due to severe CAD 
have more than one risk factor and comorbidities. There-
fore, simple risk prediction models, such as the CHA2DS2-
Vasc-HS score, may facilitate the achievement of optimal 
CABG procedure results. Based on the results of this study, 
a high CHA2DS2-Vasc-HS score can predict low LIMA 
flow. Therefore, objective assessments of LIMA flow may be 
needed either preoperatively or intraoperatively in patients 

with high CHA2DS2-Vasc-HS scores. Furthermore, because 
most of the parameters that have been included in the scoring 
system, such as HF, stroke, HPL and smoking, are modifi-
able risk factors, eliminating these factors in patients planning 
to undergo CABG who are at risk of low LIMA flow might 
also be reasonable. Despite these important results, our study 
has some limitations. First, our surgeons evaluated the LIMA 
flow subjectively, and we could not evaluate endothelial dys-
function due to the retrospective design. Second, the pres-
ent study was a single-center study, and the relatively small 
number of patients may have affected our results.
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