[STANBUL
UNIVERSITY
PRESS

RESEARCH ARTICLE / ARASTIRMA MAKALESI
Journal of Advanced Research in Health Sciences /
Saglik Bilimlerinde ileri Arastirmalar Dergisi 2024
DOI: 10.26650/JARHS2024-1348992

CORONARY SLOW FLOW AND CHA, DS, -VASC-HSF SCORE IN

STABLE ISCHEMIC HEART DISEASE

STABIL ISKEMIK KALP HASTALIGINDA KORONER YAVAS AKIM VE

CHA, DS, -VASC-HSF SKORU

Pelin KARACA OZER'®, Mustafa Liitfi YAVUZ'®, Emre YALCIN'®, Elif AYDUK GOVDELI'®,

Mehmet AYDOGAN2®, Samim EMET*®, Ali ELITOK®

tistanbul University, istanbul Faculty of Medicine, Department of Cardiology, istanbul, Tiirkiye

2Bitlis Tatvan State Hospital, Bitlis, Turkiye

ORCID ID: P.K.O. 0000-0002-1085-5462; M.LY. 0000-0002-4082-7518; E.Y. 0000-0001-8686-2645; E.A.G. 0000-0002-6595-4812; M.A. 0000-0003-1342-

3590; S.E. 0000-0002-2806-4335; A.E. 0000-0002-0786-5096

Citation/Atf: Karaca Ozer P, Yavuz ML, Yalgin E, Ayduk Gévdeli E, Aydogan M, Emet S, et al. Coronary slow flow and CHA2DS2-VASc-HSF score in stable
ischemic heart disease. Journal of Advanced Research in Health Sciences 2024;7(1):1-7. https://doi.org/10.26650/JARHS2024-1348992

ABSTRACT

Objective: The coronary slow flow phenomenon (CSFP) and its causes are
still not fully explained. We investigated the functionality and usefulness
of the CHADS;-VASc-HSF score in the diagnosis of CSFP in stable ischemic
heart disease.

Material and Methods: Patients with no obstructive coronary artery
disease (CAD) and CSFP detected as a result of coronary angiography were
included in the study. Patients with CSFP were compared with those
without. Coronary blood flow velocity was evaluated by calculating the
TIMI frame count (TFC) from coronary angiography images. In addition to
the traditional CHADS scores of the patients, the CHA7DS-VASc-HSF
score was also calculated.

Results: According to our study results, the CHA»DS;-VASc-HSF score was
higher in patients with CSFP than in those without (3.75+1.27 vs.
2.85%1.11; p<0.001). There was no difference between the CHADS; and
CHA;DS»-VASc scores of the two groups. In logistic regression models,
Hs-troponin-T and CHA,DS»-VASc-HSF scores were determined as
independent predictors of CSFP. CHA»DS»-VASc-HSF score and TFC were
positively correlated in the CSFP group (r=0.848, p<0.001). The sensitivity
of CHADS;-VASc-HSF was determined as 56%, the specificity was 74%,
and the cut-off value was 3.5 in detecting the presence of CSFP.
Conclusion: This study shows the association of CHA7DS;-VASc-HSF score
with CSFP, suggesting that it can be used to predict CSFP and its severity.
Keywords: CHA»DS»-VASc-HSF score, coronary slow flow, non-obstructive
coronary artery

oz

Amag: Koroner yavas akim fenomeni (KYA) ve nedenleri hala tam olarak
aciklanamamistir. Bu galismada stabil iskemik kalp hastaliginda KYA tani-
sinda CHADS;-VASc-HSF skorunun islevselligini ve kullanishhgr arastirildi.
Gereg ve Yontemler: Calismaya obstriiktif koroner arter hastaligi (KAH)
olmayan ve koroner anjiyografi sonucunda KYA saptanan hastalar dahil
edildi. KYA'll hastalar olmayanlarla karsilastirildi. Koroner kan akis hizi,
koroner anjiyografi gortintiilerinden TIMI kare sayisi (TFC) hesaplanarak
degerlendirildi. Hastalarin geleneksel CHADS skorlarina ek olarak
CHA7DS»-VASc-HSF skoru da hesaplandi.

Bulgular: KYA'll hastalar olmayan hastalara kiyasla daha yiiksek CHA»DS5-
VASc-HSF skoruna sahipti (3,75+1,27’ve karsi 2,85+1,11; p<0,001). iki
grubun CHADS; ve CHA;DS»-VASc skorlari arasinda fark yoktu. Lojistik
regresyon modellerinde, CHA;DS;-VASc-HSF skoru ve Hs-troponin-T,
KYA'nin bagimsiz belirleyicileriydi. CHA»DS-VASc-HSF skoru ve TFC, KYA
grubunda pozitif korelasyon gésterdi (r=0,848, p<0,001). CHA>DS,-VASc-
HSF’nin KYA'nin varligini tespit etmede duyarliigi %56, 6zgulligu %74,
kesme degeri ise 3,5 olarak belirlendi.

Sonug: Bu calisma CHA»DS»-VASc-HSF skorunun KYA ile iligkisini gostere-
rek KYA ve ciddiyetini tahmin etmek igin kullanilabilecegini distindirmek-
tedir.

Anahtar Kelimeler: CHA7DS»-VASc-HSF skoru, koroner yavas akim, obs-
triktif olmayan koroner arter
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INTRODUCTION

The delayed opacification observed in non-obstructive epicar-
dial coronary arteries is called the coronary slow flow pheno-
menon (CSFP) (1, 2). Most patients with CSFP usually describe
angina and are referred for coronary angiography. It is sug-
gested that endothelial dysfunction, microvascular disease, or
atherosclerosis may be among the causes of CSFP (3-5).

The traditional CHADS scores were created for atrial fibrillation
(AF) and they enable evaluation of the risk of thromboembo-
lism and the need for anticoagulant treatment (6). The parame-
ters of these scores are atherosclerosis risk factors. Although
these scores are used in clinical practice for atrial fibrillation,
they are useful in predicting CAD severity. It has also shown
that it may be useful in providing information about the prog-
nosis of acute coronary syndrome (7-9). The CHA2DS2-VASc-
HSF score was created by adding important CAD risk factors
such as the family history of CAD, smoking, and hyperlipidemia.
The gender category was also changed from female to male.
Previous studies have shown that CHADS scoring systems may
be useful in predicting both CAD severity (10, 11) and no-reflow
phenomenon (12). Moreover, the CHA2DS2-VASc-HSF score
was more predictive than other CHADS scores. Based on the
aforementioned studies, we hypothesized that this score may
be associated with CSFP.

MATERIALS and METHODS

Study population

This study included consecutive patients over 18 years of age
with CSFP who underwent elective coronary angiography (CA)
with suspicion of ischemic heart disease between April 2021
and July 2022. The CSFP group was compared with controls
with normal coronary flow based on CA. Non-invasive ische-
mia tests demonstrated that all patients had stable angina and
evidence of myocardial ischemia.

Patients with one of the following were excluded: acute co-
ronary syndromes; presence of obstructive CAD; prior coro-
nary intervention. The Declaration of Helsinki was complied
with in our study. The study was approved by the Clinical Et-
hics Committee of Istanbul University, Istanbul Faculty of Me-
dicine (Date: 21.10.2022, No:19). An informed consent was
not obtained from the study group because the design was
retrospective.

Calculation of CHADS Scores

Clinical and demographic characteristics, echocardiographic
and laboratory data on all patients, were obtained from the
patients’ medical records.

The CHADS?2 score: Congestive heart failure (C)=1 point; Hyper-
tension (HTN)=1 point; Age (A)=1 point; Diabetes (DM)=1 point;
Stroke (S)=2 points. The maximum score is 6.

The CHA2DS2-VASc score adds to the CHADS2 score: Vascular
disease (V)=1 point; Age 65 to 74 years (A)=1 point; female
gender (Sc)=1 point; age>75 years (A2)=2 points. The maxi-
mum score is 9.

The CHA2DS2-VASc-HSF score includes Hyperlipidemia (H)=1
point; Smoking (S)=1 point; Family history (F), and male gen-
der (Sc)=1 point; in addition to the CHA2DS2-VASc score. The
maximum score is 12.

TIMI frame count measurement

Two independent cardiologists evaluated coronary angiograms
retrospectively. Coronary arteries with <50% stenosis were de-
fined as non-obstructive. Thrombolysis in Myocardial Infarction
(TIMI) Frame Count (TFC) was calculated by the following tech-
nique: The frame count in the left anterior descending coronary
artery (LAD) was divided by 1.7 (corrected LAD). The mean TFC
was the average of the left circumflex, right coronary, and cor-
rected LAD values. The mean TFC >27 was considered CSFP (2).

Statistical analysis

Statistical Package 26.0 for Windows (IBM SPSS Corp., Armonk,
NY, USA) was used for statistical analysis. To prevent selection
bias, propensity score matching was performed to inverse pro-
bability weight the sample which underwent chart review for
co-morbidities. The normality of data was analyzed with the
Kolmogorov-Smirnov test. A Mann-Whitney U test was used to
compare unpaired samples. Differences in categorical variab-
les between groups were evaluated with the Chi-square test.
Pearson or Spearman analysis was used to evaluate correlati-
ons. Logistic regression analysis was performed to determine
the predictors of CSFP. Results were expressed as relative risk
and 95% confidence interval. Receiver operating characteristic
analysis was performed for the cutoff value of the score. Signi-
ficance was defined as two-sided p<0.05.

RESULTS

In the present study, 68 consecutive CSFP patients who under-
went coronary angiography and did not have obstructive CAD
were compared with consecutive controls with normal coro-
nary flow. Gender, age, and body mass index were not different
between the two groups. Among the clinical features, smoking,
hyperlipidemia, and family history of CAD were more common
in the CSFP group than in the normal flow group (p=0.035,
p=0.009, p=0.022, respectively). In addition to the diagnosis of
hyperlipidemia, the diagnosis of hypertriglyceridemia (defined
as triglyceride level >150 mg/dL) was more common in the
CSFP group (p=0.004). While HTN was more common (59% vs.
47%) and BMI was higher (28.13+3.80 vs. 26.69+3.23 kg/m?)
in the CSFP group, the difference was not significant. Among
the laboratory parameters, D-dimer, Hs-troponin-T (HsTn-T),
hemoglobin, leukocytes, monocytes, and the monocytes/HDL
ratio were higher in the CSFP group than in the normal flow
group (p=0.002, p<0.001, p=0.028, p=0.033, p=0.023, p=0.027,
respectively). The CHA2DS2-VASc-HSF score was found to be
significantly lower in patients with normal flow than in patients
with CSFP (2.85+1.11 vs. 3.75+1.27; p<0.001). CHA2DS2 and
CHA2DS2-VASc were not different between groups (Table 1).

CSFP was most common in the LAD artery (41%), followed by
the RCA artery (30%). The incidence of ectasia and tortuosity in
the coronary arteries was higher in the CSFP group than in the
normal flow group (p=0.012, p=0.028, respectively) (Table 2).v
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Table 1: Comparison of patients with slow coronary flow and normal flow

Total patients Patients with Patients with slow

Variables (n=136) normal flow (n=68) flow (n=68) p-value
Demographic/clinical parameters
Age (years) 57.10+11.1 56.91+10.8 57.29+11.5 0.842
Gender

Male, n (%) 92 (67.6) 45 (66) 47 (69) 0.714

Female, n (%) 44 (32.4) 23 (34) 21 (31)
Body mass index (kg/m?) 27.7743.7 26.6913.23 28.13+3.80 0.096
Hypertension, n (%) 72 (52.9) 32 (47) 40 (59) 0.168
Diabetes mellitus, n (%) 42 (30.9) 18 (13.2) 24 (17.6) 0.265
Congestive heart failure, n (%) 14 (10.3) 6(4.4) 8(5.9) 0.573
Stroke/TIA, n (%) 6(4.4) 2(1.5) 4(2.9) 0.680
Smoking, n (%) 54 (39.7) 21(15.4) 33(24.3) 0.035*
Hyperlipidemia, n (%) 59 (43.4) 22 (16.2) 37(27.2) 0.009*
Hypertriglyceridemia, n (%) 65 (47.8) 24 (17.6) 41 (30.1) 0.004*
Family history, n (%) 53 (39) 20 (14.7) 33(24.3) 0.022*
AF, n (%) 18 (13.2) 6(4.4) 12 (8.8) 0.129
Chronic kidney disease, n (%) 11(8.1) 8(5.9) 3(2.2) 0.116
Malignancy, n (%) 4(2.9) 3(2.2) 1(0.7) 0.310
Laboratory parameters
Creatinine (mg/dl) 0.85 (0.5-13.6) 0.8 (0.5-13.6) 0.88(0.5-7.7) 0.974
Total cholesterol (mg/dL) 194.59+41.9 192.72+43.1 196.89+40.7 0.332
High density lipoprotein (mg/dL) 43.0+11.7 43.39+11 42.62+12.3 0.405
Low density lipoprotein (mg/dL) 121.36+35.3 117.34431.8 125.32438.2 0.189
Triglyceride (mg/dL) 160.25+79.1 158.40+93.9 162.08+61.9 0.191
C-reactive protein (mg/L) 2.4 (0.2-69) 2.25 (0.25-69) 3.8 (0.2-39) 0.159
D-dimer (ug/L) 546.78+341.6 474.41+341.9 619.141+328.8 0.002*
Hemoglobin (gr/L) 13.32+1.7 13.01+1.6 13.63%1.6 0.028*
WBC (10%pL) 7.24+1.7 6.95+1.8 7.54+1.7 0.033*
Neutrophile (10¥pL) 4.39+1.4 4.36+1.3 4.42+1.4 0.848
Lymphocyte (10%/pL) 2.18+0.7 2.11+0.8 2.23+0.6 0.135
Monocyte (10¥pL) 0.58+0.2 0.55+0.2 0.62+0.2 0.023*
Platelet (10%pL) 240.65+67.86 235.54+73.7 245.75+61.7 0.382
HbA C (%) 6.46+2.4 6.32+2.6 6.65+2.2 0.394
AST (U/L) 21.09%13.5 20.78+12.3 21.38+14.6 0.630
ALT (U/L) 19 (2.7-128) 18 (4-128) 19.5 (2.7-87) 0.482
Uric acid (mg/dL) 5.68+1.7 5.63+1.8 5.73+1.7 0.534
Hs-troponin-T (pg/mL) 3.5(3-193) 3(3-25) 10(3-193) <0.001*
Pro-BNP (pg/mL) 135.5 (20-5406) 139 (20-2615) 133 (20-5406) 0.825
Monocyte/HDL-C ratio 14 (4-34) 13 (4-29) 15 (4-34) 0.027*
Scores
CHADS, score 1(0-4) 1(0-3) 1(0-4) 0.233
CHA,DS -VASc score 1(0-5) 1(0-4) 1(0-5) 0.566
CHA,DS,-VASc-HSF score 3(1-7) 3(1-5) 4(1-7) <0.001%*

AF: Atrial fibrillation; hs-troponin-T: Highly sensitive troponin-T, HbA C: Glycated hemoglobin, AST: Aspartate aminotransferase,
ALT: Alanine transaminase, pro-BNP: Pro brain natriuretic peptide, *: p<0.05
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Table 2: Coronary angiographic features of the study group

. Patients with Patients with
. Total patients
Variables (n=136) normal flow slow flow p-value
; (n=68) (n=68)

Slow flow vessel, n (%)

Left main 14 (10.3) - 14 (10.3) -
Left anterior descending 56 (41.2) - 56 (41.2) -
Left circumflex 38 (27.9) - 38 (27.9) -
Right 41 (30.1) - 41(30.1) -
Coronary Ectasia, n (%) 23 (16.9) 6 (4.4) 17 (12.5) 0.012*
Coronary Tortuosity, n (%) 11 (8.1) 2(1.5) 9 (6.6) 0.028*

*: p<0.05

Table 3: Correlation of TIMI frame count with laboratory parameters, age, and scores
in the coronary slow flow phenomenon group

Variable R p-value
Age 0.214 0.080
Total cholesterol 0.017 0.909
HDL -0.094 0.445
LDL 0.164 0.182
Triglyceride 0.392 0.001*
CRP -0.022 0.868
D-dimer 0.037 0.797
Hemoglobin 0.057 0.642
WBC 0.113 0.357
Neutrophile 0.129 0.354
TIMI frame count Lymphocyte 0.087 0.534
Monocyte 0.091 0.460
Platelet -0.004 0.971
HbA c 0.289 0.152
AST -0.095 0.488
ALT 0.035 0.799
Uric acid -0.006 0.962
Hs-troponin-T 0.165 0.291
Pro-BNP 0.050 0.724
CHADS, score 0.523 <0.001*
CHA,DS -VASc score 0.424 <0.001*

CHA,DS,-VASc-HSF
score

0.848 <0.001*

Hs-troponin-T: Highly sensitive troponin-T, HbA C: Glycated hemoglobin, AST: Aspartate aminotransferase,
ALT: alanine transaminase, pro-BNP: Pro brain natriuretic peptide, TIMI: Thrombolysis in myocardial infarction,
*p<0.05, R: Correlation coefficient

In the Pearson correlation analysis, the CHA2DS2-VASc-HSF r=0.523; respectively). The correlation analysis of TFC, including
score showed a stronger correlation with TFC than CHADS2 laboratory parameters, age, and scores in the CSFP group, is pre-
and CHA2DS2-VASc scores in the CSFP group (r=0.848, r=0.424, sented in Table 3.
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Table 4: Multivariate regression analyses to predict slow
flow phenomenon

4A

OR 95% CI p-value
Tortuosity 11.131 0.607-204.158 0.104
CHA2DS2-VASc-HSF 1.798 1.062-3.045 0.029*
score
Pro-BNP 0.999 0.998-1.001 0.467
Hs-troponin-T 1.113 1.006-1.231 0.037*
4B

OR 95% ClI p-value
Ectasia 4.000 0.395-40.549 0.241
CHA2DS2-VASc-HSF 1.731 1.039-2.884 0.035*
score
Pro-BNP 1.000 0.999-1.001 0.920
Hs-troponin-T 1.100 1.001-1.208 0.047*

Hs-troponin-T: Highly sensitive troponin-T, pro-BNP: Pro brain natriuretic
peptide, OR: Odds ratio, Cl: Confidence interval, *p<0.05

ROC Curve

08

06

Sensitivity

04

0,0 02 04 06 08 10
1 - Specificity

Diagonal segments are produced by ties.

Figure 1: ROC curve analysis demonstrating the prediction of
CSFP by the CHA2DS2-VASc-HSF score

The parameters affecting CSFP were evaluated by including cli-
nic-demographic characteristics, laboratory parameters, and
CHADS scores in logistic regression analyses. Although the in-
cidence of ectasia and tortuosity in the coronary arteries was
higher in the CSFP group than in the normal flow group, in reg-
ression models in which coronary ectasia and tortuosity were
added, HsTn-T and CHA2DS2-VASc-HSF score were determi-

ned as independent predictors of CSFP (Table 4A and 4B). The
sensitivity of CHA2DS2-VASc-HSF was determined as 56%, the
specificity was 74%, and the cut-off value was 3.5 in detecting
the presence of CSFP (AUC: 0.70, 95% Cl 0.61-0.78; p<0.001)
(Figure 1).

DISCUSSION

We investigated the possible relationship between CHA2DS2-
VASc-HSF scores and CSFP in patients who did not have obstruc-
tive CAD via elective CA. The results showed that the CHA2DS2-
VASc-HSF score was higher in CSFP patients. TCF was correlated
with the CHA2DS2-VASc-HSF score in patients with CSFP. The
CHA2DS2-VASc-HSF score had sufficient cut-off value to distin-
guish individuals with CSFP. So far, there is no study showing the
relationship of CHA2DS2-VASc-HSF score with CSFP in patients
with chronic coronary syndrome.

CSFP is defined by the delay of contrast agent in the coronary
artery during CA. Although its frequency varies in the literature,
it has been reported as 1-7% (13). While patients with CSFP
may be asymptomatic, they may present with stable angina
pectoris, myocardial infarction, and even sudden cardiac death
(14, 15). It is thought that atherosclerosis, microvascular disea-
se, or endothelial dysfunction may play a role in the pathoph-
ysiology of this phenomenon (3, 4, 16). However, it is still not
fully explained. Regardless of the cause, patients with CSFP are
at high risk for cardiovascular events and often experience poor
clinical outcomes (17). In our study, we found a statistically
significant increase in HsTn-T in CSFP patients with stable ische-
mic heart disease. Also, HsTn-T was an independent predictor
of CSFP. CSFP may reflect impaired coronary vasomotor reflex
and cause myocardial injury in patients at rest. The patients
with CSFP may not respond adequately to situations requiring
high coronary flow demands (18). The poor prognostic results
in CSPF may be explained by this. However, our study is not a
follow-up study. Larger follow-up studies are needed to evalu-
ate the prognosis of patients.

The CHA2DS2-VASc scoring system is recommended by the
guidelines to evaluate stroke risk in patients with AF (19). DM,
age, and HTN, which are the components of this score, are the
main risk factors for CAD. Based on this, it has been shown
that the CHA2DS2-VASc score can be an indicator of CAD and
CAD severity (10, 11). In addition, male gender, hyperlipidemia,
smoking, and family history, which are considered other major
risk factors for the development of CAD, are among the factors
that comprise the CHA2DS2-VASc-HSF score.

Modi et al. showed that CHADS scores were significantly asso-
ciated with the Gensini score and that the CHA2DS2-VASc-HSF
score was superior to other scores in predicting CAD severity
with a cut-off value >3. A recent study showed that the new
CHA2DS2-VASc-HSF score with a cut-off point of 24 predicted
the no-reflow phenomenon in STEMI patients and was superi-
or to the other two scores (12). Most patients with CAD have
more than one atherosclerosis risk factor. The combination of
these multiple risk factors increases the risk and severity of
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CAD. Thus, the fact that the CHA2DS2-VASc-HSF score includes
more risk factors may explain its better predictive value com-
pared to other scores.

The pathophysiology of CSFP is not completely clear. Some stu-
dies investigating the mechanisms underlying CSFP have sug-
gested that one or more of the definitive risk factors for CAD
may play a role in its development. Studies have shown that
HTN (20-23), obesity (23-25), or smoking (22, 26) are mainly
responsible for CSFP, while male gender (23, 27, 28), family his-
tory of CAD (27), and hyperlipidemia (22,29) were also shown
to be risk factors. In contrast to studies in which obesity was
blamed, another study showed that low BMlI is a predictor of
CSFP (21). It has also been reported that patients with CSFP
have higher triglyceride levels (27, 28, 30) or lower HDL levels
(21). In our study, smoking, hyperlipidemia, and family history
of CAD were more common in patients with CSFP than in the
normal flow group. In addition to hyperlipidemia, hypertrigl-
yceridemia was more common in the CSFP group.

The implementation of CHA2DS2-VASc-HSF risk scoring by
physicians does not require additional cost in routine practice
and is quite easy. The results of this study support that it can
be used as a predictive score in the diagnosis of CSFP.

This study has many limitations. To list the most important, it
was a single-center study and the number of patients analyzed
was small. As the study design was retrospective, data are ba-
sed on a review of patients’ previous clinical histories. This may
affect the calculation of scores and there is a possibility of bias.

CONCLUSION

The CHA2DS2-VASc-HSF score can be calculated easily and used
in clinical practice to predict patients at risk for CSFP. Larger
and prospective studies are needed to support the results of
our study.
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