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Introduction

The MAPH score is a new score that combines mean platelet volume (MPV), hematocrit, and total
protein, which are markers of whole blood viscosity (WBV). We aimed to investigate the relationship
between the MAPH score and the coronary slow flow phenomenon (CSF).

A total of 201 patients were included in the study. 105 had CSF and 96 had normal coronary flow
(NCF). Coronary flow was measured by the Thrombolysis in Myocardial Infarction frame count
(TFC) method. The patients’ MPV, age, hematocrit, and total protein were recorded. High (HSR) and
low shear rates (LSR) were calculated, based on total protein and hematocrit values. Cut-off values for
CSF were determined using the Youden’s index, and the score was determined as 0 or 1 according to
the cut-off values. The sum of these scores was the MAPH score.

The mean age of the patients included in the study was 51.1+7.9 (n=201, 54.2% male). Hyperlipidemia,
DM, and HT rates of both groups were similar, but the mean age of the CSF group was higher (p=0.773;
p=0.549; p=0.848; p <0.001, respectively). Total protein, MPV,hematocrit, HSR and LSR were higher
in the CSF group (p< 0.001, for all values). Comparative receiver operating characteristic (ROC)
curve analysis showed that the performance of the MAPH score in predicting CSF is better than the
performance of these parameters separately.

A new score, the MAPH score, may be used to identify the presence of CSF
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MPYV, and age values, performed better than these parameters

The incidence of coronary slow flow phenomenon (CSF)
is 1-7% in patients undergoing coronary angiography for
anginal complaints [1, 2]. CSF is characterized by delayed,
opaque flow into the distal portion of normal epicardial
vessels in the absence of heart failure, connective tissue
disease, valvular heart disease, coronary spasm, and coronary
ectasia [3, 4]. Despite numerous studies in this field, the
underlying mechanism of CSF remains unclear. The main
factors suggested in the pathogenesis of CSF are endothelial
dysfunction [S], microvascular abnormalities [6], occult
atherosclerosis, and inflammation. Previous studies have
demonstrated a relationship of SCF with whole blood
viscosity, as calculated from total protein and hematocrit
values [7], and with mean platelet volume (MPV) [8] and
with age [9].

Abacioglu et al [10] demonstrated that the MAPH score,
computed with the combination of total protein, hematocrit,
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independently in identifying a high thrombus burden in
patients with ST elevation myocardial infarction (STEMI).
To our knowledge, no study has investigated the relationship
between the MAPH score and CSF. The MAPH score
includes those parameters that are considered as factors
responsible for CSF pathogenesis. Thus, the aim of this study
was to investigate the relationship between the MAPH score
and CSF.

Material and methods
Patient population

Approximately 2500 patients who underwent diagnostic
coronary angiography at our institution were retrospectively
screened to identify CSF patients for this observational,
case-controlled, and comparative study. The indication
for coronary angiography was the presence of typical
angina pectoris and equivalent symptoms or positive
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results of noninvasive stress tests to investigate myocardial
ischemia. For the study, 105 CSF patients and 96 control
patients with angiographically proven normal coronary
artery with normal coronary flow (NCF) were enrolled.
Patients were excluded if any of the following conditions
were present: CSF secondary to percutaneous coronary
angioplasty after myocardial infarction or coronary bypass
surgery, significant organic valvular heart disease, congestive
heart failure, congenital heart disease, atrial fibrillation,
hypo/hyperthyroidism, any collagen vascular disease, any
hematologic disease, any autoimmune and neoplastic
disease, chronic renal or hepatic insufficiency (aspartate
transaminase or alanine transaminase values more than
three times higher than normal), active infection, use of
anticoagulant drug.

Patients receiving antihypertensive treatment were
considered as hypertensive (HT), and the diagnosis of
hyperlipidemia was defined according to the criteria
of the European Society of Cardiology guidelines [11].
Diabetes mellitus (DM) was identified if the patient had
been diagnosed with diabetes and was taking antidiabetic
medications or if the patient, who was unaware of
their diabetes status, had high blood glucose according
to the American Diabetes Associations criteria [12].
Left ventricular ejection fraction was obtained from
echocardiographic recordings performed before coronary
angiography. The study was conducted in accordance with
the principles of the Helsinki Declaration, and the study
protocol was approved by the Ethics Committee of Harran
University Faculty of Medicine.

Cardiac catheterization and participant data

The coronary angiography procedure was performed
by the Judkins technique via the femoral or radial
route. Angiographic procedures were performed by
experienced cardiologists blinded to the study data and
design. The coronary frame count of all participants was
performed according to the Thrombolysis in Myocardial
Infarction (TIMI) frame count (TFC) calculation
described by Aciksari G et al. [13] The number of
frames obtained for each vessel was multiplied by
two since angiographic recordings are performed
at 15 frames/second in our clinic. Since the time taken
for opacification was longer due to the length of the LAD,
the TFC value calculated for the LAD was divided by 1.7
to obtain the correct TFC (c-TFC) value. As previously
reported, c-TFC threshold values were accepted as 36.2+
2.6 frames for the LAD artery, 22.2+4.1 frames for the Cx
artery, and 20.4£3.0 frames for the RCA artery [13]. CSF
was diagnosed in patients with a TFC greater than two
standard deviations (SD) above the specified thresholds
in any of the three vessels. The mean c-TFC value for
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the patient and control groups was obtained by dividing
the sum of the ¢-TFC values counted for the LAD, Cx,
and RCA arteries by three.

Analysis of hematologic and biochemical parameters

Routine biochemical and hematological data were
obtained from the records of the examinations performed
before coronary angiography. Hematocrit, total protein,
MPYV, CRP, serum albumin, lipid parameters, liver and
kidney function tests were analyzed using the appropriate
kit. Whole blood viscosity (WBV) was calculated
from hematocrit and total protein concentration using
the validated formula [14] for both low shear rate (LSR)
(0.5s-1) and high shear rate (HSR) (208 s-1). Cut-off values
for MPV, total protein, age, and hematocrit parameters for
high TCF were determined using the Youden index [15, 16].
Values higher than the cut-off value were accepted as 1 point,
and the MAPH score was calculated by summing the scores
between 0 and 1 that were obtained according to the cut-off
values determined for each variable.

Statistical Analysis

The Kolmogorov-Smirnov test was used to determine
the normality of data distributions. Normally distributed,
continuous variables are shown as mean+SD. For normally
distributed data, the significance of differences between
group means was determined by Student’s t-tests. For non-
normally distributed data, the Kruskal-Wallis test was used.
Categorical data are presented as numbers and percentages.
Chi-square tests were used to compare categorical data.
Correlations between variables were examined with
Spearman’s correlation. Receiver operating characteristic
(ROC) curve analysis and the Youden index were used to
determine the sensitivity and specificity values for MPV; age,
total protein, and hematocrit values. Pairwise comparison of
ROC curve analysis was used to evaluate the discriminative
power of variables for slow coronary flow with two models,
first the MAPH score and the consisting variables and
second the MAPH score and the most frequently used blood
viscosity markers.

Results

The mean age of all patients was 51.1£7.9 yrs, and
109 (54.2%) were male. 10S patients had CSF (mean
age S52.7+8.5yrs. 57.1% male). The NCF group
consisted of 96 patients (mean age 49.2+6.7 yrs, 51%
male)]. The baseline characteristics and laboratory data
of the groups are summarized in Table 1. The patients
of both groups were similar in terms of gender and
the frequency of HT, hyperlipidemia, and DM (p=0.848;
p=0.773; p=0.549, respectively), but the patients
with CSF were older and ratio of smokers were higher
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Table 1. Characteristics and laboratory
values of the CSF and NCF groups

Figure 1. ROC curve analysis of variables
for coronary slow flow. MPV, mean protein volume;

Variable CSE (n=105) NCF (n=96) p LSR, low shear rate; HSR, high shear rate
Demographics 100 e e
Age, yrs 52.748.5 492467  <0.001 Ve
Gender, male 60 (57.1) 49 (s1) 0.386 80 B o N L
biditi [MPAH_SCORE 0,058 (0,602-0.903) <0001
Comor 1 ltleS . LSR | 07693 (0,624-0,756) |<0,001
S THSR 1686 (0,617-0,749) |<0,001
HT 38 (362) 36 (375) 0848 ‘E 60 . 7z | Total_Protein 0711 (0.5:3-0,773) <0,001
= | |Hematoerit |0,657 (0.567-0.722) |<0.001
DM 33 (31.4) 34(354)  0.549 = # | : :
Hyperlipidemia 43 (41) 37(389) 0773 o 40 g — MPN i
: /| - MAPH_SCORE
Smoking 59(56.2) 33(344)  0.002 ~LSR
,_ 20 | HSR
Medications --- Total Protein
Aspirin 36 (34.3) 22(22.9) 0.076 : — Hematocrit
ACEI/ARB 34 (32.4) 26(27.1) 0412 100-Specificity
CCB 16 (15.2) 11(11.4) 0.432
Statins 18 (17.1) 16(16.7)  0.928
Laboratory measurements (p<0.001; p=0.002, respectively). Total protein, MPV,
Glucose, mg/dl 1363483 124.54609 | 0258 and hematocrit were significantly higher in the CSF
group (p <0.001; p<0.001; p <0001, respectively).
Urea, mg/dl 31.5+11.2 30.3£10.4 0.453 L .
HSR, LSR, and MAPH scores were significantly higher
Creatinine, mg/dl 0.87+0.15 0.91+0.57 0.511 in the CSF group.
LDL, mg/dl 126.5£32.9 117.4£342  0.056 The most significant correlation with CSF was the MAPH
HDL, mg/dl 47.6+6.7 45+11.8 0.059 score (Table 2) (r=0.583, p<0.001). MPYV, total protein,
Total cholesterol, mm/dl ~ 208.2+35.7 ~ 193.8+45.5 0013  hematocrit, and age cut-off values that predicted slow
Triglyceride, mg/dl 209.3488.8  1864+1132  0O.111 coronary slow were calculated according to ROC analysis
and Youden index: for age >52 yrs — AUC 0.626, sensitivity
HGB, gr/dl 13.9+1.8 13.3+1.7 0.07 o )
WE . . 52.3%, specificity 70,8%; for hematocrit >39.4% - AUC
10 .6£9. 8.3+1.8 0.201 e o
G, 10°/m 90294 3 0.657, sensitivity 82.8 %, specificity 48.9%; for MPV >10.3fl -
Platelets, 10°/ml 179.2442.3 177.6+40.3 ' 0.148 AUC 0.856, sensitivity 69.5%, specificity 92.7%; for total
Hematocrit, % 42143 40.1+44 <0001  protein >7.5 g/l - AUC 0.711, sensitivity 39%, specificity
MPV, 10.9+1 9.5+0.6 <0.001 92.7%; for MAPH score >1 — AUC 0.858, sensitivity 88.5%,
Total protein, g/1 7 4+0.3 71403 <0001  Specificity 71.8% (Figures 1). Pairwise comparison of ROC
Albumin, g/1 43403 4240.6 0341 curve analysis demonstrated that the MAPH score had better
performance compared to the self containing parameters of
MAPH score 2.57£0.9 1.1+0.8 <0.001 L
MAPH score and to the HSR and LSR values for predicting
HSR 4.2+0.3 3.9£0.5 <0.001 CSF (Table 3, Figure 2).
LSR 29.216.1 24.2%8.7 <0.001
Angiographic measurements Table 2. Results of correlation
LAD c-TEC 39.3+11.4 18.9+5.5 <0.001  analysis of mean c-TFC with relevant variables
LCXc-TEC 28.4£8.0 17.5£11 <0.001 Correlation Rho P
RCA ¢-TEC 32.7+10.3 18.1+6.7 <0.001 Mean c-TFC - total protein 0.394 <0.001
Mean ¢-TFC 33.5+6.6 18.2%5.5 <0.001 Mean c¢-TFC - hematocrit 0.321 <0.001
Data are mean+SD or number (percentage). HT, hypertension; DM, Mean c-TFC-MPV 0.521 <0.001
diabetes mellitus; LDL, low density lipoprotein cholesterol; HDL, Mean c-TFC-MAPH score 0.583 <0.001
high density lipoprotein cholesterol; HGB, hemoglobin; WBC, white Mean c-TFC - age 0.179 0.011
blood cell count; MPV, mean platelet volume; MAPH, MPV+age+total
protein+hematocrit; HSR, high shear rate; LSR, low shear rate; ACEI, Mean ¢ TFC - HSR ) <0.001
Mean ¢-TFC-LSR 0.375 <0.001

angiotensin converting enzyme inhibitor; ARB, angiotensin receptor
blocker; CCB, calcium channel blockers; LAD, left anterior descending
coronary artery; LCX, circumflex coronary artery; RCA, right coronary
artery; c-TFC, corrected TIMI frame count.
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MPYV, mean platelet volume; MAPH, MPV: age+total protein+
hematocrit; HSR, high shear rate; LSR, low shear rate;
¢-TFC, corrected TIMI frame count.
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Table 3. Pairwise comparisons of ROC curve analysis

Difference o 7Z statistic
between AUC 95% €l p value
Model I
Age-hematocrit 0.003 - 0.0856-0.155 0.567;0.5709
Age-MPV 0.231 0.135-0.327  4.698; <0.0001
Age-total 0.088 - 0.023-0.200 1.547;0.1218
protein
Age-MAPH 0.232 0.155-0.310  5.866; <0.0001
score
Hematocrit-
MDY 0.196 0.101-0.292  4.022; 0.0001
Hematocrit- 0.053 ~ 0.044-0.151  1.066; 0.2865
total protein
Hematocrit- 0.202 0.123-0.280  5.016; <0.0001
MAPH score : T D
MPV-MAPH 0.002 - 0.050-0.055 0.008;0.9356
score
MPV-total 0.143 0.058-0.228  3.311;0.0009
protein
MAPH score- 0.147 0.078-0.216  4.212; <0.0001
total protein
Model IT
HSR-LSR 0.006 0.001-0.011  2.658;0.007
HSR-MAPH 0.172 0.096-0.248  4.474;<0.0001
score
LSR-MAPH 0.166 0.091-0.240  4.361; <0.0001

score

ROC, receiver operating characteristic; MPV, mean platelet
volume; MAPH, MPV+age-+total protein+hematocrit;
HSR, high shear rate; LSR, low shear rate.

Discussion

In this study, CSF was associated with smoking,
increased age, higher total cholesterol, hematocrit, total
protein, and MPV. Importantly, the MAPH score, which
includes age, total protein, and hematocrit, was also higher
in the CSF group. The most valuable finding of this study is
that the best correlation was between the MAPH score and
CSF. Furthermore, the ability of the MAPH score to predict
CSF was higher than the individual performance of each
component factor.

Although CSF is considered an innocent angiographic
finding, it may cause acute chest pain syndromes and
impair the quality of life [17, 18]. Despite numerous studies
to elucidate the underlying pathophysiology of CSF, its
mechanism remains unclear. Dysfunction of microvascular
tone, imbalance of vasoconstrictive substrates, inflammation,
metabolic factors, and hemorheological parameters have
been blamed [2, 19-21]. A previous study revealed that
WBV is an independent and significant predictor factor for
CSE. This relationship was also shown in the current study.
Blood viscosity is the major component of endothelial
shear stress, and it plays a key role in endothelial function
[22, 23]. In addition to the mechanical effect of viscosity
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Figure 2. Pairwise comparisons

of variables for coronary slow flow.

A: comparisons of MAPH score, age,
hematocrit, total protein, and MPV.

B: comparisons of MAPH score, HSR, and LSR. MPV, mean
protein volume; HSR, high shear rate; LSR, low shear rate
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on blood flow velocity, increased blood viscosity may
cause endothelial dysfunction, leading to CSE. De Simone
et al. [24] demonstrated an association of WBV with
demographic, physiologic, and cardiovascular risk factors.
They also investigated the contribution of rheological factors,
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i.e., hematocrit, plasma viscosity, erythrocyte aggregability,
and rigidity, to WBV. In their study, the major determinant of
blood viscosity was WBV, and that it is possible to measure
blood viscosity with a low margin of error using the formula.
In addition, blood viscosity measured with this calculation
has been tested in large studies, and its validity has been
proven [7]. In the current study, WBV was found to be an
independent and important predictor factor of CSE.

Blood viscosity is a dynamic parameter that depends
both on lumen diameter and on blood flow velocity. In
addition to studies showing the role of blood viscosity
in atherosclerosis and its hemodynamic effects have also
been demonstrated in large arteries, including the carotid
and peripheral arteries. For example, Dormandy et al. [25]
showed that blood viscosity in patients with intermittent
claudication was higher than in normal individuals.
Perhaps the most important finding of that study was
that a significant proportion of patients with claudication
had normal peripheral angiography, but they had high
blood viscosity. It has been emphasized that the cause
of claudication in such patients may be increased blood
viscosity rather than peripheral vascular disease [26].
Based on this information, Dormandy et al suggested
the term “rheological claudication” [25]. According to the
results of current study it is possible that hyperviscosity
disrupts circulatory dynamics and causes symptoms in
patients with CSF, considering that the only pathologic
condition is slow flow in the coronary circulation.

MPV is an indicator of platelet activation and is
thought to be involved in CSF pathophysiology [27-29].
Platelets containing dense granules are biochemically and
functionally more active and are a risk factor for coronary
thrombus and myocardial ischemia [30, 31]. In the current
study, in parallel with the results of previous studies, MPV
was found to be an independent predictor for CSF at values
above 10.3 fl.

Another component of the MAPH score is total protein,
which consists of important elements of blood viscosity
including albumin, fibrinogen, and globulin [10]. A study
by Huang et al. [32] found that the concentration globulin
was correlated with high-sensitivity C-reactive protein
in the patient group with CSF and was an independent

predictor of CSE. In this study, total protein of patients with
CSF was higher than that of patients with NCF.

Another parameter that should be discussed is age. In
this study, the mean age of the patients in the CSF group
was higher than that in the NCF group. Aging is a major risk
factor for cardiovascular diseases. Many factors, including
decreased nitric oxide, increased endothelium-derived
vasoconstrictor substrate release, increased oxidative stress,
and proinflammatory cytokine release may cause endothelial
deterioration with age [33]. Another important finding of
our study is that the patients in the CSF group had a higher
smokers rate, which is consistent with the results reported by
Ghaffari et al. [34].

Limitations
The main limitations of this study are its single center,
small number of patients and retrospective nature.

Conclusions

MAPH is a score newly developed by us, and it has
previously been shown to be effective in predicting high
thrombus burden in patients with STEMI. In this study,
we found that the MAPH score had better performance in
predicting CSF than the individual performance of each of
its component factors. We suggest that the MAPH score
may be useful in the identification and treatment of CSF,
although large-scale studies are needed for it to be used
routinely in practice.
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