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Background: Coronary microvascular function can predict the infarct size and
Left Ventricular (LV) functional recovery in patients diagnosed with ST-Elevation
Myocardial Infarction (STEMI). Multiple invasive and non-invasive methods are used
to evaluate coronary microvascular function. The Non-invasive Index of Microvascular
Resistance (NiMR) is a method to evaluate microvascular resistance.

Objectives: This study aimed to assess the relationship between NiMR and Left
Ventricular Ejection Fraction (LVEF) measured by Transthoracic Echocardiography
(TTE) in patients with acute STEMI undergoing primary Percutaneous Coronary
Intervention (PCI).

Methods: This prospective observational study was conducted on 39 patients with STEMI.
NiMR was measured instantly after primary PCI. After that, the patients were divided
into two groups based on their NiMR: Group 1 (n = 20) with slighter microvascular
dysfunction (NiMR < 24) and Group 2 (n = 19) with more severe microvascular
dysfunction (NiMR > 24). In the first 24 hours (Echol) and one month after primary PCI
(Echo2), LVEF and the Global Longitudinal Strain (GLS) were measured by TTE.
Results: The mean age of the patients was 58.0 + 11.3 years, and 34 ones (87.1%) were
male. In Echol, there were no significant differences between the two groups regarding
LVEF (39.6 + 7.8% vs. 38.8 + 8.6%; P = 0.761) and GLS (-10.2 £ 2.5 vs. -10.9 £ 3.2; P =
0.487). However, LVEF improvement was higher in Group 1 than in Group 2 (A LVEF
=5.8+7.3% in Group 1 vs. A LVEF = 1.3 + 8% in Group 2; P = 0.073), but the difference
was not statistically significant (OR: 2.8, 95% CI: 0.72 - 10.7; P = 0.13). GLS also exhibited
an improvement in both study groups after a month (A GLS = 5.4 + 3.1 in Group 1 vs. A
GLS = 2.4+3.2 in Group 2; P = 0.005), but this improvement was statistically significant
only in Group 1 (OR: 5.5, 95% CI: 1.32 - 22.8; P = 0.01).

Conclusions: In patients with lower NiMR values, LV systolic function recovery (defined
by improvement in GLS) was significantly higher one month after STEMI. Thus, NiIMR
can be used as an early marker of LV performance recovery after acute STEMI.

1. Introduction

Nonetheless, it may be followed by impaired microvascular

Primary Percutancous Coronary Intervention (PCI)
is an accepted strategy for reperfusion in ST-Elevation
Myocardial Infarction (STEMI) (1). Primary PCI can
improve clinical outcomes in patients with STEMI.
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perfusion, leading to persistent myocardial non-viability.
The target of the current strategies for the treatment of
STEMI is to reach total revascularization at the myocardial
tissue level. Up to now, several invasive and non-invasive
techniques have been used to evaluate microvascular
circulation (2-6). Previous studies have shown that the
Index of Microvascular Resistance (IMR) measured at
the time of STEMI demonstrates coronary microvascular


https://orcid.org/0000-0003-4698-3244
https://orcid.org/0000-0002-8550-1378

Alemzadeh-Ansari M] et al.

function, correlates with infarct size, and predicts Left
Ventricular (LV) functional recovery (7-11).

Previous studies indicated a relationship between IMR and
post-STEMI recovery in myocardial function, as expressed
by myocardial strain (2, 11-14). Nevertheless, the correlation
between the Non-invasive Index of Microvascular
Resistance (NiMR) and the Global Longitudinal Strain
(GLS) after STEMI has yet to be elucidated.

2. Objectives

the present study aims to evaluate the relationship between
NiMR and LV functional recovery according to systolic
and diastolic echocardiographic parameters in patients with
STEMI undergoing primary PCI.

3. Methods

This prospective observational study was conducted on 39
patients with the first STEMI treated by primary PCI within
12 hours from the onset of symptoms. The first STEMI
was diagnosed based on acute chest pain lasting for at
least 20 minutes, ST-segment elevation of at least 1 mm in
two or more contiguous leads in electrocardiography, and
Thrombolysis In Myocardial Infarction (TIMI) flow grade
of 0 or 1 at the initial coronary angiography. Patients with
cardiogenic shock, renal insufficiency (defined as serum
creatinine > 1.5 mg/dL), contraindications to adenosine,
pregnancy, previous STEMI, and previous coronary artery
bypass surgery were excluded. The patients with severe
valvular heart disease and those with more than one culprit
lesion were excluded, as well. Primary PCI was used as the
standard method of treatment of patients with STEMI. The
study protocol was approved by the Institutional Ethics
Committee and written informed consent was obtained
from all the patients.

Primary PCI was successfully performed in patients aged
18 years or above on the culprit lesion of a native coronary
artery based on the current international guidelines. All
the patients received oral aspirin (162 mg) and a bolus of
heparin (100 U/kg) before the procedure. If the procedure
lasted for more than 90 minutes, additional heparin was
given to maintain a minimum activated clotting time of
250 seconds.

All medical decisions were made blinded to the NiMR
measurements. Transthoracic echocardiography and 2D
speckle-tracking imaging were performed within the first
24 hours (Echol) and after one month (Echo2) to obtain
the Left Ventricular Ejection Fraction (LVEF) and GLS
(Figure 1). All the patients were discharged successfully
without any complications, and medical therapy based on
the current international guidelines was started.

3.1. NiMR Calculation

Previously, a study by Babakhani et al. (15) showed that
the calculated non-invasive 2D Fractional Flow Reserve
(FFR) yielded comparable results to those derived from
invasive FFR. In the present study, NIMR was computed
immediately after successful primary PCI. One projection
of patient-specific X-ray angiography was selected to obtain
coronary stenosis size. A contrast-filled catheter (5F or
6F) was used as the calibration standard for the right and
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left coronary arteries. The projection demonstrating the
stenosis with the least foreshortening, stenosis diameter,
lesion length, distal diameter, and proximal diameter in
the end-diastolic frame was manually selected using the
MicroDicom software (Figure 2). For the conversion of
pixel size into millimeters, a scaling factor was determined.
Angiography was performed using a manual injection of
contrast dye, and images were acquired digitally at a speed
of 15 frames per second.

The TIMI Frame Count (TFC) was used to assess the
flow across the stenotic region based on the angiographic
images. TFC, which can be applied inexpensively, counts
the number of frames needed for the dye to reach a distal
landmark (7, 8). Subsequently, the contrast transport time
was calculated in the target branch of the coronary artery
on rest projections via TFC. The mean flow rate at rest state
was derived using the mean length of the coronary artery
divided by the contrast transport time multiplied by the
cross-sectional reference area. Intracoronary adenosine
injection was performed to obtain maximum hyperemia
through the effect of adenosine on reducing resistance in the
downstream coronary arteries. Adjedj et al. (16) reported
that maximum coronary hyperemia could be achieved with
100 pg in the right coronary artery and 200 pg in the left
coronary artery. The same doses were applied to reach
maximum coronary hyperemia in the current study.

Figure 1. The Images Illustrate the Changes in the Left
Ventricular Ejection Fraction Based on the Non-Invasive Index
of Microvascular Resistance (Group 1: 39.6 + 7.8% to 45.5 + 7.8%,
Group 2: 38.8 + 8.6% to 40.1 + 10.7%; A LVEF = 5.8 = 7.3% in
Group 1 vs. A LVEF = 1.3 + 8% in Group 2; P = 0.073).

Group 1 (NiMR<24)

Group 2 (NIMR>24)

0 1month 1 0 1month L

Abbreviations: LVEF, left ventricular ejection fraction; NiMR,
non-invasive index of microvascular resistance.

Group 2 (NiIMR>24)

Group 1 (NiMR<24)

1month

1month

Figure 2. The Images Depict Changes in the Global Longitudinal
Strain Based on the Non-Invasive Index of Microvascular
Resistance (Group 1: —10.2 + 2.5 to —15.7 £+ 3.7 and Group 2:
-109+3.2t0—-13.4+4; AGLS=5.4+3.11in Group 1 vs. A GLS
=2.4+3.2in Group 2; P=0.005). GLS, global longitudinal strain;
NiMR, non-invasive index of microvascular resistance.
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3.2. Echocardiographic Study

Transthoracic echocardiography was performed using a
Philips Epiq 7 system blinded to the NiMR results of the
patients. LV volumes and LVEF were obtained from the
4- and 2-chamber views. In order to assess GLS, gray-scale
4-chamber, 2-chamber, and long-axis views were obtained
and speckle-tracking analysis was performed via automated
function imaging. Change in the length of the myocardium
from end-diastole to end-systole was defined as the peak
longitudinal strain (as a percentage):

Longitudinal strain (%) Y (L end-systole—L end-
diastole)/L end-diastole 100%

Where L was the length of the region of interest.

Additionally, LVGLS was calculated by estimating the
mean of the peak systolic longitudinal strain values from
17 LV segments.

3.3. Statistical Analysis

Statistical analyses were performed using the SPSS 16.0
software (SPSS, Inc., Chicago, IL, USA). The data were
assessed by descriptive statistics, namely frequency,
percentage, mean, and standard deviation. Student t-test was
used to evaluate the quantitative variables, while chi-square
test was utilized to analyze the categorical ones. Correlation

analyses (Pearson method) were also employed to assess the
relationship between the parameters. P <0.05 was considered
statistically significant. All p-values were two-sided, and
95% Confidence Interval (CI) was reported for each variable.

4. Results

The mean age of the patients was 58.0 + 11.3 years, and
males comprised 87.1% of the study population (n = 34). The
patients were divided into two groups based on their median
NiMR: Group 1 with a lower degree of microvascular
dysfunction (NiMR < 24) and Group 2 with a higher degree
of microvascular dysfunction (NiMR > 24). The baseline
characteristics of these groups have been summarized in
Table 1.

On the initial echocardiography (within the first 24 hours),
there were no significant differences between the two groups
in terms of LVEF (39.6 = 7.8% vs. 38.8 £+ 8.6%; P = 0.761)
and GLS (—10.2 + 2.5 vs. —10.9 + 3.2; P = 0.487) (Table 1).
In the follow-up echocardiography (after one month), LVEF
improvement was higher in Group 1 than in Group 2 (A
LVEF = 5.8 + 7.3% in Group | vs. A LVEF = 1.3 + 8%
in Group 2; P = 0.073). However, this difference was not
statistically significant (OR = 2.8, 95% CI: 0.72 - 10.7; P
= 0.13) (Table 2). GLS also exhibited an improvement in

Table 1. Baseline Characteristics of the Patients

Parameter Group 1 Group 2 P-value Total
(NiMR < 24) (NiMR 2 24)
(n=20) (n=19)

Age (y) 56.4 £10.2 59.6 + 12.5 0.382 58.0+11.3
Sex Male (n, %) 18 (90%) 16 (84%) 0.661 34 (87.1%)

Female (n, %) 2 (10%) 3 (15%) 5(12.8%)
Diabetes mellitus (n, %) 1 (5%) 5 (26%) 0.091 6 (15.3%)
Hypertension (n, %) 10 (50%) 7 (36%) 0.408 17 (43.5%)
Smoking (n, %) 11 (55%) 7 (36%) 0.256 18 (46.1%)
Dyslipidemia (n, %) 5 (25%) 3 (15%) 0.695 8(20.5%)
FH (n, %) 3 (15%) 2 (10%) 1.000 5(12.8%)
Hemoglobin (mg/dL) 143 £ 1.6 14.3+£2 0.975 143 £1.7
Serum creatinine (mg/dL) 1+0.1 11+0.5 0.566 1.1+0.3
LAD-diagonal (n,%) 13 (65%) 12 (63%) 0.174 25 (64.1%)
LCX-OM 5 (25%) 2 (10%) 7 (17.9%)
RCA-PDA-PLV 1 (5%) 5 (26%) 6 (15.3%)
Ramus 1 (5%) 0 (0%) 1(2.5%)
NiMR (mean + SD) 20.5+2.5 30.5+73 0.000 254+73
EF1 (%) 39.6+7.8 38.8£8.6 0.761 39.2+8.1
EF2 455+7.8 40.1 £10.7 0.082 42.8£9.6
GLS1 -10.2+2.5 -109+3.2 0.487 -10.6 £2.9
GLS2 -15.7+3.7 -13.4+4 0.064 -14.6 + 4

Abbreviations: NiMR, noninvasive index of microvascular resistance; FH, family history; LAD, left anterior descending coronary artery; LCX,
left circumflex artery; OM, obtuse marginal; RCA, right coronary artery; PDA, patent ductus arteriosus; PLV, posterior left ventricular artery; EF,

ejection fraction; GLS, global longitudinal strain.

Table 2. Echocardiography Findings at Baseline and One Month Later

Parameter Group 1 (NiMR < 24) (n=20) Group 2 (NiMR >24) (n=19) P-value
Left ventricular ejection Baseline 39.6 £ 7.8 38.8+8.6 0.761
fraction (%) One month later 45.5+78 40.1+10.7 0.082

A Ejection fraction 58+73 1.3+£8 0.073
Global longitudinal strain ~ Baseline -10.2+2.5 -10.9+3.2 0.487

One month later -15.7+ 3.7 -134+4 0.064

A Global longitudinal strain 5.4 + 3.1 2.4+3.2 0.005

Abbreviations: NiMR, noninvasive index of microvascular resistance
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Figure 3. A 69-Year-Old Woman Presented with Anterior ST-
Segment-Elevation Myocardial Infarction. The Patient Underwent
Primary Percutaneous Coronary Intervention. The Non-Invasive
Index of Microvascular Resistance Was 19.57, Indicating a Lower
Degree of Microvascular Dysfunction. The Baseline Global
Longitudinal Strain Was —13.2 (A). Fortunately, The Global
Longitudinal Strain Exhibited a Significant Improvement After
One Month (-17.5) (B).

Figure 4. A 41-Year-Old Man Presented with Anterior St-
Segment-Elevation Myocardial Infarction. The Patient Underwent
Primary Percutaneous Coronary Intervention. The Non-Invasive
Index of Microvascular Resistance Was 37.03, Indicating a Higher
Degree of Microvascular Dysfunction. The Baseline Global
Longitudinal Strain Was —13 (A). Unfortunately, The Global
Longitudinal Strain Did Not Differ After One Month (B).

both groups after one month (A GLS = 5.4 + 3.1 in Group
1 vs. A GLS = 2.4 £ 3.2 in Group 2; P = 0.005), but this
improvement was statistically significant only in Group 1
(OR: 5.5, 95% CI: 1.32 - 22.8; P = 0.01) (Figures 1 and 2).
The findings vis-a-vis strain values in two cases from each
group have been illustrated in Figures 3 and 4.

5. Discussion

Previous studies demonstrated that microvascular
dysfunction after STEMI could predict LV dysfunction
(17-20). Evidence indicated that patients with more severe
microvascular dysfunction had larger infarcts, more
significant long-term LV wall motion abnormalities, and
lower LV function (21-23). Thus, the present study aimed
to determine the correlation between the severity of
microvascular dysfunction after primary PCI, as expressed
by NiMR, and LV functional recovery evaluated through
LVEF and GLS.

A previous study confirmed that calculated non-invasive
2D-based FFR yielded comparable results to those derived
from invasive FFR (15). In the current investigation, there
was no statistically significant difference between the two
groups in terms of LVEF changes, which might result
from the need for a longer time for LVEF improvement. In
contrast, the increase in GLS was significantly higher in the
group with less severe microvascular disorders than in the
group with severe microvascular dysfunction. Prolonged
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follow-up of patients may also show the difference in the
improved LV function in the form of increased LVEF.

The present study results yielded supporting evidence on
the importance of microvascular dysfunction after primary
PCI. Accordingly, less severe microvascular dysfunction
(NiMR < 24) was associated with improved GLS, reflecting
better recovery in LV systolic function assessed one month
after primary PCI. The results also indicated that myocardial
ischemic changes due to microvascular injury after STEMI
could be reversible, which was consistent with a previous
research carried out by Borlotti et al. (21).

Generally, coronary vascular resistance is modulated
through changes in vascular tone. This process is under
metabolic, endothelial, myogenic, and neurohumoral control.
Nonetheless, it is not clear which of these mechanisms
exerts a more pronounced effect on IMR-measured values
in patients with STEMI (24). Additionally, no clear cutoff
value for IMR has thus far been described for the assessment
of microvascular dysfunction. Yet, this value was higher
in patients with higher microvascular dysfunction. It is
worthy of note that most of the published studies using this
technique in the treatment of patients with STEMI have been
conducted on small populations and have used median values
to define the severity of microvascular dysfunction. In the
current research, the patients who had a lower NiMR value
enjoyed better LV functional recovery, as expressed by GLS,
one month after primary PCI. The findings also showed
that a minimum NiMR value of 24 predicted myocardial
dysfunction. Overall, NIMR measured immediately and one
month after STEMI is a very sensitive method for evaluating
the infarction extension and LV functional recovery.

5.1. Study Limitations

The small number of patients and limitations in evaluating
echocardiographic parameters in all the patients were
the weaknesses of the current investigation. Moreover,
considering the power of 80%, an 84-subject sample size
was needed to show improvements in GLS amongst patients
with NiIMR <24 and a 208-subject sample size was required
to indicate GLS improvement in patients with NiMR >
24. Thus, the results are recommended to be confirmed in
larger studies.

5.2. Conclusions

The results of the present study on patients with
STEMI who underwent primary PCI showed that less
severe microvascular dysfunction, which was evaluated
noninvasively and was described as NiMR < 24, was
associated with better recovery in LV function, as expressed
by GLS. Accordingly, NiMR can be used as an early marker
of LV functional recovery after acute STEMI.

5.3. Clinical Trial Registration Code
This study was not a randomized clinical trial.

5.4. Ethical Approval
IR.RHC.REC.1398.065.
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