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Background: To assess the diagnostic accuracy of AcculMR, a newly proposed, pressure wire-free index,
in identifying coronary microvascular dysfunction (CMD) among patients with acute coronary syndrome
[including ST-segment elevation myocardial infarction (STEMI) and non-ST-segment elevation myocardial
infarction INSTEMI)] and chronic coronary syndrome (CCS).

Methods: A total of 163 consecutive patients (43 with STEMI, 59 with NSTEMI, and 61 with CCS), who
underwent invasive coronary angiography (ICA) and for whom the index of microcirculatory resistance (IMR)
was measured, were retrospectively enrolled at a single center. IMR measurements were made in 232 vessels.
The AccuIMR based on computational fluid dynamics (CFD) was calculated from coronary angiography.
The diagnostic performance of Accul MR was assessed using wire-based IMR as a reference standard.
Results: AcculMR correlated well with IMR (overall r=0.76, P<0.001; STEMI r=0.78, P<0.001; NSTEMI
r=0.78, P<0.001; CCS r=0.75, P<0.001) and had good diagnostic performance in detecting abnormal IMR
[overall diagnostic accuracy, sensitivity, and specificity were 94.83% (91.14% to 97.30%), 92.11% (78.62%
t0 98.34%), and 95.36% (91.38% to 97.86%), respectively]. Using a cutoff value of IMR >40 U for Accul MR
in STEMI and IMR >25 U in NSTEMI and CCS, the area under the receiver operating characteristic (ROC)
curve (AUC) of AccuIMR for predicting abnormal IMR value was 0.917 (0.874 to 0.949) in all patients, 1.000
(0.937 to 1.000) in patients with STEMI, 0.941 (0.867 to 0.980) in patients with NSTEMI, and 0.918 (0.841
to 0.966) in patients with CCS.

Conclusions: The use of AcculMR in the evaluation of microvascular diseases could provide valuable
information and potentially increase the application of physiological assessment for microcirculation in

patients with ischemic heart disease.
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Introduction

Several studies have highlighted that coronary microvascular
dysfunction (CMD) is one of the most important factors
associated with adverse cardiovascular events in patients
with coronary artery disease (CAD). Recently, CMD has
become increasingly crucial in diagnosing and managing
patients with chronic coronary syndrome (CCS) (1-4).
The first step to the successful management of CMD is
early diagnosis and identification. However, coronary
microvascular diseases can result from heterogeneous
pathological mechanisms (5).

A series of noninvasive physiological and imaging
approaches, including myocardial contrast echocardiography,
cardiac magnetic resonance, and positron emission
tomography, have been suggested to assess microcirculatory
dysfunction (4). However, these approaches are not readily
available in the cardiac catheterization laboratory during
percutaneous coronary intervention (PCI). Increasingly,
invasive assessments, such as the index of microcirculatory
resistance (IMR), have served as the reference standard for
assessing microvasculature in the clinical setting (6).

The IMR has been validated as an optimal index for
qualitative and quantitative measurement of the status of
coronary microvasculature in patients with ischemic heart
disease (7,8). The IMR is evaluated using a thermodilution
wire during maximal hyperemia, which has been shown to
be notably reproducible compared to other hemodynamic
indicators of coronary microcirculation, such as hyperemic
stenosis resistance (HSR), hyperemic myocardial resistance
(HMR), and coronary flow reserve (CFR) (9,10). However,
the adverse reactions of maximal hyperemia, the additional
procedural time, and the increased procedural complexity
might limit its usage in routine practice.

In recent years, angiographic derivation of fractional
flow reserve (FFR), such as AccuFFRangio, has shown
high diagnostic accuracy (11,12). Here, we propose a novel
angiography-based IMR calculation method (AcculMR) that
does not require a pressure wire to measure IMR using the
thermodilution method. Currently, the AcculMR still lacks
clinical validation. The purpose of this study was to assess
the accuracy of the AcculMR in patients with CCS, ST-
segment elevation myocardial infarction (STEMI), and non-
ST-segment elevation myocardial infarction (NSTEMI).
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Pressure wire-based IMR served as the reference standard.
We present the following article in accordance with the
Standards for the Reporting of Diagnostic accuracy studies
(STARD) reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-22-961/rc).

Methods
Study design

This was a retrospective, observational study conducted
at a single center with the objective of determining the
diagnostic accuracy of AcculMR in identifying clinically
significant CMD by comparing the results with those
obtained from wire-based IMR. The study protocol was
approved by the Ethics Committee of Zhongnan Hospital
of Wuhan University with a waiver of written informed
consent due to the retrospective nature of the study, in
adherence to the Declaration of Helsinki (as revised in
2013) and Good Clinical Practice Guidelines.

Study population

Consecutive patients aged at least 18 years who were
admitted from March 2011 to October 2017 to Zhongnan
Hospital of Wuhan University due to CCS, STEMI, and
NSTEMI and underwent invasive coronary angiography
(ICA) and IMR measurement were eligible for inclusion in
this study.

The principal exclusion criteria for patients were
as follows: (I) left ventricular ejection fraction (LVEF)
<50%, (II) estimated glomerular filtration rate (eGFR)
<45 mL/min/1.73 m’, (I) severe coagulopathy or bleeding
disorders, and (IV) allergy to iodine contrast agents or
vasodilators. The exclusion criteria for the image quality
check were as follows: (I) unanalyzable poor image quality,
(IT) poor contrast opacification, (III) unsatisfactory projection
view, and (IV) severe overlap or distortion of the target vessel.

PCI and wire-derived IMR measurement

All patients received 300 mg of aspirin and 300-600 mg of
clopidogrel before PCI, and periprocedural unfractionated
heparin was administered to prevent clotting. Angiography-
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guided PCI was performed with a second-generation drug-
eluting stent. The choice of stenting technique (direct or
non-direct) and other PCI techniques (e.g., atherectomy)
was left to the discretion of operators. In all treated
vessels, the angiographic objective was to achieve <30%
residual stenosis, and it was desirable to achieve grade 3
thrombolysis in myocardial infarction (TIMI) flow.

In patients with STEMI, an invasive coronary physiology
assessment of the infarct-related artery (IRA) was performed
at the completion of the primary PCI. In patients with
NSTEMI or CCS, an invasive coronary physiology
assessment was performed after the successful PCIL. IMR was
also measured in some non-IRAs at the operators’ discretion.

IMR was obtained using the established thermodilution
technique with a pressure wire (St. Jude Medical, St. Paul,
MN, USA). Briefly, the pressure wire was first calibrated
and equalized and then positioned distally to the target
vessel. Before physiological measurements, intracoronary
nitrate (100 pg) was administered to avoid spasms. Then,
an intravenous administration of adenosine at a rate of
140 pg/kg/min was administered to induce steady-state
hyperemia. Aortic pressure (Pa) and distal pressure (Pd) were
recorded during sustained hyperemia. Meanwhile, the mean
transit time (T'mn) was calculated as the average of transit
time measurements at 3 injections of 3—4 mL of room-
temperature saline. IMR was defined as the product of Pd
and Tmn during hyperemia. After measurement, the pressure
wire was withdrawn to the guiding catheter tip to exclude
pressure drift, and a drift range <0.03 was acceptable.

AccuIMR calculation

AcculMR was computed in a blinded fashion using
a dedicated software (AcculMR, V1.0; ArteryFlow
Technology, Hangzhou, China) by 2 experienced
investigators. The methodology for AcculMR has
been described previously (13). Briefly, 2 angiographic
projections >25° apart with optimal imaging quality
were selected, and 3-dimensional (3D) reconstruction
of the target vessel was performed, then TIMI frame
count (14) analysis was performed to derive blood flow
velocity for the computing of FFR value. Accul MR was

calculated as follows:
AcculMR =P, x AccuFFRangio x% (1]

where Pa is the mean aortic pressure, AccuFFRangio is the
computed FFR value, L is the length of the target vessel,
and V is the mean flow velocity.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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AcculMR was derived at the same point where IMR was
measured. Figure 1 summarizes the study methods.

Statistical analysis

The study was powered to achieve a diagnostic accuracy
of AcculMR that is significantly greater than 70%. It was
calculated that a total of 219 vessels would provide 85%
power with a 1-sided hypothesis. Quantitative variables
were presented as the mean = standard deviation (SD)
or as the median (interquartile range) as appropriate.
Categorical variables were presented as percentage
(number). Correlation were assessed using the Pearson
correlation coefficient. Bland—Altman analysis was applied
to assess the agreement between AcculMR and IMR and
variability in Accul MR computation. Diagnostic measures
were calculated, including sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
and diagnostic accuracy of AcculMR with IMR as the
reference standard on a per-vessel basis. The Clopper—
Pearson exact method was used to add 2-sided 95%
confidence intervals (Cls) to these parameters. The area
under the receiver operating characteristic (ROC) curve
(AUC) was calculated for AcculMR in different cohorts.
Comparison of AUC was performed with the DeLong
method. In CCS and NSTEMI, CMD was defined by a
cutoff of 25. The cutoff value of 40 was applied to IMR in
STEMI. The same cutoffs were used in IRAs or non-IRAs.
ROC curves were used to assess the diagnostic performance
of AcculMR in detecting abnormal IMR. A P value of <0.05
was considered statistically significant.

Results
Clinical characteristics

Clinical characteristics are presented in Table 1. A total of
163 patients with 232 vessels were included in the study, of
which 61 patients had CCS, 43 had STEMI, and 59 had
NSTEMI (Figure 2). Accul MR was successfully performed
in the whole population. The mean values of IMR and
AcculMR in all patients were 19.9+9.6 and 20.3+8.4 U,
respectively.

Correlation and agreement

IMR was higher in patients with STEMI (20.3£10.3 U)
compared to those with NSTEMI (19.6+10.0 U) and CCS
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AcculMR = Pa x AccuFFRangio x %

=98 mmHg x 0.94 x0.49 s

=451U

Figure 1 Study methods flow chart. (A,B) Angiograms from 2 projections with automatic delineated lumen contour. (C) Diameter stenosis
analysis. (D) Computed FFR value was 0.94. (E) AcculMR derivation. DS, diameter stenosis; FFR, fractional flow reserve; AcculMR,

angiography-based index of microcirculatory resistance.

(20.2+£9.3 U). Similar results were observed in Accul MR,
which showed a higher value in patients with STEMI
(20.5£9.4 U) compared with those with NSTEMI (20.2+8.8
U) and CCS (19.6+7.5 U). Although no significant
differences in IMR or AcculMR were detected among the 3
subgroups.

Overall, AcculMR was significantly correlated with
wire-based IMR (Pearson correlation coefficient r=0.76,
P<0.001). A good correlation was maintained when focusing
on different coronary syndromes (STEMI: r=0.78, P<0.001;
NSTEMI: r=0.78, P<0.001; CCS: r=0.75, P<0.001), as
shown in Figure 3.

Good agreements were also found between AcculMR
and IMR, with a mean difference of —0.4+6.3 U in all

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

patients, -0.3£6.2 U in patients with STEMI, -1.6+6.3 U
in patients with NSTEMI, and 0.6+6.2 U in patients with
CCS (Figure 4).

Diagnostic performance

Using a cutoff value of IMR >40 U for AcculMR in patients
with STEMI and IMR >25 U in patients with NSTEMI and
CCS, the AUC of AcculMR for predicting abnormal IMR
value was 0.917 (95% CI: 0.874 to 0.949) in all patients,
1.000 (95% CI: 0.937 to 1.000) in patients with STEMI,
0.941 (95% CI: 0.867 to 0.980) in NSTEMI, and 0.918
(95% CI: 0.841 to 0.966) in CCS (Figure 5). The overall
diagnostic accuracy, sensitivity, specificity, PPV, and NPV
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Table 1 Clinical characteristics

Table 1 (continued)

Parameter Value (n=163) Parameter Value (n=163)

Demographics IMR >25 U 21% [48]
Age (years) 6411 IMR >40 U 5% [12]
Sex, male 58% [99]

Values are mean + SD or % [n]. LVEF, left ventricular ejection
Weight (kg) 64+9 fraction; PCI, percutaneous coronary intervention; STEMI,
ST-segment elevation myocardial infarction; NSTEMI, non-
ST-segment elevation myocardial infarction; CCS, chronic
Systolic blood pressure (mmHg) 134+20 coronary syndrome; LAD, left anterior descending artery; LCX,
left circumflex artery; RCA, right coronary artery; OM, obtuse

Height (cm) 1637

Diastolic blood pressure (mmHg) 7611 marginal branch; MAP, mean aortic pressure; TIMI, thrombolysis
LVEF (%) 59+10 in myocardial infarction; IMR, index of microcirculatory
. . resistance.
Cardiovascular risk factors
Diabetes 26% [42]
Hypertension 59% [96] of AcculMR were 94.83% (95% CI: 91.14% to 97.30%),
Hyperlipidemia 32% [52] 92.11% (95% CI: 78.62% to 98.34%), 95.36% (95% CI:
91.38% to 97.86%), 79.55% (95% CI: 67.11% to 88.11%),
Current smoker 83% [54] and 98.40% (95% CL: 95.41% to 99.46%), respectively.
Previous PCI 6% [10] Of note, AcculMR showed numerically higher diagnostic
Previous myocardial infarction 8% [13] accuracy in patients with CCS [93.33% (95% CI: 86.05% to
Clinical presentation 97.51%)] than in patients with NSTEMI [92.94% (95% CI:
85.27% to 97.37%)], and a lower sensitivity in patients with
STEMI 26% [43] .
CCS [88.89% (95% CI: 65.29% to 98.62%)] than in those
NSTEMI 36% [59] with NSTEMI [94.44% (95% CI: 72.71% to 99.86%)]. As
ccs 37% [61] for patients with STEMI, AcculMR showed an accuracy
Target vessel, % (n) of 100.00% (95% CI: 93.73% to 100.00%), a sensitivity of
LAD 55% [127] 100.00% (95% CI: 15.81% to 100.00%), and a specificity of
100.00% (95% CI: 93.51% to 100.00%) (Table 2).
LCX 23% [54]
RCA 21% [49]
Reproducibility and computational performance
oM 1% [2]

. - Intraobserver and interobserver variability in Accul MR
Physiological characteristics

analysis were 0.3£0.5 and 0.5+0.4, respectively. The
MAP 84+16 . . . .
median time for AcculMR computation was approximately

Pre-PCI TIMI flow <3 5 minutes, including automatic lumen delineation, 3D

STEMI 24% [39] reconstruction, and computational fluid dynamics (CFD)

NSTEMI 15% [25] simulation with interprocedural interaction (if necessary) on
a personal computer.

ccs 12% [20]

Post-PCI TIMI flow <3

Discussion

STEMI 3% [5]

NSTEMI 29% [3] In the present study, we evaluated the diagnostic

ccs 0% [0] implications of AcculMR in 163 patients (232 vessels)

with different coronary syndromes. The present study

Table 1 (continued) had 2 main findings. Firstly, Accul MR is an angiography-
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274 patients
Admitted for ACS or CCS from March
2011 to October 2017

Exclusion (n=29)

e LVEF <50% (n=4)

e eGFR <45 mL/min/1.73 m2 (n=1)

e Severe coagulopathy or bleeding disorders (n=1)
e Allergic to contrast agents or vasodilators (n=3)
e Missing angiographic data (n=20)

Y

Y

245 patients
Underwent ICA and IMR measurement

Exclusion (n=82)

* Unanalyzable poor image quality (n=7)

e Poor contrast opacification (n=4)

* Only one projection (n=51)

* Projections not >25° apart (n=9)

e Severe overlap or distortion of target vessels (n=11)

Y

Y

163 patients
with IMR and AcculMR measurement

Figure 2 Patients flow chart. ACS, acute coronary syndrome; CCS, chronic coronary syndrome; LVEE left ventricular ejection fraction;

eGFR, estimated glomerular filtration rate; ICA, invasive coronary angiography; IMR, index of microcirculatory resistance; Accul MR,
angiography-based IMR.

All CCs

AcculMR
AcculMR

IMR IMR

STEMI NSTEMI

AcculMR
AcculMR

0 10 20 30 40 50 60 0 10 20 30 40 50 60
IMR IMR

Figure 3 Correlation between Accul MR and IMR. Scatter plots demonstrate significant correlation between Accul MR and IMR in patients
with STEMI, NSTEMI, and CCS. IMR, index of microcirculatory resistance; STEMI, ST-segment elevation myocardial infarction;
NSTEMI, non-ST-segment elevation myocardial infarction; CCS, chronic coronary syndrome; Accul MR, angiography-based IMR.
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Figure 4 Agreement between AcculMR and IMR. Bland-Altman plots show good agreement between AcculMR and IMR, with slight
overestimation in STEMI and NSTEMI, and slight underestimation in CCS. IMR, index of microcirculatory resistance; STEMI, ST-

segment elevation myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction; CCS, chronic coronary syndrome;

AcculMR, angiography-based IMR; SD, standard deviation.
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Figure 5 ROC curve analysis for AcculMR in discrimination of
CMD (the cutoff was 40 in patients with STEMI and 25 in patients
with NSTEMI and CCS). ROC, receiver operating characteristic;
CMD, coronary microvascular dysfunction; AUC, area under the
ROC curve; STEMI, ST-segment elevation myocardial infarction;
NSTEMI, non-ST-segment elevation myocardial infarction; CCS,
chronic coronary syndrome; AcculMR, angiography-based IMR.
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based pressure wire-free method for the assessment of
coronary microcirculation with good diagnostic accuracy
in identifying abnormal IMR. Secondly, the diagnostic
performance of AcculMR maintained a high level in all
patients with different coronary syndromes, including in
patients with STEMI, NSTEMI, and CCS.

Substantial studies have shown that FFR could adequately
assess epicardial coronary artery lesions. As the “gold
standard” for decision-making or clinical management, FFR
improves patients’ prognostic outcomes and significantly
reduces medical costs in patients with suspected CAD (15-17).
However, the epicardial segment of the coronary tree is
not the only responsible part for symptoms and adverse
outcomes. Microcirculation also plays an important role
in patients’ symptoms and adverse events, and it should be
noted that CMD cannot be readily treated by PCI (18).
With the growing appreciation of microvasculature, several
approaches for the assessment of microcirculation have
been proposed. However, angiographic modalities have
usually been restricted by their qualitative and empirical
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Table 2 Diagnostic performance of Accul MR
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Diagnostic characteristic

AcculMR, % (95% Cl)

CCS

NSTEMI

STEMI

All

Sensitivity 92.11 (78.62 to 98.34)
Specificity 95.36 (91.38 to 97.86)
+LR 19.85 (10.42 to 37.83)
-LR 0.08 (0.03 to 0.25)

PPV 79.55 (67.11 to 88.11)
NPV 98.40 (95.41 to 99.46)
Accuracy 94.83 (91.14 to 97.30)

88.89 (65.29 to 98.62)
94.44 (86.38 t0 98.47)
16.00 (6.09 to 42.05)
0.12 (0.03 to 0.44)
80.00 (60.35 to 91.31)
97.14 (90.19 to 99.21)
93.33 (86.05 to 97.51)

94.44 (72.71 to 99.86)
92.54 (83.44 to 97.53)
12.66 (5.41 to 29.63)
0.06 (0.01 to 0.40)
77.27 (59.22 to 88.84)
98.41 (90.21 to 99.76)
92.94 (85.27 to 97.37)

100.00 (15.81 to 100.00)
100.00 (93.51 to 100.00)
0.00
100.00
100.00
100.00 (93.73 to 100.00)

Cl, confidence interval; CCS, chronic coronary syndrome; NSTEMI, non-ST-segment elevation myocardial infarction; STEMI, ST-segment
elevation myocardial infarction; +LR, positive likelihood ratio; -LR, negative likelihood ratio; PPV, positive predictive value; NPV, negative

predictive value; AcculMR, angiography-based IMR.

nature, and Doppler wire-based indexes have been limited
by their increased technical complexity and instability. IMR,
first described in 2003 (7), is a highly reproducible, readily
available, quantitative method for assessing microvascular
function independent of the epicardial arteries, which has
been considered the “gold standard” of microcirculatory
evaluation (19). Hemodynamic changes, such as heart rate,
blood pressure, and contractility, have not been shown to
affect IMR significantly (20). Measurement at different time
points or inclusion or exclusion of Pv have not been shown
to have a significant impact on the calculation of IMR (10).
A high correlation has also been found in the interobserver
analysis of IMR (21). IMR showed superior reproducibility
and less hemodynamic dependence compared to CFR,
similar to FFR.

IMR has been shown to provide information about the
recovery of left ventricular function in patients with STEMI
and correlate with CMR imaging (21-24). IMR can be a
significant predictor of clinical outcomes, including death,
rehospitalization, LVEF change, and heart failure (25,26).
In nonobstructive CAD, Lee er al. (27) found that patients
with CMD defined by IMR and CFR had worse outcomes
than those with normal IMR and CFR. In addition, IMR
can also be used in the pathway of elective PCI. Abnormal
IMR has been associated with an increased risk of
periprocedural myocardial infarction; therefore, measuring
IMR before PCI might lead to the use of alternative
strategies and reduce periprocedural outcomes (28). Both
studies and guidelines have emphasized the importance of
CMD in therapeutic and prognostic values (3,29). However,
despite compelling evidence of the value and benefit of IMR

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

assessment, its utility in routine clinical practice remains
low due to limitations such as the need for a pressure wire,
the use of hyperemic agents, the longer procedural time,
and the higher cost.

In order to overcome these barriers, a CFD-based
calculation of IMR derived from coronary angiography has
been proposed (13). De Maria et al. (30) reported a novel
approach for the computation of angiography-based IMR
(IMR,, i) in 45 patients with STEMI, demonstrating a
good correlation with invasive IMR measurement. Tebaldi
et al. (31) demonstrated an angio-based IMR method
(A-IMR) and validated it in 44 patients with CCS, with a
sensitivity and specificity of 70.0% and 83.3%, respectively.
Another angio-derived IMR technique (calMR) showed
diagnostic accuracy, sensitivity, and specificity of 84.2%,
86.1%, and 81.0%, respectively, in 56 patients with no
obstructive coronary arteries (32). Mejia-Renteria ez al. (33)
compared their angio-IMR with wire-based IMR in 104
patients, which resulted in a sensitivity, specificity, and
accuracy of 87.5%, 85.3%, and 85.0%, respectively. The
OxAMI cohort study (34) involving non-hyperemic IMR,,;,
(NH IMR,,,;,) showed a good diagnostic performance
in identifying IMR >40 U (sensitivity, 77%; specificity,
67 %; diagnostic accuracy, 70%), and the NH IMR,,,
was found to be significantly associated with a higher risk
of adverse events in patients with STEMI. However, the
validations of recent studies about angio-derived IMR have
been limited to a relatively small population of patients or
only focused on one specific cohort. In this study, we have
extended these findings and demonstrated that angio-based
IMR (AcculMR) can accurately predict CMD in patients
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with different coronary syndromes, including STEMI,
NSTEMI, and CCS.

The fundamental difference between Accul MR and
the above-mentioned angio-IMR methods may lie in the
boundary conditions. The patient-specific mean aortic
pressure and blood flow rate derived from hyperemic
angiographic data were used for the computation of
AcculMR, which could lead to fewer discrepancies with the
measured IMR. For example, the A-IMR used the cQFR
in the calculation, which involved conversion from baseline
flow to hyperemic flow by an empirical function. The
empirical function was derived from patients without CMD;
thus, it might not be suitable for patients with microvascular
dysfunction. Direct information from hyperemic data
could reveal the specific influence of CMD on blood flow.
AcculMR showed good diagnostic performance across
the spectrum of coronary syndromes, with a sensitivity,
specificity, and accuracy in predicting abnormal IMR of
100.00%, 100.00%, and 100.00%, respectively, in patients
with STEMI, 94.44%, 92.54%, and 92.94, respectively, in
patients with in NSTEMI, and 88.89%, 94.44%, 93.33%,
respectively, in patients with CCS. When considering all
vessels, the correlation between IMR and Accul MR was also
good (r=0.76 in all patients; r=0.78 in patients with STEMI;
r=0.78 in patients with NSTEMI; r=0.75 in patients with
CCS). Notably, AcculMR showed slightly better agreement
with IMR in CCS than that of STEMI and NSTEMI. This
could be the result of the correlation between the severity of
CMD and acute coronary syndrome (ACS). Microvascular
obstruction (MVO) is more likely to occur in patients with
ACS, which could lead to very high IMR values. Similarly,
it has been reported that CMD could affect the agreement
between FFR and angio-based FFR (35). Nevertheless, the
agreement and correlation between AcculMR and IMR
remained strong in all patients when using standard cutoff
values IMR >40 U in patients with STEMI; IMR >25 U in
patients with NSTEMI and CCS).

It is noteworthy that the optimal IMR threshold has not
been determined in patients with STEMI. An IMR >40 U
has been reported to be associated with all-cause death or
rehospitalization for heart failure at 1 year (25), with all-
cause death or heart failure readmissions at 2 years (26),
and with post-STEMI major complications at 30 days (36).
This has become the most accepted threshold for patients
with STEMI. However, more than one-third of patients
with STEMI showed discordance between an IMR >40 U
and MVO defined by CMR (37). Fearon ez 4l. (38) reported
that an IMR <32 U could predict recovery of left ventricular

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Fan et al. Angio-based AcculMR to assess CMD in ACS and CCS

function. Lim et a/. (39) showed that an IMR <33 U optimally
correlated with left ventricular wall motion recovery at
6 months. A post-PCI IMR >27 U was most closely associated
with MVO (22,40). De Maria et al. (37) demonstrated that
patients with an IMR >40 U had no regression in infarct
size at follow-up, whereas those with an IMR <40 U showed
significant regression in infarct size. Although an IMR >40 U
could reliably predict major adverse events, it might overlook
patients with an IMR <40 U who are highly likely to benefit
from adjunctive therapy. In this study, Accul MR showed
good diagnostic performance in patients with STEMI with
a cutoff of 40 U. The optimal cutoff value to assess the long-
term prognosis needs to be further investigated in dedicated
studies.

Importantly, a dedicated assessment of coronary
microvasculature in the pathway can be an effective tool to
reduce symptoms and increase treatment satisfaction and
lead to a better quality of life (20). IMR can help medical
staff to determine whether microcirculation is the leading
cause of symptoms (41), predict periprocedural events
for planned PCI (42), and guide adjunctive therapy (29).
This study demonstrated that Accul MR derived from
angiography could be a valid and feasible alternative measure
to wire-based IMR. Although the potential of Accul MR
has not yet been fully evaluated, the study suggests that this
approach can play a role in the therapeutic pathway in the
catheterization laboratory.

The main limitation of this study is the relatively small
cohort size, which limits the interpretation and conclusions
that can be drawn. Secondly, the cutoff value in patients
with NSTEMI has not been defined in previous studies, and
we simply applied the same cutoff used for CCS. Thirdly,
IMR is a well-established index to identify CMD in patients
with STEMI, yet its value in patients with NSTEMI and
CCS has not been adequately validated. Thus, the ability
of AcculMR in NSTEMI and CCS needs to be confirmed
by further studies. A future large-scale, prospective study
assessing the prognostic value of AcculMR is warranted.

Conclusions

AcculMR is a pressure wire-free alternative to IMR,
offering an easy-to-use, reliable, and time-efficient way to
assess coronary microvascular disease in patients with both
CCS and ACS. Although further prospective investigation
is needed to assess its prognostic value, Accul MR holds
the potential to play a crucial role in risk stratification and
patient management during routine clinical practice.
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