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Background: The coronary angiography-derived index of microcirculatory resistance (calMR) is a novel
noninvasive method to assess coronary microvascular dysfunction (CMD). However, the association between
calMR and the prognosis of patients with dilated cardiomyopathy (DCM) is unclear. We aimed to explore
the role of the caIMR in evaluating the outcome of patients with DCM.

Methods: We consecutively and retrospectively enrolled patients with DCM in the Department of
Cardiology, the First Affiliated Hospital of Nanjing Medical University, Nanjing, China, from January
2013 to January 2018. The caIMR was calculated for eligible patients. The primary end point in this
study was composite events, including rehospitalization related to heart failure (HF), device implantation,
heart transplantation, or cardiac death. Patients were categorized into groups based on whether they had
composite events (the events and no-events groups), and differences in the baseline and end points between
these two groups were analyzed.

Results: A total of 95 eligible patients with DCM were enrolled in the study, 36 of whom had end point
events. The best cutoff values of the caIMR for the left anterior descending (LAD) artery, left circumflex
(LCX) artery, and right coronary artery (RCA) were >29.8 with an area under the curve (AUC) of 0.828,
>25.5 with an AUC of 0.720, and >29.7 with an AUC of 0.717, respectively (all P values <0.001). Patients
were then classified into the higher calMR group and the lower calMR group based on the cutoff value.
Kaplan-Meier analyses showed that patients with a higher calMR had increased cumulative risks of end
point events regardless of the cutoff values for the LAD, LCX, and RCA (all log-rank P values <0.001). After
adjustment for confounders, Cox regression analyses indicated that LAD-caIMR was an independent risk
factor for end point events in patients with DCM [hazard ratio (HR) =1.11; 95% CI: 1.06-1.16].
Conclusions: A higher calMR was significantly associated with the poor prognosis of patients with DCM.
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Introduction

Dilated cardiomyopathy (DCM), which is the third most
common cause of heart failure (HF) after coronary artery
disease (CAD) and hypertension, is the most frequent
form of primary myocardial disease. DCM is characterized
by ventricular dilation and systolic dysfunction induced
by diverse genetic and non-genetic causes (1). DCM is
linked to poor prognosis, and heart transplantation is
often required (2). In clinical practice, patients with HF
and cardiac enlargement tend to be diagnosed with DCM
when other possible etiologies are excluded (e.g., CAD,
hypertension, and valve diseases). Coronary angiography
is the first choice to identify ischemic heart disease in the
diagnostic work-up for the etiology assessment of DCM.
Nevertheless, coronary angiography can only determine
the ischemic myocardium caused by epicardial coronary
artery stenosis, and investigation of microvascular disease is
lacking in patients with DCM.

A few studies have demonstrated the presence of
coronary microvascular dysfunction (CMD) in patients with
DCM (3-7). The degree of CMD also has a direct impact
on the prognosis of the patient (3-5). Although several
techniques provide superior conditions for assessing CMD,
their limitations cannot be ignored. Coronary float velocity
reserve (CFVR) assessed using transthoracic doppler
echocardiography (T'TDE) is typically restricted to the left
anterior descending (LAD) artery area, and cardiovascular
risks are also elevated with the use of the stress dobutamine
examination (3,8,9). Limited availability, associated costs,
and lengthy procedure restrict the use of positron emission
tomography (PET) and cardiac magnetic resonance (CMR)
to evaluate myocardial blood flow (MBF) in routine clinical
practice (10).

The index of microvascular resistance (IMR), which
is defined as the minimum microcirculatory resistance to
peak blood flow through the target vessel, is a quantitative
and reproducible measure of CMD. In obtaining this
index, the operator simultaneously measures the distal
intracoronary pressure (Pd) and the mean conduction time
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(Tmn) of the intracoronary projectile saline injection by
means of a pressure guidewire in a state of maximal filling
of the myocardial microcirculation. The IMR value is
then obtained by multiplying Pd by Tmn. Adverse events
in patients with stable CAD can be predicted with IMR
(11,12). However, due to this approaches’ complexity, time-
consuming operation, and need for decongestant drugs, a
coronary angiography-derived index of microcirculatory
resistance (calMR) has been proposed for the physiological
evaluation of CMD. caIMR correlates well with traditional
wire-based IMR and can achieve an 85% accuracy in
diagnosis (13,14). For patients with ST-segment elevated
myocardial infarction in the acute postoperative period,
calMR was shown to be consistent with CMR in assessing
microvascular dysfunction (15).

We speculated that calMR is associated with the outcome
of the patients with DCM. Therefore, this diagnostic
study was conducted to assess the role of the calMR in
the prognosis of patients with DCM. We present the
following article in accordance with the STARD reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-1060/rc).

Methods
Study population

This retrospective and diagnostic study enrolled all
consecutive patients with DCM in the Department of
Cardiology, the First Affiliated Hospital of Nanjing
Medical University, Nanjing, China, from January 2013
to January 2018. The inclusion criteria of patients in this
study were as follows: (I) clinical evidence of congestion;
(II) an elevated level of B-type natriuretic peptide (BNP
>35 pg/mL) or N-terminal prohormone of B-type
natriuretic peptide (NT-proBNP >125 pg/mL) (16);
(IIT) echocardiographic left ventricular diameter of diastole
(LVDd) >55 mm for males and LVDd >50 mm for females;
(IV) reduced left ventricular systolic function defined
by left ventricular ejection fraction (LVEF) <45% (17),
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and (V) normal or near normal coronary artery (<30%
diameter stenosis) confirmed by coronary angiography.
The exclusion criteria of patients were as follows: (I) a poor
coronary angiogram that affected the calMR calculation,
including a blurry coronary angiography image, coronary
arteries in fewer than two angiographic positions, or twisted
and overlapped coronary arteries; and (II) coronary heart
disease, hypertensive heart disease, rheumatic heart valve
disease, myocarditis, etc.

The present study complied with the Helsinki
Declaration (as revised in 2013) and was endorsed by the
local institutional ethics committee of the First Affiliated
Hospital of Nanjing Medical University. All patients
provided written informed consent.

Measurement of the caIMR

The calMR (Rainmed Ltd., Suzhou, China) was calculated
by a skilled operator who was blind to the clinical data. In
order to accurately obtain the length of target vessels, two
angiographic images of the target vessels with a projection
angle >30° were used to rebuild a 3-dimensional vessel.
Invasive aortic blood pressure was reviewed and input into
the console. The calMR was measured with FlashAngio
software (Rainmed Ltd.) with a proprietary fluid dynamic
algorithm that was described earlier (13). The formula of
caIMR calculation was as follows: calMR = Pd,, x (L/K x
Viiastole), Where Pdy, is the mean invasive blood pressure,
L is the length of the target vessel measured through a
3-dimensional vessel’s model, V. is the mean coronary
flow velocity assessed by the frame counts, and K is a
constant (K equals 2.1). The feasibility and high accuracy
of calMR measurement are well-established (16). We also
recorded the coronary angiography-derived fractional
flow reserve (caFFR) from the FlashAngio system. The
evaluation of caFFR was conducted as described in a
previous study (18).

End point and follow-up

The study end point was composite events including
HF-related rehospitalization, device implantation, heart
transplantation, and cardiac death during the follow-up.
Criteria for HF rehospitalization were a significant elevation
of BNP levels, typical dyspnea, the presence of wet rales
in the lungs, decreased blood oxygen saturation (<95%),
and, particularly, the use of intravenous diuretics. Device
implantation included cardiac resynchronization therapy
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(CRT) and CRT with a defibrillator. Patients were followed
up through outpatient visits, inpatient chart reviews, and/or
telephone interviews. The end point events were confirmed
by reviewing medical records or contacting patients, their
family members, and/or their physicians.

Statistical analysis

The Kolmogorov-Smirnov test was used to determine the
distribution of numerical data. Variables with a normal
distribution are presented as the mean = standard deviation
and compared using the independent samples #-test.
Variables with skewed distribution are reported as the
median with interquartile range (IQR) and were compared
using the nonparametric Mann-Whitney test. Categorical
variables are calculated using counts and percentages and
were assessed using the chi-squared test or Fisher exact test
as appropriate. For variables with a normal or nonnormal
distribution, the Pearson R correlation coefficients
and Spearman rank correlation coefficients were used,
respectively, to analyze the correlation between the calMR
among three vessels. Based on the data collection results,
the threshold of the calMR was further explored. The
receiver operating curve (ROC) analysis was used to identify
the best cutoff value of the calMR to predict the end points.
Then, patients were divided into two groups according to
the threshold of the calMR. The cumulative incidence was
estimated with the Kaplan-Meier method and compared
between the higher calMR and lower calMR groups using
the log-rank test. Cox proportional hazards models were
adopted to calculate the hazard ratios (HRs) of the calMR
for the primary end point. The covariates in this model
included age, N'T-proBNP, atrial fibrillation, LVDd, the
use of beta-blockers, and the use of angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers (ACEL/
ARB). Clinical information and end point composite
event results were unavailable to those conducting the
experiment. A 2-sided P value <0.05 was considered
statistically significant. All analyses were performed using R
version 4.0.5 (The R Foundation for Statistical Computing,
Vienna, Austria) and SPSS 25.0 (IBM Corp, Armonk, NY,
USA).

Results

Figure 1 shows the flowchart of this study. A total of
683 patients with DCM were initially screened, and 95
patients satisfied the inclusion criteria and were finally
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DCM patients with potential eligibility
N=683
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Blurry CAG images (n=10)

A

Y

DCM patients intended for calMR
assessment
N=145

Twisted or overlapped coronary images (n=8)
Single angiographic position (n=32)

A

Y

DCM patients completed calMR
assessment
N=95

Y

Follow-up
N=95

Y Y

Events group

No-events group

(n=36) (n=59)

Figure 1 A flowchart of the study. DCM, dilated cardiomyopathy; CAG, coronary angiography; calMR, coronary angiography-derived

index of microcirculatory resistance.

enrolled in this study. During a median follow-up time of
43.2 months, 36 end point events occurred. Patients were
then divided into the event group and the nonevent group
for comparisons of baseline characteristics.

Baseline characteristics of the study population

As shown in Table 1, more patients in the nonevent group
used a beta-blocker (89.8% vs. 66.7%; P=0.005) and ACEL/
ARB (84.7% wvs. 66.7%; P=0.039). Patients in the event
group had a higher level of LDL-C (2.99+0.92 vs. 2.63+
0.65 mmol/L; P=0.024), calMR of the LAD artery (31.6+8.9
vs. 21.3£5.7; P<0.001), calMR of left circumflex (LCX)
artery (31.9+10.2 vs. 24.7+10.0; P=0.001), and calMR
of right coronary artery (RCA) (31.8+11.8 vs. 23.427.7;
P<0.001). No differences were found in age, history of
disease, or echocardiographic parameters.
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The threshold of the calMR in predicting the end points

Figure 2 shows the accuracy of the calMR of the LAD,
LCX, and RCA in predicting end points in patients with
DCM. The best cutoff value of the calMR of the LAD for
end points was >29.8, with an area under the curve (AUC)
of 0.828, a sensitivity of 63.9%, a specificity of 96.6%, a
positive predictive value (PPV) of 92.0%, and a negative
predictive value (NPV) of 81.4% (Table 2). The optimal
predictive value of the calMR of the LCX was >25.5 with
an AUC of 0.720 (P<0.001). Additionally, the threshold of
the calMR of the RCA to determine end points was >29.7
with an AUC of 0.717 (P<0.001).

Survival analysis based on the calVMIR

The median follow-up period of all patients was
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Variables Events group (n=36) No-events group (n=59) P value
Age (years) 64 [53, 68] 63 [50, 68] 0.890
Male, n (%) 30 (83.3) 43 (72.9) 0.241
Diabetes, n (%) 3(8.3) 11 (18.6) 0.237
Stroke, n (%) 1(2.8) 3(5.1) 1.000
Atrial fibrillation, n (%) 11 (30.6) 9(15.3) 0.076
Smoker, n (%) 25 (69.4) 29 (49.2) 0.053
SBP (mmHg) 11517 118+16 0.345
DBP (mmHg) 7411 70+11 0.186
NT-proBNP (pg/mL) 1,286 [766, 2,602] 1,143 [535, 2,360] 0.203
TC (mmol/L) 4.55+1.24 4.18+0.99 0.111
LDL-C (mmol/L) 2.99+0.92 2.63+0.65 0.024
FBG (mmol/L) 5.07 [4.62, 5.71] 5.27 [4.80, 5.83] 0.273
LAD (mm) 47.2+7.3 45.2+5.8 0.134
LVDs (mm) 57.9+10.0 58.0+9.3 0.952
LVDd (mm) 68.0+9.7 68.9+9.0 0.624
RAD (mm) 38.9+7.0 38.9+7.1 0.953
RVDd (mm) 40.1+8.6 37.1+8.6 0.106
LVEF (%) 32.3+7.3 33.1+7.7 0.615
Beta-blocker, n (%) 24 (66.7) 53 (89.8) 0.005
ACEI/ARB, n (%) 24 (66.7) 50 (84.7) 0.039
LAD-calMR 31.6+8.9 21.3+5.7 <0.001
LCX-calMR 31.9+10.2 24.7£10.0 0.001
RCA-calMR 31.8+11.8 23.4+7.7 <0.001

Data are expressed as n (%) or median [Q1, Q3] or mean + standard deviation. SBP, systolic blood pressure; DBP, diastolic blood pressure;
NT-proBNP, N-terminal prohormone of B-type natriuretic peptide; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; FBG,
fast blood glucose; LAD, left atrial diameter; LVDs, left ventricular diameter of systole; LVDd, left ventricular diameter of the diastole; RAD,
right atrial diameter; RVDd, right ventricular diameter of the diastole; LVEF, left ventricular ejection fraction; ACEI, angiotensin-converting
enzyme inhibitor; ARB, angiotensin receptor blockers; LAD-calMR, coronary angiography-derived index of microcirculatory resistance for
left anterior descending artery; LCX-calMR, coronary angiography-derived index of microcirculatory resistance for left circumflex artery;
RCA-calMR, coronary angiography-derived index of microcirculatory resistance for right coronary artery.

43.2 months, and 36 (37.9%) patients had their end
point during this period. Specifically, there were 22 HF-
related rehospitalizations, 6 device implantations, 1 heart
transplantation, and 7 deaths. When patients were divided
into the higher calMR and lower calMR groups according
to the cutoff value of each coronary artery, Kaplan-Meier
analysis showed that patients with a higher calMR had
an increased cumulative risk of an end point regardless of
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the cutoff values of the LAD, LCX, and RCA (Figure 3;
all log-rank P values <0.001). Furthermore, we evaluated
the differences in each component of the end points in the
higher calMR and lower calMR groups stratified by the 3
coronary arteries (Figure S1). We found that patients with
a higher calMR had a greater frequency of HF-related
rehospitalization (all P values <0.001). There were no
differences in device implantation, heart transplantation, or
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death between the groups.

Effect of the caIMR on the end points

The use of beta-blockers, atrial fibrillation, LAD-caIMR,
LCX-caIMR, and RCA-calMR were significantly associated
with the end points of patients with DCM in the unadjusted
model. After adjustment for confounders, LAD-calMR
remained significant in predicting adverse outcomes in

patients with DCM, indicating that LAD-calMR was an

100
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Figure 2 ROC analyses of the calMR for the primary end
point. LAD-calMR, coronary angiography-derived index
of microcirculatory resistance for left anterior descending
artery; LCX-caIMR, coronary angiography-derived index of
microcirculatory resistance for left circamflex artery; RCA-calMR,
coronary angiography-derived index of microcirculatory resistance

for right coronary artery; ROC, receiver operating characteristic.

Table 2 Predictive value of the caIMR for end points

Li et al. Role of the calMR in the prognosis of patients with DCM

independent predictor for primary end points. Each 1 unit
raised in LAD-caIMR contributed to an 11% increased risk
of primary end points (7zble 3; HR =1.11, 95% CI: 1.06—
1.16).

Consistency of the caIMR among the LAD, LCX, and RCA

regions

In order to explore the relationships between the calMR
values among the 3 coronary artery regions, we used a pie
chart (Figure 4) and scatter plots (Figure 5) to compare the
values of the calMR in the three vessels. We divided the
calMR into high and low groups based on the cutoff values
of each vessel from the ROC analyses. Figure 4 shows the
distribution of the eight categories. The consistency with
high-high-high and low-low-low accounted for 36.38%
and 10.11% of total distribution of the calMR among the
three vessels, respectively. An almost 50% inconsistency
of the calMR was observed in 3 coronary artery domains.
Furthermore, Figure 5 shows the correlations among the
three vessels based on scatter plots. These findings showed
a moderate correlation for each artery (R for LAD: 0.409; R
for LCX: 0.461; R for RCA: 0.413; P<0.001).

Discussion

This study is the first to assess the impact of coronary
microvascular function on patients with DCM using the
calMR. The primary conclusion of our study was that
calMR could be a good predictor of adverse effects in
patients with DCM. This new finding suggests that the
measurement of the calMR may provide an objective
method of risk stratification for patients with DCM.
Histological examination of the hearts of patients with
DCM shows unequal interstitial fibrosis, degenerated
cardiomyocytes, and dilated heart chambers as the main

Index Positive threshold AUC Sen (%) Spe (%) PPV (%) NPV (%) P value
LAD-calMR >29.8 0.828 63.9 96.6 92.0 81.4 <0.001
LCX-calMR >25.5 0.720 75.0 64.4 56.3 80.8 <0.001
RCA-calMR >29.7 0.717 61.1 81.4 66.7 77.4 <0.001

calMR, coronary angiography-derived index of microcirculatory resistance; LAD-calMR, coronary angiography-derived index of
microcirculatory resistance for left anterior descending artery; LCX-calMR, coronary angiography-derived index of microcirculatory
resistance for left circumflex artery; RCA-calMR, coronary angiography-derived index of microcirculatory resistance for right coronary
artery; AUC, area under the curve; Sen, sensitivity; Spe, specificity; PPV, positive predictive value; NPV, negative predictive value.
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Figure 3 Kaplan-Meier curves comparing the differences of cumulative risk of the primary end point in patients with DCM based on the
caIMR. (A) Kaplan-Meier curves of patients with DCM according to the results of the LAD-caIMR. (B) Kaplan-Meier curves of patients
with DCM according to the results of the LCX-caIMR. (C) Kaplan-Meier curves of patients with DCM according to the results of the
RCA-caIMR. LAD-caIMR, coronary angiography-derived index of microcirculatory resistance for left anterior descending artery; LCX-

caIMR, coronary angiography-derived index of microcirculatory resistance for left circumflex artery; RCA-caIMR, coronary angiography-

derived index of microcirculatory resistance for right coronary artery; DCM, dilated cardiomyopathy.

pathological disorders of this disease (19). Myocardial
ischemia was not previously assumed to play a role in the
progression of the disease because it contains anatomically
normal epicardial coronary arteries. However, rapidly
evolving microcirculation assessment techniques, such as
TTDE, CMR, and PET, have provided powerful support
to conflict with traditional perceptions (20,21). Previous
coronary endothelial dysfunction studies have shown that
vascular abnormalities are closely related to myocardial

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

fibrosis in patients with DCM (22). These studies indicated
that DCM is also associated with vascular dysfunction
for development and progression and represents a major
predictor of adverse events even in the absence of CAD.
However, current methods for assessing microcirculation in
DCM are not suitable for large-scale clinical development.
As a result, an ideal assessment method for assessing the
severity of the disease and determining a worse prognosis
may be useful for making treatment decisions.
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Table 3 Unadjusted and adjusted Cox regression analyses of the caIMR for outcomes in patients with DCM

Unadjusted analysis

Adjusted analysis

Variables

HR (95% Cl) P value HR (95% ClI) P value
Age 1.00 (0.97-1.04) 0.744 1.01 (0.98-1.05) 0.478
NT-proBNP 1.00 (1.00-1.00) 0.142 1.00 (1.00-1.00) 0.004
AF 2.21 (1.08-4.54) 0.031 2.17 (0.96-4.96) 0.061
LvDd 0.99 (0.96-1.03) 0.710 1.04 (1.00-1.09) 0.064
Beta-blockers 0.39 (0.20-0.79) 0.008 0.52 (0.24-1.13) 0.098
ACEI/ARB 0.56 (0.28-1.12) 0.102 0.63 (0.29-1.35) 0.231
LAD-calMR 1.11 (1.07-1.15) <0.001 1.11 (1.06-1.16) <0.001
LCX-calMR 1.04 (1.01-1.06) 0.003 0.99 (0.95-1.03) 0.591
RCA-calMR 1.05 (1.02-1.07) 0.001 1.04 (1.00-1.07) 0.053

calMR, coronary angiography-derived index of microcirculatory resistance; DCM, dilated cardiomyopathy; NT-proBNP, N-terminal
prohormone of B-type natriuretic peptide; AF, atrial fibrillation; LVDd, left ventricular diameter of the diastole; ACEI, angiotensin-converting
enzyme inhibitor; ARB, angiotensin receptor blockers; LAD-calMR, coronary angiography-derived index of microcirculatory resistance for
left anterior descending artery; LCX-calMR, coronary angiography-derived index of microcirculatory resistance for left circumflex artery;
RCA-calMR, coronary angiography-derived index of microcirculatory resistance for right coronary artery; HR, hazard ratio; Cl, confidence

interval.

high-high-high

= high-low-high

= high-high-low
high-low-low

= low-high-high

* low-low-high
low-low-low

= low-high-low

36.38%

Figure 4 Distribution of the calMR among the 3 vessels. calMR,

coronary angiography-derived index of microcirculatory resistance.

In addition to the above-mentioned methods, existing
literature has demonstrated the convenience of IMR as
a standard for identifying microvascular damage (23).
However, due to the increased procedural time, procedural
costs, complexity of wire-derived IMR, and other factors
affecting the results, IMR has not been extensively
used in clinical diagnosis and therapy (24,25). With the
development of computational fluid dynamics technology,

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

calMR, a type of imaging-derived functional indicator, has
advanced the evaluation of CMD. It is well documented
that calMR has excellent diagnostic accuracy and
consistency with CMR and traditional IMR for patients
with ST-segment elevation myocardial infarction (STEMI)
(13,14). Furthermore, calMR is capable of predicting the
risk of cardiac death and the readmission rate for patients
with STEMI after they undergo percutaneous coronary
intervention (PCI) (26,27). For myocardial infarction with
non-obstructive coronary arteries (MINOCA), CMD has
also been widely identified and can be detected in 30-56%
of those patients treated in a catheterization laboratory
(28,29). The prognostic value of the calMR based on cutoff
values also has clinical importance, with the best cutoff
being >43 U (30). However, the predictive value of the
calMR in DCM is unclear. Our findings showed that the
calMR was significantly high in patients with DCM, and
higher levels of LAD-caIMR (>29.8 U) were linked to lower
survival rates, providing further support for the clinical
importance of the calMR in diagnosing and treating DCM.

Currently, the range of normal values for calMR is
inconclusive. As the calMR was in good agreement with
IMR, we may be able to derive the corresponding trends in
the calMR from the changes in IMR. Melikian ez a/. (31)
analyzed 101 cases of epicardial coronary lesions and found
that the normal value of IMR should be less than 25. The
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Figure 5 Correlation of the calMR among the 3 vessels. LAD-
calMR, coronary angiography-derived index of microcirculatory
resistance for left anterior descending artery; LCX-calMR,
coronary angiography-derived index of microcirculatory resistance
for left circumflex artery; RCA-calMR, coronary angiography-
derived index of microcirculatory resistance for right coronary

artery.

average IMR of patients with normal coronary angiograms
found in a study of Europeans was 19+5, while that of a
normal Chinese population reported by Luo ez a/. (32) was
18.8+5.6.

Previous studies have demonstrated that the IMR of
diseased vessels in patients with STEMI may be generally
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greater than 40 (26,27). For patients with MINOCA, an
IMR greater than 43 is a key risk stratification indicator (30).
The elevated calMR shows the presence of CMD and
myocardial ischemic charge. To our knowledge, ours
is the first study to assess the role of the calMR in the
DCM population. LAD-caIMR >29.8 was found to be an
independent influencing factor of poor prognosis in our
study. As for the reasons for the lower calMR values in
patients with dilated heart disease compared to those with
myocardial infarction, we speculate that this may be due to
poor myocardial perfusion caused by a greater number of
plaque remnants and degree of thrombus dislodging into
the distal microvasculature. In this study, we used offline
calMR assessments, so intracoronary nitroglycerin was
not administered prior to angiography, which might be
more biased compared to online calMR. However, a study
using offline calMR to estimate the accuracy of the calMR
indicated that offline calMR had excellent consistency
with wire-based IMR, with an AUC of 0.919 (13). We
surmised that the offline calMR used in our study is capable
of assessing CMD. In our study, there was a significantly
higher level of low-density lipoprotein-cholesterol
(LDL-C) in the event group than in the nonevent group.
Atorvastatin has been reported to be effective in improving
the performance of LVEF, inhibiting inflammation,
and alleviating endothelium damage and endothelial
dysfunction, which helps improve CMD in patients with
DCM (33,34). Lovastatin was also shown to improve
endothelial dysfunction and cellular cross-talk in DCM (35).
We observed higher use of ACEI/ARB and beta-blockers
in the no-events group, which might have been due to their
positive effect on microcirculation as reported in previous
studies (36,37).

ACEI/ARB beneficially influences cardiac function
through mechanisms that improve CMD), including
anti-inflammatory effects and anti-oxidative stress,
strengthening both endothelial and microvascular function
and rebalancing sympathetic dysregulation. Beta-blockers
with vasodilatory effects improve the left ventricular filling
pressure. Although ACEI and beta-blocker usage was
lower in the events group and the protective effect of beta-
blockers was confirmed with univariate regression, LAD-
IMR remained strongly associated with adverse events
after these variables were adjusted for, suggesting that
high LAD-IMR remains an independent factor of poor
prognosis in patients with DCM. Other reasons explaining
the lower calMR in patients with DCM were attributed to
the lack of ischemia-reperfusion injury caused by PCI after
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vessel opening, which could have led to the destruction of
the microcirculation compared in contrast to myocardial
infarction.

We maintain a positive outlook on the treatment of
CMD in patients with DCM. In addition to the drugs and
devices commonly used in clinical practice, it has been
reported that transplantation of CD34 (+) stem cells can
promote the formation of new blood vessels in ischemic
tissue by immediately incorporating cells brought into
the creating vascular system or using producing and
secreting angiogenic cytokines (38,39). Inhibitors of cyclic
nucleotide phosphodiesterase PDE3 with vasodilatory
actions may also be considered an adjunct therapy for
DCM (40). Vascular endothelial growth factor B (WVEGF-B)
gene therapy also demonstrated its intracoronary
cytoprotective function in a preclinical animal model of
DCM (41). Furthermore, we noticed that the corrected
thrombolysis in the myocardial infarction frame count
(CTFC) correlated well with the caIMR and had a strong
predictive power to identify CMD (42). We look forward
to the development of more precise and convenient
treatment tools for patients with CMD (42).

Several limitations of this study should be noted.
First, the retrospective, single-center design possibly
generated bias. Second, the main rationale for using CMR
is to exclude confusing diagnoses, but this approach was
rarely used in our study, which might have affected the
accuracy of the diagnosis of DCM. It would be intriguing
to explore the relationship between myocardial fibrosis
and microcirculatory disorders. CMR is a promising tool
for estimating myocardial fibrosis in DCM in clinical
practice (43). However, we were not able to explore the
relationship between CMD and fibrosis because the
study contained a limited amount of cardiac MR data.
A prospective cohort study is required to trace the time
sequence of the myocardial fibrosis and CMD during
a long-term follow-up in DCM. Doing so could better
determine whether CMD is a side-effect of fibrosis or a
potential pathophysiologic link in CMD-induced DCM.
Finally, the caIMR was measured using blood pressure and
coronary flow at rest, which might have biased the results
from the invasive wire-based IMR using adenosine at
hyperemia.

Conclusions

The caIMR was significantly associated with a poor
prognosis in patients with DCM. Active assessment of the
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calMR in patients with DCM may help in improved risk
stratification and targeted treatment.
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Supplementary

LAD-calMR <29.8 (n=70) LAD-calMR >29.8 (n=25) P value
Composite end points 13 (18.6) 23 (92.0) <0.001
HF-rehospitalization 1(1.4) 21 (84.0) <0.001
Device implantation 6(9.2) 0(0.0) 0.335
Heart transplantation 1(1.5) 0(0.0) 1.000
Death 5(7.1) 2(8.0) 1.000

Composite end points
HF-rehospitalization
Device implantation
Heart transplantation

Death

Composite end points
HF-rehospitalization
Device implantation
Heart transplantation

Death

LCX-calMR <25.5 (n=47)
9(19.1)
3(6.4)
3(6.4)
0(0.0)

3(6.4)
RCA-calMR <29.7 (n=62)
14 (22.6)

7(11.3)

4(6.5)

0(0.0)

4(6.5)

27 (56.3)
19 (39.6)
3(6.3)
1(@2.1)
4(8.3)

22 (66.7)
15 (45.5)
2(6.1)
1(3.0)
3(9.1)

LCX-calMR >25.5 (n=48)

<0.001

<0.001

1.000

1.000

1.000

RCA-calMR >29.7 (n=33)

<0.001

<0.001

1.000

0.347

0.691

Figure S1 Clinical outcome stratified by the caIMR of 3 coronary arteries. HE, heart failure; LCX-caIMR, coronary angiographic index

of microcirculatory resistance for left circumflex artery; RCA-caIMR, coronary angiographic index of microcirculatory resistance for right

coronary artery.
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