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a b s t r a c t
Background: Although myocardial interstitial ﬁbrosis has been considered to play a pathogenic role
in chronic heart failure (HF), the role of perivascular ﬁbrosis, another form of ﬁbrosis, remains to be
elucidated.
Methods: We examined 64 consecutive patients with non-ischemic HF caused by hypertrophic cardiomyopathy (HCM, n = 16), hypertensive heart disease (HHD, n = 11), or dilated cardiomyopathy (DCM,
n = 37), diagnosed by both cardiac catheterization and endomyocardial biopsy (right ventricular side of
the interventricular septum) in the Tohoku University Hospital between January 2001 and April 2009.
We calculated the collagen volume fraction (CVF) and perivascular ﬁbrosis ratio (PFR) in biopsy samples
and also examined Thrombolysis in Myocardial Infarction (TIMI) frame count to evaluate coronary blood
ﬂow.
Results: There was no signiﬁcant correlation between CVF and PFR (r2 = 0.0007). Although CVF was comparable among HCM, HHD, and DCM (1.11 ± 1.04, 1.89 ± 1.61, and 1.41 ± 1.48, respectively), PFR was
signiﬁcantly higher in HCM than in DCM (1.78 ± 1.09 vs. 1.23 ± 0.44, p < 0.05). PFR was not correlated
with cardiac function parameters, such as left ventricular (LV) ejection fraction, cardiac output, LV enddiastolic pressure, LV end-diastolic volume, aortic pressure, or pulmonary artery pressure. However, PFR
was signiﬁcantly correlated with coronary ﬂow in the left anterior descending coronary artery (as evaluated by TIMI frame count) (r2 = 0.3351, p < 0.0001, in all-cases combined population), but not with that in
the left circumﬂex or right coronary artery. This correlation remained signiﬁcant in a logistic regression
model tested in 7 variables (body mass index, PVR, CVF, presence of hypertension, dyslipidemia, diabetes
mellitus, and atrial ﬁbrillation).
Conclusions: These results indicate that coronary perivascular ﬁbrosis is associated with the impairment
of coronary blood ﬂow although not associated with interstitial ﬁbrosis or cardiac function, suggesting
that it can be a new therapeutic target to improve coronary microcirculation.
© 2012 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Introduction
Chronic heart failure (HF) is a complex clinical syndrome that
can result from any structural or functional cardiac disorders,
including coronary artery disease, hypertensive heart disease,
myocardial disease, and valvular heart disease [1], where not only
HF with reduced ejection fraction (HFrEF) but also HF with preserved ejection fraction (HFpEF) are substantially involved [2–4].
Indeed, HFrEF and HFpEF respectively account for approximately
half of chronic HF patients [5–8].
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In HF patients, coronary ﬂow reserve is impaired during the
acute phase of HF and is strongly correlated with mortality [9,10].
Coronary microvascular dysfunction has been recognized as an
important contributor to impaired coronary blood ﬂow [11], which
occurs not only in coronary artery disease, but also in various
myocardial diseases, such as hypertension, hypertrophic cardiomyopathy (HCM) and inﬁltrative heart disease (e.g. Anderson–Fabry
cardiomyopathy) [11]. Also, it has been reported that myocardial diseases are associated with abnormal coronary microvascular
structures such as thickened wall and proliferation of vascular smooth muscle cells [11]. However, the correlation between
organic and functional coronary microvascular abnormalities has
not been well documented.
Thrombolysis in Myocardial Infarction (TIMI) frame count is a
simple, objective, and quantitative index of coronary blood ﬂow,
and has been reported to increase not only in myocardial infarction
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[12], but also in coronary microvascular dysfunction [11,13–15]. It
is important to exclude the contribution of organic coronary artery
disease when evaluating coronary blood ﬂow and microvascular
dysfunction in HF patients. In the present study, we thus aimed to
examine the impact of perivascular ﬁbrosis on coronary microvascular dysfunction in patients with chronic and non-ischemic HF by
using TIMI frame count.
Methods
The ethical committees of Tohoku University Hospital approved
the study protocol and all patients provided written informed consent.
Study subjects
We examined 132 consecutive patients with stages B/C/D
chronic HF deﬁned by the American College of Cardiology/American Heart Association 2005 Guidelines [1,4], caused by
non-ischemic HF, including hypertrophic cardiomyopathy (HCM,
n = 45), hypertensive heart disease (HHD, n = 25), or dilated cardiomyopathy (DCM, n = 62) enrolled in our database, who were
hospitalized at our hospital and underwent both cardiac catheterization and endomyocardial biopsy (right ventricular side of the
interventricular septum) to diagnose the etiology of HF from
January 2001 to April 2009. In the present study, 68 out of the 132
patients were excluded; 66 for the absence of coronary arteries in
the biopsy samples and 2 for signiﬁcant coronary artery disease.
Finally, we enrolled the remaining 64 patients, including 16 HCM,
11 HHD, and 37 DCM patients.
Data collection
Baseline demographic data, hemodynamic data obtained by
catheterization, medications, and comorbidities (hypertension,
diabetes mellitus, dyslipidemia, and atrial ﬁbrillation) were
obtained from their medical records. Hypertension was diagnosed
by the use of antihypertensive drugs and/or systolic blood pressure
≥130 mmHg and/or diastolic blood pressure ≥80 mmHg. Diabetes
mellitus was diagnosed by the use of anti-diabetic drugs, fasting
glucose ≥110 mg/dl, and/or glucose ≥200 mg/dl 2 h after a 75 g oral
glucose tolerance test. Dyslipidemia was diagnosed by the use of
lipid-lowering drugs and/or elevated lipid levels, deﬁned as plasma
low-density lipoprotein (LDL) cholesterol ≥140 mg/dl, triglycerides ≥150 mg/dl, or high-density lipoprotein (HDL) <40 mg/dl.
The hemodynamic parameters obtained by cardiac catheterization
included left ventricular ejection fraction (LVEF), LV end-diastolic
volume index (LVEDVI), aortic pressure (AoP), LV end-diastolic
pressure (LVEDP), pulmonary artery pressure (PAP), pulmonary
capillary wedge pressure (PCWP), cardiac output (CO) and cardiac
index (CI). Before cardiac catheterization, we measured serum levels of hemoglobin, brain natriuretic peptide (BNP), creatinine, and
high-sensitivity C-reactive protein (hsCRP), and estimated creatinine clearance (eGFR) by Cockroft–Gault formula.
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ratio (PFR) (Fig. 1). PFR was deﬁned as the area of perivascular
ﬁbrosis divided by the area of the vascular wall, averaged over all
quantiﬁable images of arteries taken from a section [17] (mean,
1.72 ± 0.84 quantiﬁable images of arteries). All histological evaluation was performed by a single well-trained observer without
knowing whose samples were analyzed.
Determination of delayed enhancement on cardiac magnetic
resonance imaging
Out of the 64 patients enrolled, 27 also underwent cardiac
magnetic resonance (CMR) imaging using a 1.5-T CMR system
(Siemens Magnetom, Erlangen, Germany). Delayed enhancement
images captured 15 min after intravenous injection of gadolinium
were used to determine the presence of delayed enhancement
[18–20].
Evaluation of coronary blood ﬂow
Coronary blood ﬂow was quantiﬁed by a single well-trained
observer in a blind manner, using TIMI frame count (TFC) method
[12]. TFC was determined separately for the left anterior descending
(LAD) and circumﬂex coronary artery (LCx), and the right coronary artery (RCA), according to the method described by Gibson
et al. [12]. We calculated corrected TFC (CTFC) for LAD by dividing TFC by 1.7, in order to adjust that for LCx and RCA [12]. All
coronary angiograms were obtained before endomyocardial biopsy
at a speed of 15 frames/s. To be universally comparable, TFCs and
CTFCs were converted to a frame acquisition rate of 30 frames/sec
by multiplying by 2.0 [15].
Statistical analysis
Continuous variables were presented as mean ± SD. Comparison
of 2 groups was made by unpaired t-test for continuous variables
and Pearson’s chi-square test for categorical variables. Comparison
among 3 groups was made by ANOVA test. A multivariate analysis
was conducted to examine the effectors of CTFC for LAD, using a
logistic regression model, in which the following were included as
variables: body mass index (BMI), PFR, CVF, and the presence of
comorbidities (hypertension, dyslipidemia, diabetes mellitus, and
atrial ﬁbrillation). A p-value less than 0.05 was considered to be
statistically signiﬁcant.
Results
Patient characteristics
There were no statistically signiﬁcant differences among the 3
groups in age, gender, or BMI (Table 1). Expectedly, the prevalence
of hypertension was signiﬁcantly higher in the HHD group compared with the other 2 groups (Table 1). The DCM group had a higher
prevalence of atrial ﬁbrillation than the HCM group (Table 1). LVEF
was the highest in the HCM group (Table 1).

Histological analysis of biopsy samples
Coronary perivascular ﬁbrosis and myocardial interstitial ﬁbrosis
The acquisition, ﬁxation, and staining of myocardial biopsy samples was previously described [16]. Collagen volume fraction (CVF),
as an index of myocardial interstitial ﬁbrosis, was calculated and
averaged in representative ﬁelds containing no endocardium or
blood vessel, as previously described [16].
Furthermore, we have analyzed images of the stained sections using ImageJ 1.45 s (W. Rasband, NIH, Bethesda, MD, USA,
http://imagej.nih.gov/ij/, 1997–2012, 400×) to determine perivascular ﬁbrosis around arteries, expressed as perivascular ﬁbrosis

Although there was no signiﬁcant difference in myocardial
interstitial CVF among the 3 groups (Fig. 2A), PFR was signiﬁcantly
more severe in the HCM group than in the DCM group (Fig. 2B). No
correlation was observed between CVF and PFR in all-cases combined population (Fig. 2C) or in each group (Fig. 2D–F). Of the 27
patients who underwent CMR, 16 presented delayed enhancement
and PFR was comparable between the patients with and those without delayed enhancement (1.18 ± 0.67 vs. 1.55 ± 0.78, p = 0.21).
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Fig. 1. Representative histology of perivascular ﬁbrosis. Perivascular ﬁbrosis in hypertrophic cardiomyopathy (HCM) (left), hypertensive heart disease (HHD) (middle), and
dilated cardiomyopathy (DCM) (right) patients, stained in blue by Elastica–Masson staining. Scale bar, 50 m.

Coronary perivascular ﬁbrosis and cardiac function

Perivascular ﬁbrosis and TIMI frame count

PFR was not signiﬁcantly correlated with LVEF (r2 = 0.0003,
p = 0.90), CO (r2 = 0.0095, p = 0.45), LVEDP (r2 = 0.0042, p = 0.62),
LVEDV (r2 = 0.0019, p = 0.75), systolic and diastolic AoP (r2 = 0.0038,
p = 0.63; r2 = 0.0102, p = 0.43, respectively), systolic or diastolic PAP
(r2 = 0.0102, p = 0.43; r2 = 0.0072, p = 0.51, respectively), in all-cases
combined population as well as in each group. The prognosis was
comparable between mild and severe perivascular ﬁbrosis groups
(divided by the median of 1.255), for all-cause death (log-rank test,
p = 0.49) or cardiac events, including cardiac or sudden death and
admission for HF (log-rank test, p = 0.29), as was the case with
patient characteristics such as gender, age, BMI, comorbidities,
medication, and laboratory data (data not shown).

TFCs measured in each group are shown in Table 2. There were
no signiﬁcant differences among the 3 groups in each coronary
artery. Importantly, PFR was signiﬁcantly correlated with CTFCs for
LAD (Fig. 3A), but not with those for LCx or RCA (Fig. 3B and C). The
correlation between PFR and CTFC for LAD was also observed in
each group (Fig. 3D–F). Multivariate analysis was performed using
a logistic regression model to examine the difference between high
and low CTFC for LAD (divided by median of 21.18, with median
attributed into the lower group) with 7 comorbidities, demonstrating that only PFR and atrial ﬁbrillation were signiﬁcantly correlated
with CTFC for LAD (Table 3). PFR in patients with and without atrial
ﬁbrillation were comparable (1.42 ± 0.53 vs. 1.45 ± 0.91, p = 0.92).
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Fig. 2. Interstitial collagen volume fraction and perivascular ﬁbrosis ratio. (A) Interstitial collagen volume fraction (CVF) was not signiﬁcantly different among the 3 groups.
(B) Perivascular ﬁbrosis ratio (PFR) was higher in the HCM group than in the DCM group. (C) No correlation was observed between CVF and PFR in all-cases combined
population (r2 = 0.0007, p = 0.84), HCM (D), HHD (E), or DCM (F). HCM, hypertrophic cardiomyopathy; HHD, hypertensive heart disease; DCM, dilated cardiomyopathy.
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Fig. 3. Correlation between perivascular ﬁbrosis ratio and thrombolysis in myocardial infarction (TIMI) frame counts (TFC). (A) Signiﬁcant correlation was noted between
perivascular ﬁbrosis ratio (PFR) and corrected TIMI frame count (CTFC) for the left anterior descending coronary artery (LAD) in all study population (r2 = 0.3351, p < 0.0001),
but not for the left circumﬂex coronary artery (LCx) (B) (r2 = 0.0194, p = 0.27) or the right coronary artery (RCA) (C) (r2 = 0.0424, p = 0.11). A correlation between PFR and CTFCs
for LAD was also noted in each HCM (D), HHD (E), and DCM group (F), respectively. HCM, hypertrophic cardiomyopathy; HHD, hypertensive heart disease; DCM, dilated
cardiomyopathy.

Discussion
The novel ﬁndings of the present study are as follows: (1)
although interstitial CVF was comparable among the HCM, HHD,
and DCM groups, perivascular ﬁbrosis was more severe in the HCM
group than in the DCM group; (2) PFR was independent of CVF;
and (3) PFR was signiﬁcantly correlated with CTFC for LAD. To the
best of our knowledge, this is the ﬁrst report that demonstrates
the histopathological impact of perivascular ﬁbrosis of small coronary arteries on impaired coronary blood ﬂow in non-ischemic HF
patients. Thus, the present results suggest that impaired coronary
microcirculation could be caused not only by vascular remodeling,
endothelial dysfunction, and microvascular spasm [11,21], but also
by perivascular ﬁbrosis.
Coronary perivascular ﬁbrosis and interstitial myocardial ﬁbrosis
Several studies have shown that myocardial collagen content is
correlated with LV stiffness [22,23] and is involved in the progression of HF [24–26]. We also have recently demonstrated that CVF
is correlated with LVEDP in HFrEF and is an important predictor of
poor prognosis [16]. Previous studies using autopsy samples have
demonstrated that interstitial CVF was higher in HCM than in HHD
[27,28] and that ventricular ﬁbrosis in HCM is known to concentrate
in the ventricular septum, whereas it is equally distributed in the
septum and the LV free wall in HHD [27]. The present study demonstrates that interstitial CVF was comparable between HCM and
HHD, probably because our biopsy samples were obtained from the
ventricular septum. Compared with interstitial myocardial ﬁbrosis, not much attention has been paid to the possible importance of
perivascular ﬁbrosis in the pathogenesis of non-ischemic HF.
As demonstrated in the present study, neither CVF nor delayed
enhancement on CMR was correlated with perivascular ﬁbrosis.

Furthermore, no correlation was observed between PFR and cardiac
function such as LVEF, CO, or LVEDP. These results suggest that
coronary perivascular ﬁbrosis occurs independently of interstitial
myocardial ﬁbrosis or cardiac function.

Coronary perivascular ﬁbrosis and coronary blood ﬂow
TFC is a simple, effective and quantitative index of coronary
blood ﬂow that is able to detect coronary microvascular dysfunction [11–15]. The present study demonstrates for the ﬁrst time
the signiﬁcant correlation between PFR and CTFC for LAD, indicating that perivascular ﬁbrosis is substantially associated with the
impairment of coronary blood ﬂow in patients with non-ischemic
HF.
In the present study, PFR in biopsy samples from the septum
was associated with CTFC for LAD, but not TFC for LCx or RCA. This
ﬁnding appears to be reasonable as blood ﬂow in the septum is supplied mainly by LAD [29]. As the present study indicated, PFR in the
area supplied by LAD was signiﬁcantly associated with CTFC. Thus,
if we could examine PFR in the free walls supplied by LCx or RCA,
PFR in such areas might be associated with TFC in the corresponding areas. Conversely, this ﬁnding also suggests that the evaluation
of perivascular ﬁbrosis of the septum does not reﬂect that of the
whole heart.
In addition to PFR, the presence of atrial ﬁbrillation, which was
irrelevant to PFR, was also signiﬁcantly correlated with CTFC for
LAD, a consistent ﬁnding with the previous study that atrial ﬁbrillation was associated with increased coronary resistance and
impaired myocardial blood ﬂow [30]. The present study did not
show that hypertension, diabetes mellitus, and dyslipidemia were
related to CTFC for LAD, probably due to the limited number of
patients in the present study.
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Table 1
Patient characteristics.

Male gender
Age (years)
BMI (kg/m2 )
Hypertension
Diabetes mellitus
Dyslipidemia
Atrial ﬁbrillation
Medication
ACEI
ARB
␤-blocker
Diuretics
Spironolactone
Warfarin
CCB
Antiplatelet
Statin
Amiodarone
Laboratory data
Hemoglobin
(g/dl)
hsCRP (mg/dl)
BNP (pg/ml)
LDL (mg/dl)
HDL (mg/dl)
TG (mg/dl)
Glucose (mg/dl)
CCr (ml/min)
Hemodynamic data
LVEDVI (ml/m2 )
EF (%)
mAoP (mmHg)
LVEDP (mmHg)
mPAP (mmHg)
PCWP (mmHg)
Cardiac output
(L/min)
Cardiac index
(L min−1 m−2 )
Morphometric data
CVF (%)
PFR
All-cause death
Cardiac events
Cardiac or
sudden death
Admission for HF

HCM (n = 16)

HHD (n = 11)

DCM (n = 37)

13 (81)
55.9 ± 12.4
24.2 ± 4.0
5 (31)
2 (13)
2 (13)
1 (6)

8 (73)
53.4 ± 14.9
25.6 ± 4.8
11 (100)
5 (45)
3 (27)
1 (9)

27 (75)
55.5 ± 13.5
24.7 ± 4.2
17 (46)
6 (16)
10 (27)
14 (38)

Notes

6 (38)
2 (13)
10 (63)
0 (0)
2 (13)
2 (13)
7 (44)
4 (25)
0 (0)
0 (0)

6 (55)
8 (73)
9 (82)
3 (27)
1 (9)
2 (18)
6 (55)
4 (36)
1 (9)
0 (0)

22 (59)
13 (35)
26 (70)
21 (57)
11 (30)
18 (49)
4 (11)
10 (27)
9 (24)
4 (11)

14.4 ± 1.4

14.3 ± 1.9

14.3 ± 1.6

0.10 ± 0.14
218.7 ± 247.3
77.8 ± 62.8
56.7 ± 23.5
130.9 ± 91.9
94.5 ± 25.8
89.4 ± 34.4

0.15 ± 0.14
50.7 ± 33.9
89.7 ± 75.0
39.3 ± 9.4
143.9 ± 65.2
110.9 ± 19.5
95.5 ± 24.2

0.15 ± 0.17
240.6 ± 373.3
85.2 ± 74.8
42.0 ± 12.5
138.3 ± 74.4
106.4 ± 30.6
93.8 ± 37.7

72.5 ± 18.3
71.2 ± 10.1
103.8 ± 17.5
16.6 ± 5.7
19.9 ± 4.5
11.3 ± 6.2
4.7 ± 1.0

72.7 ± 19.0
54.4 ± 4.9
120.2 ± 19.7
10.3 ± 5.1
20.9 ± 7.0
9.3 ± 5.0
5.9 ± 1.7

111.8 ± 28.0
36.8 ± 11.8
98.8 ± 17.8
10.6 ± 4.1
18.9 ± 5.3
9.0 ± 5.3
4.6 ± 1.4

†,‡

2.7 ± 0.4

3.3 ± 0.6

2.7 ± 0.7

*,‡

1.11 ± 1.04
1.78 ± 1.09
1 (6)

1.89 ± 1.61
1.63 ± 1.20
0 (0)

1.41 ± 1.48
1.24 ± 0.45
2 (5)

†

0 (0)

0 (0)

2 (5)

2 (13)

0 (0)

3 (8)

*,‡
‡

†

*,‡

Table 3
Logistic regression model for factors of corrected thrombolysis in myocardial infarction frame count for the left anterior descending coronary artery.
Variables

p-Value

Odds ratio (95% CI)

Hypertension
Dyslipidemia
Diabetes mellitus
Atrial ﬁbrillation
Body mass index (kg/m2 )
PFR
CVF (%)

0.23
0.21
0.63
0.02
0.20
<0.002
0.81

5.78 (1.33–30.53)
3.28 (1.52–9.00) per 1.0 increase

95% CI, 95% conﬁdence interval; PFR, perivascular ﬁbrosis ratio; CVF, collagen volume fraction.

†

†
†,‡

†

*

*,†

*,†,‡
*,‡
*,†

Heart failure and coronary blood ﬂow
It has been reported that coronary blood ﬂow is impaired in
aortic valve diseases because coronary blood ﬂow depends on
hemodynamic changes [31] and that coronary blood ﬂow is determined by heart rate, peak stress, and ventricular performance in
cardiomyopathy with normal coronary angiogram [32]. Coronary
microvascular dysfunction has attracted much attention as a contributor to impaired coronary blood ﬂow in various etiologies of
HF [11]. The presence of microvascular dysfunction after acute
myocardial infarction is now considered to be an important prognostic factor [33]. Coronary ﬂow reserve, as an indicator of coronary
blood ﬂow, has been demonstrated to be impaired during acute
phase of HF, and to be strongly correlated with the mortality of HF
patients [9,10]. Thus, it is important to improve coronary blood ﬂow
in non-ischemic HF patients as well and to pay much attention to
perivascular ﬁbrosis as it is an important determinant of coronary
blood ﬂow.

*,‡

Results are presented as mean ± SD or n (%). ACEI, angiotensin-converting enzyme
inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BNP, brain
natriuretic peptide; CCB, calcium channel blocker; CCr, creatinine clearance; CVF,
collagen volume fraction; DCM, dilated cardiomyopathy; EF, ejection fraction; HCM,
hypertrophic cardiomyopathy; HDL, high-density lipoprotein; HF, heart failure;
HHD, hypertensive heart disease; hsCRP, high-sensitive C-reactive protein; LDL,
low-density lipoprotein; LVEDP, left ventricular end-diastolic pressure; LVEDVI,
left ventricular end-diastolic volume index; mAoP, mean aortic pressure; mPAP,
mean pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; PFR,
perivascular ﬁbrosis ratio; TG, triglyceride.
*
p < 0.05, HCM vs. HHD.
†
p < 0.05, HCM vs. DCM.
‡
p < 0.05, HHD vs. DCM.
Table 2
Thrombolysis in myocardial infarction frame counts.
Coronary artery

HCM (n = 16)

HHD (n = 11)

DCM (n = 37a )

p-Value

LAD (corrected)
LCx
RCA

21.91 ± 5.48
29.63 ± 3.80
39.50 ± 15.22

22.78 ± 6.23
31.82 ± 8.55
34.72 ± 9.39

21.67 ± 3.87
33.30 ± 11.82
38.72 ± 14.64

n.s.
n.s.
n.s.

Results are presented as mean ± SD. HCM, hypertrophic cardiomyopathy; HHD,
hypertensive heart disease; DCM, dilated cardiomyopathy; LAD, left anterior
descending coronary artery; LCx, left circumﬂex coronary artery; RCA, right coronary
artery; n.s., not statistically signiﬁcant.
a
Data of LAD in one DCM case and that of RCA in another DCM case failed to be
obtained.

Study limitations
Several limitations should be mentioned for the present study.
First, coronary arteries in biopsy samples were partially crushed
during the procedure, which might have affected the quantitative analyses of perivascular ﬁbrosis, although we did not use
the lumen area for the present analysis. Furthermore, myocardial biopsy samples from healthy controls were not available for
apparent ethical reasons. Second, we only examined the role of
perivascular ﬁbrosis quantity but not its quality. Indeed, it has
been reported that not only the quantity but also the quality of
interstitial myocardial ﬁbrosis (e.g. cross-linking and type I/III collagen ratio) are important determinants of myocardial stiffness
[34–36]. Future studies are required to address this issue. Third,
we used TFC method to evaluate coronary blood ﬂow because we
did not directly evaluate coronary ﬂow velocity with a ﬂow wire.
This was based on the previous studies that TFC well represents
coronary ﬂow velocity [12,15,37,38]. Fourth, we were unable to
elucidate the mechanisms and factors related to perivascular ﬁbrosis. This issue should also be examined in future studies. Finally,
the present study was an observational study with a relatively
small number of patients. The relatively small numbers of all-cause
deaths and admissions (Table 1) prevented us from investigating
whether perivascular ﬁbrosis has a prognostic impact. This issue
also should be addressed in future studies with a large number of
patients, including the effects of drugs to modulate perivascular
ﬁbrosis.
In conclusion, we were able to demonstrate that coronary
perivascular ﬁbrosis is signiﬁcantly associated with impairment of
coronary blood ﬂow in non-ischemic HF patients. Thus, coronary
perivascular ﬁbrosis can be a new therapeutic target to improve
coronary microcirculation in HF.

Z. Dai et al. / Journal of Cardiology 60 (2012) 416–421

Disclosures
None.
Acknowledgments
This work was supported by the grant-in-aid (Nos. 19590803
and 21590884) from the Japanese Ministry of Education, Culture,
Sports, Science and Technology, Tokyo, Japan and the Japanese Ministry of Health, Labour, and Welfare, Tokyo, Japan (Nos. 08005713,
09158526).
References
[1] Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS, Ganiats TG, Jessup M, Konstam MA, Mancini DM, Michl K, Oates JA, Rahko PS, Silver MA,
Stevenson LW, Yancy CW. 2009 focused update incorporated into the ACC/AHA
2005 guidelines for the diagnosis and management of heart failure in adults:
a report of the American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines: developed in collaboration
with the International Society for Heart and Lung Transplantation. Circulation
2009;119:e391–479.
[2] Kitzman DW, Little WC, Brubaker PH, Anderson RT, Hundley WG, Marburger
CT, Brosnihan B, Morgan TM, Stewart KP. Pathophysiological characterization
of isolated diastolic heart failure in comparison to systolic heart failure. JAMA
2002;288:2144–50.
[3] Redﬁeld MM, Jacobsen SJ, Burnett Jr JC, Mahoney DW, Bailey KR, Rodeheffer
RJ. Burden of systolic and diastolic ventricular dysfunction in the community:
appreciating the scope of the heart failure epidemic. JAMA 2003;289:194–202.
[4] Miura Y, Fukumoto Y, Shiba N, Miura T, Shimada K, Iwama Y, Takagi A, Matsusaka H, Tsutsumi T, Yamada A, Kinugawa S, Asakura M, Okamatsu S, Tsutsui
H, Daida H, et al. Prevalence and clinical implication of metabolic syndrome in
chronic heart failure. Circ J 2010;74:2612–21.
[5] Cleland JG, Cohen-Solal A, Aguilar JC, Dietz R, Eastaugh J, Follath F, Freemantle N, Gavazzi A, van Gilst WH, Hobbs FD, Korewicki J, Madeira HC, Preda I,
Swedberg K, Widimsky J. Management of heart failure in primary care (the
IMPROVEMENT of Heart Failure Programme): an international survey. Lancet
2002;360:1631–9.
[6] Bhatia RS, Tu JV, Lee DS, Austin PC, Fang J, Haouzi A, Gong Y, Liu PP. Outcome
of heart failure with preserved ejection fraction in a population-based study.
N Engl J Med 2006;355:260–9.
[7] Shiba N, Watanabe J, Shinozaki T, Koseki Y, Sakuma M, Kagaya Y, Shirato K. Analysis of chronic heart failure registry in the Tohoku district: third year follow-up.
Circ J 2004;68:427–34.
[8] Shiba N, Nochioka K, Miura M, Kohno H, Shimokawa H. Trend of westernization
of etiology and clinical characteristics of heart failure patients in Japan—ﬁrst
report from the CHART-2 study. Circ J 2011;75:823–33.
[9] Neishi Y, Akasaka T, Tsukiji M, Kume T, Wada N, Watanabe N, Kawamoto T,
Kaji S, Yoshida K. Reduced coronary ﬂow reserve in patients with congestive
heart failure assessed by transthoracic Doppler echocardiography. J Am Soc
Echocardiogr 2005;18:15–9.
[10] Anantharam B, Janardhanan R, Hayat S, Hickman M, Chahal N, Bassett P,
Senior R. Coronary ﬂow reserve assessed by myocardial contrast echocardiography predicts mortality in patients with heart failure. Eur J Echocardiogr
2011;12:69–75.
[11] Camici PG, Crea F. Coronary microvascular dysfunction. N Engl J Med
2007;356:830–40.
[12] Gibson CM, Cannon CP, Daley WL, Dodge Jr JT, Alexander Jr B, Marble SJ, McCabe
CH, Raymond L, Fortin T, Poole WK, Braunwald E. TIMI frame count: a quantitative method of assessing coronary artery ﬂow. Circulation 1996;93:879–88.
[13] Sun H, Fukumoto Y, Ito A, Shimokawa H, Sunagawa K. Coronary microvascular dysfunction in patients with microvascular angina: analysis by TIMI frame
count. J Cardiovasc Pharmacol 2005;46:622–6.
[14] Zalewski J, Zmudka K, Musialek P, Zajdel W, Pieniazek P, Kadzielski A,
Przewlocki T. Detection of microvascular injury by evaluating epicardial
blood ﬂow in early reperfusion following primary angioplasty. Int J Cardiol
2004;96:389–96.
[15] Kunadian V, Harrigan C, Zorkun C, Palmer AM, Ogando KJ, Biller LH, Lord EE,
Williams SP, Lew ME, Ciaglo LN, Buros JL, Marble SJ, Gibson WJ, Gibson CM.
Use of the TIMI frame count in the assessment of coronary artery blood ﬂow
and microvascular function over the past 15 years. J Thromb Thrombolysis
2009;27:316–28.
[16] Aoki T, Fukumoto Y, Sugimura K, Oikawa M, Satoh K, Nakano M, Nakayama
M, Shimokawa H. Prognostic impact of myocardial interstitial ﬁbrosis in nonischemic heart failure—comparison between preserved and reduced ejection
fraction heart failure. Circ J 2011;75:2605–13.

421

[17] Higashi M, Shimokawa H, Hattori T, Hiroki J, Mukai Y, Morikawa K, Ichiki
T, Takahashi S, Takeshita A. Long-term inhibition of Rho-kinase suppresses
angiotensin II-induced cardiovascular hypertrophy in rats in vivo: effect on
endothelial NAD(P)H oxidase system. Circ Res 2003;93:767–75.
[18] Kim RJ, Wu E, Rafael A, Chen EL, Parker MA, Simonetti O, Klocke FJ, Bonow RO,
Judd RM. The use of contrast-enhanced magnetic resonance imaging to identify
reversible myocardial dysfunction. N Engl J Med 2000;343:1445–53.
[19] Kim RJ, Fieno DS, Parrish TB, Harris K, Chen EL, Simonetti O, Bundy J,
Finn JP, Klocke FJ, Judd RM. Relationship of MRI delayed contrast enhancement to irreversible injury, infarct age, and contractile function. Circulation
1999;100:1992–2002.
[20] Nojiri A, Hongo K, Kawai M, Komukai K, Sakuma T, Taniguchi I, Yoshimura M.
Scoring of late gadolinium enhancement in cardiac magnetic resonance imaging can predict cardiac events in patients with hypertrophic cardiomyopathy.
J Cardiol 2011;58:253–60.
[21] Mohri M, Koyanagi M, Egashira K, Tagawa H, Ichiki T, Shimokawa H,
Takeshita A. Angina pectoris caused by coronary microvascular spasm. Lancet
1998;351:1165–9.
[22] Diez J, Querejeta R, Lopez B, Gonzalez A, Larman M, Martinez Ubago JL.
Losartan-dependent regression of myocardial ﬁbrosis is associated with reduction of left ventricular chamber stiffness in hypertensive patients. Circulation
2002;105:2512–7.
[23] van Heerebeek L, Hamdani N, Handoko ML, Falcao-Pires I, Musters RJ,
Kupreishvili K, Ijsselmuiden AJ, Schalkwijk CG, Bronzwaer JG, Diamant M, Borbely A, van der Velden J, Stienen GJ, Laarman GJ, Niessen HW, et al. Diastolic
stiffness of the failing diabetic heart: importance of ﬁbrosis, advanced glycation
end products, and myocyte resting tension. Circulation 2008;117:43–51.
[24] Hein S, Arnon E, Kostin S, Schonburg M, Elsasser A, Polyakova V, Bauer EP,
Klovekorn WP, Schaper J. Progression from compensated hypertrophy to failure
in the pressure-overloaded human heart: structural deterioration and compensatory mechanisms. Circulation 2003;107:984–91.
[25] Graham HK, Trafford AW. Spatial disruption and enhanced degradation
of collagen with the transition from compensated ventricular hypertrophy
to symptomatic congestive heart failure. Am J Physiol Heart Circ Physiol
2007;292:H1364–72.
[26] Watanabe S, Shite J, Takaoka H, Shinke T, Tanino Y, Otake H, Matsumoto D,
Ogasawara D, Sawada T, Hirata K, Yokoyama M. Predictive importance of left
ventricular myocardial stiffness for the prognosis of patients with congestive
heart failure. J Cardiol 2011;58:245–52.
[27] Tanaka M, Fujiwara H, Onodera T, Wu DJ, Hamashima Y, Kawai C. Quantitative
analysis of myocardial ﬁbrosis in normals, hypertensive hearts, and hypertrophic cardiomyopathy. Br Heart J 1986;55:575–81.
[28] Shirani J, Pick R, Roberts WC, Maron BJ. Morphology and signiﬁcance of the left
ventricular collagen network in young patients with hypertrophic cardiomyopathy and sudden cardiac death. J Am Coll Cardiol 2000;35:36–44.
[29] James TN, Burch GE. Blood supply of the human interventricular septum. Circulation 1958;17:391–6.
[30] Range FT, Schafers M, Acil T, Schafers KP, Kies P, Paul M, Hermann S, Brisse
B, Breithardt G, Schober O, Wichter T. Impaired myocardial perfusion and
perfusion reserve associated with increased coronary resistance in persistent
idiopathic atrial ﬁbrillation. Eur Heart J 2007;28:2223–30.
[31] Hongo M, Goto T, Watanabe N, Nakatsuka T, Tanaka M, Kinoshita O, Yamada
H, Okubo S, Sekiguchi M. Relation of phasic coronary ﬂow velocity proﬁle to
clinical and hemodynamic characteristics of patients with aortic valve disease.
Circulation 1993;88:953–60.
[32] Weiss MB, Ellis K, Sciacca RR, Johnson LL, Schmidt DH, Cannon PJ. Myocardial
blood ﬂow in congestive and hypertrophic cardiomyopathy: relationship to
peak wall stress and mean velocity of circumferential ﬁber shortening. Circulation 1976;54:484–94.
[33] Yasuda S, Shimokawa H. Acute myocardial infarction: the enduring challenge
for cardiac protection and survival. Circ J 2009;73:2000–8.
[34] Kass DA, Bronzwaer JG, Paulus WJ. What mechanisms underlie diastolic dysfunction in heart failure? Circ Res 2004;94:1533–42.
[35] Fukui S, Fukumoto Y, Suzuki J, Saji K, Nawata J, Tawara S, Shinozaki T, Kagaya Y,
Shimokawa H. Long-term inhibition of Rho-kinase ameliorates diastolic heart
failure in hypertensive rats. J Cardiovasc Pharmacol 2008;51:317–26.
[36] Asif M, Egan J, Vasan S, Jyothirmayi GN, Masurekar MR, Lopez S, Williams C, Torres RL, Wagle D, Ulrich P, Cerami A, Brines M, Regan TJ. An advanced glycation
endproduct cross-link breaker can reverse age-related increases in myocardial
stiffness. Proc Natl Acad Sci USA 2000;97:2809–13.
[37] Bickel C, Rupprecht HJ, Maimaitiming A, Welk I, Blankenberg S, Krummenauer
F, Meyer J. The superiority of TIMI frame count in detecting coronary ﬂow
changes after coronary stenting compared to TIMI Flow Classiﬁcation. J Invasive
Cardiol 2002;14:590–6.
[38] Gibson CM, Murphy S, Menown IB, Sequeira RF, Greene R, Van de Werf F,
Schweiger MJ, Ghali M, Frey MJ, Ryan KA, Marble SJ, Giugliano RP, Antman
EM, Cannon CP, Braunwald E. Determinants of coronary blood ﬂow after
thrombolytic administration TIMI Study Group. Thrombolysis in myocardial
infarction. J Am Coll Cardiol 1999;34:1403–12.

