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Figure 2 Time course of weekly occurrences of the diseases. (A—F) Weekly occurrences of heart failure (HF), stroke, cardiopulmonary arrest
(CPA), and pneumonia were significantly increased after the Earthquake. *P << 0.05 and **P << 0.01. (G) The weekly counts of aftershocks
observed in the Miyagi Prefecture with a seismic intensity of 1.0 or greater on the Japanese scale. The seismic intensity of the major Earthquake
of 11 March 2011 was 7 in the Miyagi Prefecture. The number in the panels indicates the total number of the patients in 2011. Black arrows
indicate the occurrence of the Great East Japan Earthquake (magnitude of 9.0, 11 March 2011) and white arrows indicate the largest aftershock

(magnitude of 7.0, 11 April 2011).

for cerebral infarction but not for intracranial haemorrhage
(see Supplementary material online, Figure $2). The number of
aftershocks in the Miyagi Prefecture was frequent during the 6
weeks after the Earthquake, and the second peak was noted at
the large aftershock on 7 April 2011 (magnitude of 7.0)
(Figure 2G). When compared with the previous 3 years, the signifi-
cant increases in the occurrence of HF and pneumonia were pro-
longed for more than 6 weeks after the Earthquake in 2011
(Figure 2A and F). On the other hand, the time course of the occur-
rences of stroke and CPA was shown by the second peak, corre-
sponding to the distribution of the aftershocks (Figure 2C—E). We
also observed that the rapid increase in the occurrence of ACS
was followed by a significant decline (Figure 2B). Similarly, the oc-
currence of CPA showed a significant increase after the large after-
shock followed by a rapid decline (Figure 2D and E). Those results

by the Poisson regression stepwise analysis were comparable with
those by the full Poisson regression analysis without stepwise
methods (data not shown).

The subgroup analyses of the 2011 data showed that age, sex, or
residence area did not significantly influence the occurrences of
CVDs after the Earthquake (Figure 4). In contrast, a significant influ-
ence of residence area was noted only for pneumonia with a high
occurrence in the seacoast (tsunami) area, although sex and age
again had no effect (Figure 4).

Discussion

The novel findings of the present study are as follows: (i) the
occurrences of CVDs and pneumonia were all significantly
increased after the Great East Japan Earthquake in 2011 when
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Figure 3 Daily occurrences of the diseases before and after the Earthquake. (A—F) Daily occurrences of heart failure (HF), stroke, cardio-
pulmonary arrest (CPA), and pneumonia were significantly increased after the Earthquake. *P < 0.05 and **P < 0.01. The number in the panels
indicates that for 4 weeks before and after the Earthquake. Black arrows indicate the occurrence of the Great East Japan Earthquake (magnitude

of 9.0, 11 March 2011).

compared with the previous 3 years (2008—10), (ii) the occur-
rences of HF and pneumonia were then gradually decreased,
whereas the occurrences of ACS, stroke, and CPA were rapidly
decreased when compared with those of HF and pneumonia,
(iii) the occurrences of CVDs were increased independent of
age, sex, or residence area, and (iv) the increase in the occurrence
of pneumonia was higher in the seacoast (tsunami) area than in the
inland area. To the best of our knowledge, this is the first report
that demonstrates the mid-term courses of the occurrences of
major CVDs and pneumonia after a great earthquake in the
large-scale population. Especially, it provides the first evidence
that the occurrence of HF was markedly increased for a long
period after the Earthquake.

Increased occurrences of cardiovascular
diseases and pneumonia

In the present study, we observed that the occurrences of HF,
ACS, stroke, CPA, and pneumonia were all significantly increased
after the Great East Japan Earthquake. Although previous studies
demonstrated that the occurrences of acute myocardial infarction,
stroke, and CPA were increased after earthquakes,”®%'?~'% no
study has ever demonstrated the increase in the occurrence of

HF. The Earthquake forced many people in the Miyagi Prefecture

to take shelter and/or to live without distribution of daily neces-
sities, lifelines (e.g. water and electric supplies), and medicines.
To make the situation worse, they were afflicted by the frequent
aftershocks (the aftershocks with a seismic intensity of 1.0 or
greater occurred 1025 times from 11 March to 7 April) and the
freezing temperature (the average temperature in Sendai City
was 3.8°C in March 2011) (Table 7). In these situations, where
people are forced to extreme physical/mental stresses, CVDs
may be caused by the activated sympathetic nervous systen'n."s'16
A transient increase in blood viscosity after an earthquake was
observed only in those with high stress (e.g. move to shelter and
loss of family member), which may increase the occurrences of
ACS, stroke, and CPA."7

Increased occurrence of heart failure

When compared with the previous reports (Table 1)°~>'>1%18

one of the novel findings of the present study is the significant
increase in the occurrence of HF, for which several factors may
be involved. The activated sympathetic nervous system in the
Great East Japan Earthquake should have elevated blood pressure
and heart rate, as previously reported after large earthquakes.'>'?
Furthermore, the discontinued logistics distribution caused by the
Earthquake resulted in insufficient delivery of regular medications,
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Figure 4 Subgroup analyses regarding age, sex, and residence area. We first counted the occurrence of each variable in the 4 weeks before
and after the Earthquake and subsequently calculated the odds ratio. No significant influences of age, sex, or residence area were noted for the
occurrences of cardiovascular diseases and pneumonia, except for the influence of the seacoast residence on the occurrence of pneumonia. HF,
heart failure; ACS, acute coronary syndrome; CPA, cardiopulmonary arrest; OR, odds ratio; 95%Cl, 95% confidential interval.

such as antihypertensive drugs and antithrombotic drugs, which
can increase cardiovascular events as reported pre\.riously‘20 More-
over, these situations forced people to use preserved foods with
high salt, and not fresh food, which also can elevate blood pressure
and worsen HF?'"?* It has been reported that high-salt intake
under mental stress elevates blood pressure to a greater extent
than normal conditions, thus easily worsening HF.2*** Additionally,
the recent study has demonstrated that antecedent hypertension
is associated with the increased occurrence of HF.?® Furthermore,
the recent report from our institute demonstrated that self-
monitoring blood pressure was significantly elevated after the Earth-
quake.”” Recently, we also have reported that the Earthquake
increases the occurrence of ventricular tachyarrhythmia and hospi-
talization from worsening of HF among the patients with implanta-
ble cardiac defibrillators.”® One of the well-known factors that

worsen HF is infection including pneumonia, which was significant-
ly increased after the Earthquake as shown in the present study.
Taken together, we consider that discontinuation of drugs,
increased salt intake, activated sympathetic nervous system,
blood pressure elevation, and increased occurrences of tachyar-
rhythmia and infections were likely involved in the increased oc-
currence of HF after the Great East Japan Earthquake.

Time course of occurrences

of the diseases

Unlike HF and pneumonia that showed a gradual decline for more
than 6 weeks after the Earthquake, the weekly occurrence of ACS
and CPA showed significant increases followed by decreases within
2-3 weeks after the Earthquake. Furthermore, the immediate
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increase in the occurrence of the disease on the day of the
Earthquake was noted only for CPA. The similar tendency was
reported for sudden cardiac deaths related to atherosclerotic
CVD after the Northridge Earthquake, although the observational
period was very short (7 da)rs)‘12 when compared with the present
study (16 weeks). These results suggest that the physical and/or
mental stress induced by the Earthquake first facilitated CPA
events, while other CVDs were due to the catastrophe occurring
later on (tsunami, break down of lifelines, low temperatures, etc.).
However, in the present catastrophic situation, the emergency
care system itself was severely damaged for both ambulance trans-
port and ambulance personnel availability, where the patients with
CPA had a priority for ambulance transport. Thus, such a logistic
factor may also have been involved in the present results. Further-
more, the onset patterns of CPA and stroke showed the second
peak after the largest aftershock, suggesting that unstabilization
of atherosclerotic plaques?” and an increase in blood pressure
were accelerated by the Earthquake®” with a resultant increase fol-
lowed by a decrease in the occurrence, an interesting and import-
ant difference when compared with other diseases.

Predictors for increased occurrences of
cardiovascular diseases and pneumonia

Little information is available about the impacts of age and sex on
the occurrences of CVDs and pneumonia after an earthquake. Al-
though the age of all transported patients in 2011 was significantly
higher than that in the previous 3 years, the age of the patients with
CVDs and pneumonia was comparable with the previous 3 years,
suggesting less impact of age and sex on the increased occurrences
of CVDs and pneumonia (Figure 3).

Importantly, although the Earthquake-induced tsunami directly
and seriously affected the people in the seacoast area, but not
those in the inland area, the increased occurrences of CVDs
after the Earthquake were comparable between the two areas.
Similar indirect effects of a disaster on CVDs in a remote area
have been reported in the World Trade Center Disaster in
2001, where the blood pressure of people living in Mississippi
was equally elevated as that of those living in New York City.°
These results indicate that the impact of life-threatening events,
such as the Great Earthquake, could trigger CVDs even in areas
distant from the disaster area. However, a certain number of
people who suffered damage from the tsunami migrated from
the seacoast area to the inland area after the Earthquake, which
might have attenuated the influence of the tsunami on the occur-
rence of the diseases examined. In contrast, the increased occur-
rence of pneumonia was higher in the seacoast area than in the
inland area, which can be explained by aspiration pneumonia in
drowned people and/or the large amount of sludge carried by
the tsunami.

Study limitations

Several limitations should be mentioned for the present study.
First, in the present study, we analysed the occurrences of the dis-
eases based on the initial diagnoses on the ambulance transport
records that were made by attending doctors. Although the diag-
noses were made based on physical examination, ECG, chest

X-ray, echocardiography, and laboratory test, the process of the
diagnoses were not standardized in the present study. Although
this method might reduce the accuracy of diagnoses, the rate of
definitive diagnosis at admission in the emergency rooms was com-
parable among the 4 years studied, and the process of diagnosis
was the same throughout the study period. However, in our emer-
gency medical system, we were unable to examine the accuracy of
diagnoses in emergency rooms, especially in the catastrophic situa-
tions after the Earthquake. Secondly, some people were forced to
move from the seacoast area to the inland area after the Earth-
quake. However, we have no data on how many people moved
from the seacoast area to the inland area. This could have affected
the increased occurrences of CVDs in the inland area. Thirdly, we
do not have background data on the patients who were diagnosed
as having HF, including clinical characteristics and underlying heart
disease.>'** We are now prospectively following the patients with
HF in our cohort study in the Tohoku area®
the clinical outcomes of those patients in the future. Fourthly,
we have no data regarding the number of patients who visited hos-
pitals by themselves without the use of ambulance. We also were
unable to exclude the effects of traffic disruption by the Earth-
quake that might have affected the use of ambulance. Fifthly, the
Miyagi Prefecture is located next to the Fukushima Prefecture
where the nuclear power plant accident occurred; however, the
influence of the nuclear accident was minimal in our Miyagi Prefec-
ture. Sixthly, although ACS and stroke are similarly and strongly
associated with atherosclerosis, we were unable to elucidate the
mechanism for the different time courses between them. This
issue remains to be examined in future studies. Seventhly, we
have no data regarding prior medications in each patient, which
might have affected the occurrence of CVDs. Eighthly, because
the diagnosis of ACS was not based on coronary angiograms,
but on ECG, echocardiography, and blood test, which made it dif-
ficult to diagnose Takotsubo cardiomyopathy. Finally, we have no
data that can differentiate CPA of cardiac causes from CPA of pul-
monary causes.

and we will report

Clinical implications

We consider that the increased occurrences of CVDs in the Great
East Japan Earthquake may have been caused by the following mul-
tiple factors: (i) the activated sympathetic nervous system by phys-
ical and mental stresses, (ii) insufficient medications, (iii) increased
salt intake from preserved foods, and (iv) elevated blood pressure
and viscosity; however, further studies are required to elucidate
the mechanisms of disaster-related CVDs.

Conclusions

The present study demonstrates that the East Japan Earthquake
Disaster has significantly increased the occurrences of CVDs,
including the first observation of the increased occurrence of
HF, independent of age, sex, area of residence.

Supplementary material

Supplementary material is available at European Heart Journal
online.
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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 car-
diomyopathy (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.
Coronary blood flow We calculated the collagen volume fraction (CVF) and perivascular fibrosis ratio (PFR) in biopsy samples
TIMI frame count and also examined Thrombolysis in Myocardial Infarction (TIMI) frame count to evaluate coronary blood
Chronic heart failure flow.
Results: There was no significant correlation between CVF and PFR (r? =0.0007). Although CVF was com-
parable 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 end-
diastolic 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 evalu-
ated 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.
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Perivascular fibrosis

In HF patients, coronary flow reserve is impaired during the
acute phase of HF and is strongly correlated with mortality [9,10].

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 pre-
served ejection fraction (HFpEF) are substantially involved [2-4].
Indeed, HFTEF and HFpEF respectively account for approximately
half of chronic HF patients [5-8].

* Corresponding author at: Department of Cardiovascular Medicine, Tohoku Uni-
versity Graduate School of Medicine, 1-1 Seiryo-machi, Aoba-ku, Sendai 980-8575,
Japan. Tel.: +81 22 717 7153; fax: +81 22 717 7156.

E-mail address: fukumoto@cardio.med.tohoku.ac.jp (Y. Fukumoto).

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 cardiomy-
opathy (HCM) and infiltrative heart disease (e.g. Anderson-Fabry
cardiomyopathy) [11]. Also, it has been reported that myocar-
dial diseases are associated with abnormal coronary microvascular
structures such as thickened wall and proliferation of vascu-
lar 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

0914-5087/$ - see front matter © 2012 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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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 microvas-
cular 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 con-
sent.

Study subjects

We examined 132 consecutive patients with stages B/C/D
chronic HF defined by the American College of Cardiol-
ogy/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 car-
diomyopathy (DCM, n=62) enrolled in our database, who were
hospitalized at our hospital and underwent both cardiac catheter-
ization 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 =140mg/dl, triglyc-
erides =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 lev-
els of hemoglobin, brain natriuretic peptide (BNP), creatinine, and
high-sensitivity C-reactive protein (hsCRP), and estimated creati-
nine clearance (eGFR) by Cockroft-Gault formula.

Histological analysis of biopsy samples

The acquisition, fixation, and staining of myocardial biopsy sam-
ples 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 sec-
tions using Image] 1.45s (W. Rasband, NIH, Bethesda, MD, USA,
http://imagej.nih.gov/ij/, 1997-2012, 400x ) to determine perivas-
cular fibrosis around arteries, expressed as perivascular fibrosis

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 eval-
uation 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 coro-
nary artery (RCA), according to the method described by Gibson
et al. [12]. We calculated corrected TFC (CTFC) for LAD by divid-
ing 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 com-
pared 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).

Coronary perivascular fibrosis and myocardial interstitial 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 com-
bined 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 with-
out delayed enhancement (1.18 £ 0.67 vs. 1.55+0.78, p=0.21).
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PFR 1.62

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 pm.

Coronary perivascular fibrosis and cardiac function

PFR was not significantly correlated with LVEF (r?=0.0003,
p=0.90), CO (r2=0.0095, p=0.45), LVEDP (r2=0.0042, p=0.62),
LVEDV (%2 =0.0019, p=0.75), systolic and diastolic AoP (2 =0.0038,
p=0.63; r2=0.0102, p=0.43, respectively), systolic or diastolic PAP
(r2=0.0102, p=0.43; r? =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).

Perivascular fibrosis and TIMI frame count

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
alogistic 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, demonstrat-
ing 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).

n.s. P<0.05
A . o’ = B . = e C All-cases combined
- & : 5 population
e 3 il . r2=0.0007
X 3 n.s.
2 @© 2 K a3, .
> o . 2
[&] e 2. " . L] .
1 1 Lo o " Yt .
TR e e .
sy 0 .
0 0 0 5
HCM HHD DCM HCM HHD DCM 0 2 4 6
CVF (%)
D HCM E HHD F
5 5 3
4 r2=0.0303 4 ’ r2=0.0299 r2=0.0443
= n.s. n.s. 20 . B n.s
x 3 . 14 3 . 14 .. AN
L % . ™ . & . .,
n- 2 . n' 2 *: . 1 l‘...t‘. * .
1] . . 1l
0 k= s 0
0 1 2 3 4 0 2 4 6 0 2 4 6
CVF (%) CVF (%) CVF (%)

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 (r? =0.3351, p<0.0001),
but not for the left circumflex coronary artery (LCx) (B) (2 =0.0194, p=0.27) or the right coronary artery (RCA) (C) (2 =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 coro-
nary 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 progres-
sion 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 demon-
strates that interstitial CVF was comparable between HCM and
HHD, probably because our biopsy samples were obtained from the
ventricular septum. Compared with interstitial myocardial fibro-
sis, 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 dysfunc-
tion [11-15]. The present study demonstrates for the first time
the significant correlation between PFR and CTFC for LAD, indicat-
ing 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 sup-
plied 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 correspond-
ing 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 fib-
rillation 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.
HCM(n=16) HHD(n=11) DCM(n=37) Notes
Male gender 13 (81) 8(73) 27(75)
Age (years) 559+124 534+149 55.5+13.5
BMI (kg/m?) 242440 256+ 4.8 247+42
Hypertension 5(31) 11(100) 17 (46) E
Diabetes mellitus 2(13) 5(45) 6(16) t
Dyslipidemia 2(13) 3(27) 10(27)
Atrial fibrillation 1(6) 1(9) 14(38) t
Medication
ACEI 6(38) 6(55) 22(59)
ARB 2(13) 8(73) 13(35) e
[-blocker 10(63) 9(82) 26(70)
Diuretics 0(0) 3(27) 21(57) t
Spironolactone 2(13) 1(9) 11(30)
Warfarin 2(13) 2(18) 18 (49) t
CCB 7 (44) 6(55) 4(11) t
Antiplatelet 4(25) 4(36) 10(27)
Statin 0(0) 1(9) 9(24) t
Amiodarone 0(0) 0(0) 4(11)
Laboratory data
Hemoglobin 144+14 143+19 143+16
(g/dl)
hsCRP (mg/dl) 0.10+0.14 0.15+0.14 0.15+0.17
BNP (pg/ml) 218.7+2473 50.7+339 24063733
LDL (mg/dl) 77.8+62.8 89.7+75.0 852+74.8
HDL (mg/dl) 56.7+23.5 39.3+94 42.0+125 “f
TG (mg/dl) 1309+91.9 1439+652 1383+744
Glucose (mg/dl) 945+25.8 1109+£19.5 106.4+30.6
CCr (ml/min) 89.4+344 95.5+24.2 93.8+37.7
Hemodynamic data
LVEDVI (ml/m?) 725+18.3 72.7+19.0 111.8+280
EF (%) 71.2+10.1 54.4+49 36.8+11.8 e
mAoP (mmHg) 103.8+175 1202+19.7 988x17.8 *
LVEDP (mmHg) 16.6+5.7 10.3+5.1 10.6+4.1 B
mPAP (mmHg) 19.9+45 209+7.0 18.9+5.3
PCWP (mmHg) 11.3+62 93450 9.0+53
Cardiac output 47+1.0 59+1.7 46+14 “
(L/min)
Cardiac index 27+04 3306 2707 ]
(Lmin~!' m-2)
Morphometric data
CVF (%) 1.11+1.04 1.89+1.61 1.41+1.48
PFR 1.78+1.09 1.63+1.20 1.24+ 045 t
All-cause death 1(6) 0(0) 2(5)
Cardiac events
Cardiac or 0(0) 0(0) 2(5)
sudden death
Admission for HF 2(13) 0(0) 3(8)

Results are presented as mean = 5D or n (%). ACEl, 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.

t p<0.05, HCM vs. DCM.

# p<0.05, HHD vs. DCM.

Table 2

Thrombolysis in myocardial infarction frame counts.
Coronary artery HCM (n=186) HHD(n=11) DCM(n=37) p-Value
LAD (corrected) 21.91 = 5.48 2278 £ 623 21.67 £ 3.87 n.s.
LCx 29.63 £ 3.80 31.82+£855 3330+11.82 ns.
RCA 3950+ 1522 3472+939 38.72+1464 ns.

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.

@ Data of LAD in one DCM case and that of RCA in another DCM case failed to be
obtained.

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

Variables p-Value Odds ratio (95% CI)
Hypertension 023

Dyslipidemia 0.21

Diabetes mellitus 0.63

Atrial fibrillation 0.02 5.78(1.33-30.53)

Body mass index (kg/m?) 0.20

PFR <0.002 3.28(1.52-9.00) per 1.0 increase
CVF(%) 0.81

95% CI, 95% confidence interval; PFR, perivascular fibrosis ratio; CVF, collagen vol-
ume 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 deter-
mined by heart rate, peak stress, and ventricular performance in
cardiomyopathy with normal coronary angiogram [32]. Coronary
microvascular dysfunction has attracted much attention as a con-
tributor 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 prog-
nostic 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, itis 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.

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 quantita-
tive analyses of perivascular fibrosis, although we did not use
the lumen area for the present analysis. Furthermore, myocar-
dial 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 col-
lagen 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 fibro-
sis. 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.
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Background: We reported an increased occurrence of cardiovascular diseases (CVDs) after the Great East Japan
Earthquake by examining ambulance records, but it had to be confirmed by cardiologists.

Methods and Results: We enrolled patients admitted to the cardiology department of the 10 hospitals in the disas-
ter area from 4 weeks prior to 15 weeks after March 11 in the years 20082011 (n=14,078). The weekly occurrence
of several CVDs, including heart failure (HF), pulmonary thromboembolism (PTE) and infectious endocarditis (IE),
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was sharply and significantly increased after the Earthquake.

Conclusions: The Disaster caused significantly increases in the occurrence of HF, PTE and IE.  (Circ J 2013; 77:

490-493)

Key Words: Cardiovascular disease; Disasters; Great East Japan Earthquake

e examined ambulance records from Miyagi prefec-
ture and reported that the occurrence of cardiovas-
cular diseases (CVDs), including heart failure (HF),

acute coronary syndrome (ACS), stroke, and cardiopulmonary
arrest, had increased after the Great East Japan Earthquake
(magnitude 9.0 on March 11, 2011).! However, because the
ambulance records were made in the emergency rooms by doc-
tors who were not always cardiologists, our findings had to be
confirmed by cardiologists in the disaster area. Furthermore,
we did not examine the incidence of pulmonary thromboem-
bolism (PTE), infectious endocarditis (IE) or takotsubo car-
diomyopathy in that previous study because those diagnoses
require a professional approach.!

In this study, we examined the medical records made by
cardiologists to determine whether the occurrence of CVDs,

including HF, acute myocardial infarction (AMI), PTE, IE and
takotsubo cardiomyopathy, had increased after the Earth-
quake.

Methods

The ethical committees of Tohoku University Hospital and
participating hospitals approved the protocol of the present
study.

Study Population and Paricipating Hospitals

We enrolled all patients admitted to the cardiology department
of the 10 hospitals in Miyagi prefecture from 4 weeks prior to
15 weeks after the Earthquake in 2011 and in the correspond-
ing periods in 2008, 2009 and 2010 (n=14,078). We also col-
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Figure 1. Weekly occurrence of cardiovascular diseases: (A) heart failure (HF), (B) acute myocardial infarction, (C) pulmonary
thromboembolism (PTE), (D) infectious endocarditis (IE) and (E) takotsubo cardiomyopathy. HF, PTE and IE were significantly
increased after the Earthquake. *P<0.05, ™P<0.01. Black arrows indicate the occurrence of the Great East Japan Earthquake
(magnitude 8.0, March 11, 2011), and white arrows indicate the largest aftershock (magnitude 7.2, April 7, 2011).
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lected additional information about the date of admission, sex
and age of the patients from the medical insurance database.
We defined the 3 hospitals facing the Pacific Ocean as those
in the seacoast area with direct assault by the tsunamis, and the
remaining 7 hospitals as those in the inland (remote) area.

Definition of the Diseases

All definitive diagnoses of the patients were confirmed at dis-
charge by cardiologists and classified according to the Inter-
national Statistical Classification of Diseases and Related Health
Problems, 10th revision (ICD-10). We also collected the diag-

Circufation Journal Vol.77, February 2013



492 AOKI T et al.
OR (95% CI P value
CHF REREh =
>75yrs. (vs. <75 yrs.) —— 1.89 (1.12-3.19) 0.012
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Residence in seacoast area —— 1
(ve. inland area) 0.82 (0.53-1.26) 0.352
AMI
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of residence on increased occurrence
Residence in seacoast area €———@——~—— 059 (0.20-1.78) 0.300 of cardiovascular diseases. We first
(vs. inland area) . counted the occurrence of each vari-
able in the 4 weeks before and after
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nosis at discharge from the medical insurance database as
the ICD-10 code, comprising [-50.0 (HF), [-21.0-1-21.9 (AMI),
[-26.0-1-26.9 (PTE), I-33.0-1-33.9 (IE) and takotsubo cardio-
myopathy (I-51.8).

Statistical Analysis

We used a Poisson regression model to assess differences in
the variables between 2011 and the previous 3 years.! Further-
more, as previously reported,! we calculated the odds ratio
with the 4-week occurrence in 2011 before and after the Earth-
quake in terms of age (<75 or =75 years), sex, and area of resi-
dence (inland vs. seacoast). Continuous variables are expressed
as mean+SD. All statistical analyses were performed using R
2.15.0 (www.r-project.org/). All P values were 2-sided, and
P<0.05 was considered to be statistically significant.

Results

The number of patients enrolled in the study for 2008, 2009,
2010 and 2011 was 3,190, 3,582, 3,752 and 3,554, respec-
tively. In 2011, the prevalence of male sex was significantly
lower (62.2%, 61.75, 59.95 and 58.8% in 2008, 2009, 2010
and 2011, respectively, P=0.014) and age (years) was signifi-
cantly higher (68.8+13.9, 69.5£13.9, 70.4+14.2, and 71.2+14.2
in 2008, 2009, 2010 and 2011, respectively, P<0.05).

The weekly occurrence of each of HF, PTE and IE was
significantly increased after the Earthquake (Figures 1A,C,D).
We also noted a mild but insignificant peak of the weekly oc-
currence of AMI after the Earthquake (Figure 1B). There were
very few cases of takotsubo cardiomyopathy, even after the
Earthquake (Figure 1E). The significant increase in the week-
ly occurrence of HF was prolonged for 7 weeks after the Earth-

quake in 2011 (Figure 1A), whereas the time course of PTE
showed a second peak at the largest aftershock (magnitude 7.2
on April 7, 2011).

The subgroup analyses showed that among the 3 factors
examined (age, seX, and area of residence), only higher age
(>75 years) significantly influenced the occurrence of HF but
not that of AMI or PTE (Figure 2). Because there was no
patient with IE or takotsubo cardiomyopathy for 4 weeks be-
fore the Earthquake in 2011, we were unable to calculate the
odds ratio of either disease.

Discussion

In the present study of cardiologists records, as compared with
our recent study using ambulance records,! we were able to
demonstrate the following: (1) a sharp and sustained (over 7
weeks) increase in the occurrence of HF after the Earthquake,
(2) a sharp but transiently increased occurrence of both PTE
and IE after the Earthquake, and (3) a tendency for the occur-
rence of AMI to be increased, but not that of takotsubo cardio-
myopathy, after the Earthquake.

Increased Occurrences of CVD
The present study demonstrated a significant increase in the
occurrence of both HF and PTE, consistent with the findings
of our recent study! and another study,? and of IE, which was
anovel finding not reported previously.>3

The Earthquake forced many people in the Miyagi prefecture
to take shelter and/or to live without daily necessities, services,
and medicines. Disaster situations can increase the occurrence
of CVDs through physical and mental stresses.® Furthermore,
a prolonged stressful situation can suppress the immune sys-
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tem,!? leading to increased rates of infectious diseases, such
as [E.

Activation of the sympathetic nervous system of people in-
volved in the present disaster would have elevated both blood
pressure and heart rate, as previously reported.*!! The report
by Satoh et al has also demonstrated that self-monitored blood
pressure significantly increased after the Earthquake.!? Fur-
thermore, we recently reported that the Earthquake increased
the occurrence of ventricular tachyarrhythmias among patients
with an implantable cardiac defibrillator.!’ Thus, we consider
that an activated sympathetic nervous system, elevated blood
pressure, and increased occurrence of tachyarrhythmias were
all mvolved in the increased occurrence of HF during and after
the Great East Japan Earthquake.

Although people in temporary accommodation were supplied
with information and compression stockings, the increased
occurrence of PTE after the Earthquake was not prevented.?
The occurrence of severe PTE, with resultant improved mor-
tality from PTE, may have been decreased; however, further
studies regarding the effects of preventive practice for PTE are
needed.

In the present study, the occurrence of AMI also tended to
increase after the Earthquake, and in our recent study there
was a significant increase in the occurrence of ACS (AMI plus
unstable angina).! Unlike in a previous report,® we did not ob-
serve an increased occurrence of takotsubo cardiomyopathy.
The reasons for the discrepancy remains to be examined in
future studies.

Effects of Age, Sex and Location of Hospitals on CVDs

In the present study, no significant influence of age, sex or area
of residence was noted for CVDs, except for the influence of
higher age on the occurrence of HF, which suggested that the
Earthquake had a greater effect on elderly people.

Although the tsunami directly and seriously affected the sea-
coast area, the increased occurrence of CVDs after the Earth-
quake was comparable between the seacoast and inland areas.
Similar indirect effects of a disaster on CVD occurrence were
reported after the World Trade Center Disaster in 2001, where-
by the blood pressure of people in Mississippi was equally
elevated as in those in New York City." These results indicate
that life-threatening events, such as a great earthquake, can
trigger CVDs even in remote areas.

The limitations of this study include the lack of detailed
patient data, such as clinical characteristics and underlying
heart disease. In order to prospectively observe the long-ferm
prognosis of the patients, we are following the HF patients in
a cohort in the Tohoku area,'s which had been established 2.5
years before the Earthquake.

Conclusions
The Great East Japan Earthquake Disaster significantly in-

creased the occurrence of CVDs, including HF, PTE and IE.
Elderly patients with HF were significantly more affected by
the Earthquake.
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