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1. Introduction

ABSTRACT

Tumor necrosis factor (TNF)-a has been implicated in the pathogenesis of cardiac hypertrophy, while the
activation of adenosine receptors has been shown to exert antihypertrophic effect on the heart. However,
it remains unknown whether adenosine can attenuate hypertrophy induced by TNF-a. This study was
aimed to address this issue using transverse aortic constriction (TAC) mouse models and cultured
neonatal rat cardiomyocytes. Plasma TNF-a was significantly increased in hypertrophied hearts (Sham vs
TAC group: 46.8 £2.5 vs 67.0 & 1.6 pg/ml, P =0.021), while myocardial TNF-« level, expression of TNF
receptor 1 and TNF-a-converting enzyme were positively correlated with heart weight to body weight ratio
(r=0.930, 0.676 and 0.891, respectively, P< 0.01-0.05). Myocardial adenosine levels were increased
significantly at 4 weeks (Sham vs TAC group: 16.15 & 1.59 vs 86.54 + 13.49 nmol/mg protein, P < 0.01) and
decreased from 6 to 11 weeks after TAC. N6-cyclopentyladenosine, an adenosine Al receptor agonist
inhibited protein synthesis of cardiomyocytes induced by TNF-c in a dose-dependent manner. This
antihypertrophic effect could not be mimicked by agonists of A2a, A2b and A3 adenosine receptors. These
findings indicate that TNF-o signal system plays important role in the process of cardiac hypertrophy, and
activation of adenosine receptor 1 inhibits hypertrophy of cardiomyocytes induced by TNF-a.

© 2011 Elsevier Masson SAS. All rights reserved.

Adenosine is known for its various cardiac beneficial effects by
counteracting against adrenergic system [10,11] and rennin-
angiotensin-aldosterone system [12], increasing tolerance to

It is well known that tumor necrosis factor-a (TNF-a), a
ubiquitous cytokine, plays significant roles in various cardiac
diseases [1-5]. Emerging evidence demonstrates that TNF-a is
associated with myocardial hypertrophy [6-9], one of the
pathologic features during the development and progression of
heart failure. Recent evidence shows that both TNF-a-converting
enzyme (also called “a disintegrin and metalloproteinase”, ADAM-
17) [6] and soluble tumor necrosis factor receptor 1(TNFR1) [7]
have been implicated in the pathogenesis of cardiac hypertrophy.
However, few studies have focused on the treatment of hypertro-
phy induced by TNF-o.

* Corresponding author. Tel.: +86 20 62786265; fax: +86 20 87277521.
E-mail address: Liao18@msn.com (Y. Liao).

0753-3322/$ - see front matter @ 2011 Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.biopha.2011.06.008

hypoxia [13,14], as well as inhibiting fibroblast proliferation and
collagen synthesis [15,16]. All these beneficial effects lead to the
protection of heart and limit its remodeling and progression to
failure. Adenosine transmits its signal through four subtypes of G-
protein coupled adenosine receptors (A1, A2a, A2b and A3). These
receptors mediate various responses, including modulation of
coronary flow, heart rate, myocardial contraction, cardioprotec-
tion, inflammation, and cardiac remodeling [17].

In earlier clinical studies, adenosine was shown to increase in
patients with chronic heart failure [18] and to attenuate the
severity of the disease [19]. Since adenosine signalling plays
significant roles in the pathogenesis of a variety of cardiovascular
disorders, and it is therefore an attractive system for therapeutic
manipulation, and the interests on adenosine still continues.
Studies have shown that the endogenous TNF-o production was
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inhibited by stimulating cardiac adenosine receptors in the gene
transcription level [20-22], implying an anti-TNF-a effect of
adenosine. However, to our best knowledge, seldom researches
have involved the adenosine function on TNF-a induced hyper-
trophy of cardiomyocytes.

In this study, we created transverse aortic constriction (TAC)
mouse models to induce hypertrophy. Plasma and cardiac TNF-a
level and cardiac adenosine level were evaluated to confirm
correlation of TNF-o, adenosine and cardiac hypertrophy. Corre-
spondingly, in cellular level, we cultured neonatal rat cardiomyo-
cytes to identify an antihypertrophic role of adenosine and to
clarify which type of adenosine receptor activation is responsible
for attenuating the pro-hypertrophic effect of TNF-c.

2. Materials and methods
2.1. Agents

Tumor necrosis factor-a (TNF-a), N6-cyclopentyladenosine
(CPA), 5-ethylcarboxamidoadenosine (NECA), 2-p-(2-carbox-
yethyl)phenethylamino-5"-N-ethylcarboxamino adenosine hydro-
chloride (CGS21680), and N6-(3-iodobenzyl)-5'-N-
methylcarbamoyladenosine (IB-MECA) were purchased from
Sigma Chemical Company. '

2.2. Animal models

All procedures were performed in accordance with our
institutional guidelines for animal research and complied with
the National Institutes of Health (NIH) Guide. Mice (C57BL/6, male, 7
weeks old, weighing 18 to 25 g) were intraperitoneally anesthetized
with a mixture of xylazine (5 mg/kg) and ketamine (100 mg/kg), and
transverse aortic constriction (TAC) was induced in the mice by
using the methods described in previous studies [23,24].

The C57 BL/6 mice were divided into two groups: sham (n = 9)
and TAC (n=25); these mice were sacrificed by overdose of
pentobarbital (150 mg/kg) and cervical dissociation at 1-11 weeks
after the operation to obtain samples showing different degree of
cardiac hypertrophy and pulmonary congestion. Blood from the
right ventricle was obtained.

2.3. Measurement of plasma and myocardial TNF-o level

Both plasma and homogenated myocardial TNF-« levels were
measured by using an ELISA kit (Quantikine, Catalog No. MTAQO;
R&D SYSTEMS, Minneapolis, USA) according to the manufacturer’s
instructions.

2.4. Real-time PCR

Total RNA was extracted from homogenized myocardial tissues
using Trizol (Invitrogen, USA). Real-time PCR for the mRNAs of
TNFR1, ADAM-17 and GAPDH was performed with the ABI Prism
7300 Sequence Detection System (Applied Biosystems Inc. USA)
and SYBR Green PCR Master Mix (Toyobo, Japan).

2.5. Cell culture

Neonatal rat ventricular myocytes were isolated as described
[25]. Cardiac myocytes were cultured in Dulbecco’s Modified Eagle
Media (Sigma) supplemented with 10% FBS (Equitech-Bio Inc).
Culture media were changed to serum-free at 72 hours. Cardio-
myocytes were cultured in serum-free conditions for 48 hours
before experiments. Protein synthesis in cultured cells was
evaluated by analysis of [*H] leucine incorporation as described
elsewhere [26].

2.6. Measurement of myocardial adenosine level

Myocardial adenosine levels were measured by radioimmuno-
assay after homogenized as previously reported [27].

2.7. Cardiomyocyte hypertrophy assay

Cardiomyocytes were exposed to TNF-a 10 ng/ml for 24 hours
in the presence or absence of CPA, and the extent of increase in [*H}]
leucine uptake was examined [26]. We also studied the effects of
A2a (CGS21680), and A3 (IB-MECA) receptor selective agonists and
the nonselective agonist (NECA, mainly for A2b) on TNF-a induced
cardiomyocyte hypertrophy.

2.8. Statistical analysis

For statistical analyses, comparison between two groups was
carried out by t test, while multiple comparisons were performed
by 1-way analysis of variance (ANOVA) using Tukey-Kramer exact
probability test. The least-squares method was used to assess
linear correlation between selected variables. The results were
reported as mean = standard error of mean, and P values of < 0.05
were considered to be statistically significant.

3. Results

3.1. Association between TNF-« signal system and cardiac
hypertrophy

To confirm the cardiac remodeling induced by surgery, mice
heart and lung were weighted in both TAC and sham group 4 weeks
after operation. The operated heart presented different hypertrophy
degrees, ranging from none, mild, moderate and sever hypertrophy
(Fig. 1A). The plasma TNF-a concentration in TAC group 4 weeks
after surgery was elevated in comparison with sham group (Fig. 1B,
P < 0.05). Myocardial TNF-« level was positively correlated with the
heart ‘'weight/body weight ratios (HW/BW) (r=0.930, P < 0.01;
Fig. 1C). Similarly, mRNA expression of TNFR1 and ADAM-17 was
also significantly correlated with HW/BW (r=0.676 and 0.891,
respectively; Fig. 1D, E).

Above findings indicate that endogenous TNF-o production,
expression of TNFR1 and ADMA-17 are closely associated with the
development of cardiac hypertrophy. We next examine the time
course change of myocardial adenosine during the progression of
cardiac remodeling.

3.2. Cardiac adenosine level changes during the process of cardiac
hypertrophy development

As shown on Fig. 2, with the progression of cardiac hypertrophy,
the cardiac adenosine level fluctuated in TAC models, while the
cardiac adenosine level in sham group did not show much change.
Myocardial adenosine level in TAC group rose to the peak at 4 week
and was about four folds of the sham group (P < 0.01). However, at
6 weeks later, the cardiac adenosine level dropped dramatically
but still remained a tendency of higher than the sham group. These
findings suggest that endogenous adenosine is involved in the
process of cardiac remodeling.

3.3. Activating adenosine receptor 1 inhibits TNF-o induced
hypertrophy in cardiomyocyte

First, we confirmed repeatedly that stimulation with TNF-c
10 ng/mL increased protein synthesis of cardiomyocytes by about
40% (Fig. 3). In order to verify whether activating adenosine
receptors can attenuate pro-hypertrophy effect of TNF-or, we then

used agonists of various adenosine receptors. The range safety of
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Fig. 1. Correlations between TNF- signal molecules and cardiac hypertrophy. A. Representative pictures of whole hearts with various degree of hypertrophy. B. At 4 weeks
after surgery, TNF-ow concentrations were significantly higher in the TAC group (n = 25) than in sham group (n=9). C. Correlation between myocardial TNF-c and heart
weight/body weight ratio (HW/BW). D. Correlation between myocardial TNFR1T mRNA expression level and HW/BW. E. Correlation between myocardial ADAM-17 mRNA
expression level and HW/BW. Values are presented as mean =+ SEM or raw data in B.

drug concentrations in cardiomyocytes was identified when
treatment with those drugs alone did not significantly reduce
the basal [*H] leucine uptake. For CPA, CGS21680, NECA and IB-
MECA, the safe concentrations were not higher than 10 pM, 1 uM,
100 wM and 0.01 M, respectively (Fig. 3A-D).

In the safety range of concentrations, CPA, an agonist of Al
receptor, inhibited TNF-a-induced cardiomyocytes hypertrophy in
a concentration-dependent fashion (Fig. 3A), while CGS21680 (an
A2a receptor agonist), NECA (a non-selective agonist with relative
high selectivity for A2b) and IB-MECA (an A3 selective receptor
agonist) did not significantly affected the TNF-o-induced protein
synthesis in cardiomyocytes (Fig. 3B-D).

Taken together, CPA abrogated TNF-a-induced hypertrophy,
which couldn't be mimicked by A2a, A2b and A3 adenosine
receptor agonists. Therefore, we conclude that itis A1, not A2a, A2b
or A3 receptors that mediate the antihypertrophic effect.

4. Discussion

TNF-a produced by macrophages or cardiomyocytes partici-
pates in the process of hypertrophy [1-4]. Direct inhibition of TNF-
o using TNF-o: neutralizing antibody was once adopted in clinical
trials to treat patients with heart failure but the result was
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disappointed [28], one explanation is the different role of TNFRs
that TNF-a induced cardiac toxicity by binding to TNFR1 and
protective effect by binding to TNFR2 [29]. In the present study, we
showed that development of cardiac hypertrophy was closely
associated with the up-regulation of myocardial TNFR1, ADAM-17
and TNF-q, indicating an important role of TNF-a signal system in
cardiac hypertrophy. We further demonstrated that activating
adenosine A1 receptors attenuates the pro-hypertrophic effect of
the TNF-o in cardiomyocytes, implying a new strategy for TNF-o
inhibition. In our previous study, we have demonstrated that
activation of adenosine A1 receptors inhibits protein synthesis of
neonatal rat cardiomyocytes induced by G-protein coupled
receptor agonists, and noted that adenosine A1 receptor agonist
attenuated cardiac hypertrophy and prevented heart failure in
mice with left ventricular pressure overload [23]. Although
accumulated evidence has showed adenosine'’s antihypertrophic
effect[23,30] and TNF-a's prohypertropic effect [1,3,4], to our best
knowledge, this study is the first showing that pro-hypertrophic
effect of TNF-ow was blunted by adenosine receptor activation.

In agreement with previous experimental [10,14] and clinical
studies [18], we found that myocardial adenosine level was
increased initially and then decreased. Cardiac hypertrophyis not a
necessary compensatory response since inhibiting cardiac hyper-
trophy does not worsen but improve heart failure [23,31,32].
Similar to ANP or BNP, we postulate that adenosine level elevation
during cardiac hypertrophy may be a compensatory response.
Previous clinical observations demonstrated that plasma adeno-
sine levels increased in patients with mild to moderate severity of
chronic heart failure [18,19], but it was decreased when heart
failure progressed to NYHA class IV, consistent with our findings
[18]. A possible explanation may be obtained from the energy
metabolism. In the pressure overload mice, cardiomyocytes
demand more energy consumption for compensation, and
endogenous adenosine would facilitate glucose uptake and
improve energy utilization [17]. Therefore, we presume that the
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fluctuant change of adenosine level is due to the process from
compensatory to decompensatory phase of heart failure.

In this study, we used different adenosine analogs to stimulate its
receptors. As shown in the study, CPA ameliorated the pro-
hypertrophy effect of TNF-a significantly, but it cannot be mimicked
by other agonists (CGS for A2a; NECA mainly for A2b; IB-MECA for
A3). Accordingly, we posit that the function of anti-TNF-a's pro-
hypertrophy effect is initiated by stimulating adenosine A1 receptor,
and exclude the effect of other receptors stimulation. Coincidently, it

~was reported that adenosine reduced the TNF-a expression in
cardiomyocytes [20] and cardiac tissue [21].

In conclusion, the data in this study indicate that myocardial
TNF-o, TNFR1 as well as ADAM-17 is positively correlated with the
degree of cardiac hypertrophy and that the pro-hypertrophic effect
of TNF-« is abrogated by the activation of adenosine A1 receptor in
cardiomyocytes. However, the influence of adenosine on down-
stream signal pathway of TNF-« is not involved in this study, and
need further exploration.
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Results: Both the left ventricular end-diastolic diameter and the ventricular wall thickness
of donors correlated well with those parameters of their corresponding recipients (r*=0.740,
p<0.0001, r2=0.704, p<0.0001, respectively). The information on coronary flow of the donor
heart with risk factors for ischemic heart disease was useful for judging the availability for heart
transplantation. The information on the pre-existing localized wall motion abnormality of donor
hearts was useful for ruling out a possibility of rejection and other causes of wall motion abnor-
mality after transplantation. The mean time required for bedside echocardiography for the donor
heart was only 3.7 min. None of the recipients either developed primary graft failure or required
treatment for cellular rejection.

Conclusions: Detailed observation of donor hearts by bedside echocardiograms upon the organ

procurement is of clinical benefit.
© 2011 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Introduction

Heart transplant (HTx) provides considerable survival ben-
efits for patients with end-stage heart failure; however,
HTx is available for only a small fraction of these patients
due to donor shortages all over the world [1,2]. In par-
ticular, the number of HTx surgeries completed in Japan
has been remarkably small compared to that in other
countries [3], because the domestic legal issues in Japan
severely limit the number of organ donations. The mean
waiting period of Japanese HTx candidates was often more
than 2 years and occasionally reached 4 years even after
the introduction of ventricular assist device surgery [4].
Finally, the Organ Transplant Law in Japan was revised
in July 2009. In light of the enforcement of the Revised
Organ Transplant Law in Japan, the number of HTx surg-
eries in Japan is expected to greatly increase in the near
future.

Up to the present, transplant physicians in Japan have
made a considerable effort to increase the number of trans-
plants in Japan under the circumstances of extremely severe
donor shortage. It has been reported that adequate and opti-
mal use of all possible donor organs would be mandatory
to increase graft availability [5,6]. Fukushima et al. have
previously described the distinctive strategies for the donor
evaluation and the management system to maximize car-
diac and lung donors in Japan [6]. Since November 2002, a
transplantation medical consultant doctor, who is an expert
transplant cardiothoracic surgeon, has been sent to the pro-
curement hospital by the Japan Organ Transplant Network
for the purpose of assessment of donor organ function, man-
agement of donor hemodynamics, and prevention of any
possible infections before the arrival of the harvest teams
[6]. Transplantation medical consultant doctors sent by
the Japan Organ Transplant Network also perform echocar-
diography and abdominal ultrasound on potential donors
in order to eliminate inadequate organs to be donated.
Based on the information from the transplantation med-
jcal consultant doctors, each potential recipient center
could decide whether or not its organ procurement team
should be sent to the donor hospital. In addition, each
transplant center in Japan has also made an effort to dis-
seminate a concept of transplantation to the entire nation
and energetically appeal to the community by accomplish-
ing good outcomes of HTx [7]. Evaluating donor heart as
accurately as possible upon the organ procurement would
bring essential information to their recipient team, lead-

ing to delicate and careful post-transplant management
of the heart. As of March 2010, 69 HTx surgeries have
been performed in Japan, and among those 27 transplants
(39.1% of all HTx cases performed in Japan) were performed
at our institution, the National Cerebral and Cardiovas-
cular Center (NCVYC), Osaka, Japan. Our institution has
sent both transplant cardiologist and echocardiographic
specialist upon the organ procurement accompanied by a
surgical team for evaluating a donor heart ever since our
first case of HTx surgery [8]. In the present study, we
reviewed the bedside echocardiograms at organ procure-
ment obtained from 13 consecutive transplant recipients
who were transplanted since 2005. This is the first detailed
report describing the echocardiograms of donor hearts and
their impact on both transplant surgery and post-transplant
management.

Methods

Patients and study design

The first HTx surgery at NCVC was performed in May 1999 [8].
Since then, 27 patients (39.1% of all HTx cases performed
in Japan) have undergone HTx surgery as of March 2010 at
NCVC [7]. We have sent both transplant cardiologist and
echocardiographic specialist upon the organ procurement
accompanied by a surgical team on all occasions of trans-
plant surgery for graft evaluation and collecting information
on the heart. Among those, we retrospectively reviewed
13 consecutive bedside echocardiograms on donor hearts
at the time of organ procurement and the echocardiograms
on their recipients recorded after HTx, whose HTx surgery
has been performed since October 2005. We excluded the
recipients who had HTx before October 2005 because we
started to store the echocardiographic images of their donor
hearts digitally for review and off-line analysis after HTx
since October 2005.

Bedside echocardiography on potential donor
hearts

Bedside echocardiography on a potential donor heart was
performed using either the equipment at the donor hos-
pital or our own Vivid | system (GE-Vingmed Ultrasound
AS, Horten, Norway). We brought our portable echocar-
diographic machine (Vivid ! system) to the donor hospital
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for evaluating donor heart upon the organ procurement.
Standard echocardiographic parameters, the area and distri-
bution of ventricular wall motion abnormality, the presence
or absence of atrial/ventricular septal defect, the presence
or absence of valvular disease including valvular calcifi-
cation were evaluated. In addition, coronary artery flow
velocity of the left anterior descending artery was measured
if the donor had any risk factors for ischemic heart disease.
Risk factors for ischemic heart disease were defined as a
current existence or past history of hyperlipidemia, hyper-
tension, diabetes, or smoking, and older than 50 years of
age. The standard echocardiographic examination included
measurements of thickness of the ventricular septum and
left ventricular (LV) posterior wall, and end-systolic and
end-diastolic LV diameters from M-mode or 2-D imaging.
LV ejection fraction was calculated by biplane Simpson’s
method from apical 4- and 2-chamber views [9]. Mitral
inflow was obtained by pulsed-wave Doppler echocardiog-
raphy with the sample volume between mitral leaflet tips
during diastole, and peak early (E) and late (4) transmi-
tral filling velocities, their ratio (E/A) and deceleration
time of E were measured. Early diastolic annular veloc-
ity (E) was obtained by placing a tissue Doppler sampling
volume at the septal and lateral mitral annulus in the api-
cal 4 chamber view, and the E/E ratio was calculated in
a subset of 7 donors, whose bedside echocardiograms at
the time of procurement were recorded using a machine
equipped for tissue Doppler imaging. All donors were brain
dead and on mechanical ventilation and with minimum dose
of catecholamine and vasopressin for stabilization of hemo-
dynamics.

Echocardiography on recipients’ heart after
transplant surgery

We performed scheduled echocardiography on HTx recipi-
ents at least more than once a week until 1 month of the
heart transplantation, or when rejection/any hemodymamic
changes were suspected. Post-HTx echocardiographic eval-
uation was performed using Vivid 7 (GE-Vingmed Ultrasound
AS) with a M3S transducer. We used post-transplant echocar-
diographic measurements recorded within a week from their
transplant surgery for comparison with the measurements
obtained from their donors at the time of procurements. At
the time of image acquisition, all recipients were in a sta-
ble hemodynamic condition with minimum dose or none of
inotropic support.

Assessment of the impact of donor’s bedside
echocardiography on transplantation

The clinical time course of each patient during early
postoperative period regarding development of rejection
or graft dysfunction was retrospectively reviewed. The
diagnosis of cellular acute rejection was based on the
conventional International Society for Heart and Lung
Transplantation (ISHLT) criteria [10]. Antibody-mediated
rejection was defined in this study as positive staining for
C4d at the capillary in the biopsy specimen, with or with-
out hemodynamic deterioration [11,12]. The correlation
between echocardiographic measurements obtained from

the donor hearts and those from their recipients was evalu-
ated.

Statistical analysis

Data are presented as means == SD. The correlation between
echocardiographic measurements obtained from bedside
echocardiography at the time of organ procurement and
measurements obtained from their recipients measured
after HTx surgery was determined with the use of Pear-
son’s correlation coefficient and the interclass correlation
coefficient (ICC). The correlation between degree of valvu-
lar disease or wall motion abnormality obtained from donor
and that of recipient was analyzed by Spearman’s rank cor-
relation coefficient. All statistical analyses were performed
using JMP6.0 software (SAS Institute, Cary, NC, USA).

Results

Table 1 summarizes the demographic and clinical data from
the studied patients. The primary disease that needs HTx
was non-ischemic cardiomyopathy for all the patients. The
recipients’ age ranged from 19.5 to 51.0 years, whereas the
donors’ age ranged from 21.3 to 59.2 years. The ischemic
time of donor hearts ranged from 166 to 235 min. Seven
donors (53.8%) had risk factors for ischemic heart disease
including 4 smokers.

None of the recipients developed primary graft dysfunc-
tion or hemodynamic compromise in the early postoperative
period. None of the patients developed cellular rejection
of ISHLT grade 3a or severer rejections (revised grading of
Grade 2R [13]), although two patients developed antibody-
mediated rejection requiring either steroid pulse therapy,
intravenous immunoglobulin, or plasmapheresis. Two donor
hearts were found to have arterial septal defect at the time
of donor heart procurement, which was fixed during trans-
plant surgery.

Table 2 summarizes the comparison of echocardiographic
parameters between the results obtained from donors
and their recipients. The LV ejection fraction was excel-
lently preserved in all recipients (range 60.7—79.6%, mean
70.24+6.0%). The LV diameters obtained from the donors
were well correlated with the LV diameters obtained from
their recipients (Fig. 1a). The LV mass index of the donor
was also well correlated with the LV diameters obtained
from their recipients. Based on the information on the
donor heart size expressed as LV diameter, the trans-
plant team made a medical decision as to whether the
heart was of proper size for the candidate recipient who
would be receiving the heart. Especially when the mis-
match of donor—recipients body mass index was greater
than 20% [14], we focused attention on the echocardio-
graphic results of donor heart size for considering the
appropriateness of the recipient selection. Indeed, we
have performed the transplant surgery in 2 male recipi-
ents although their donors were female with the height of
more than 20 cm shorter and body mass index of about 25%
smaller than the recipients, according to the donor echocar-
diographic evaluation indicating sufficient heart size. For
recipients who received a small heart based on the bed-
side donor echocardiographic evaluation at the time of
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Table 1 Patients charactenst1cs and outcome

Age at HTx years)

Chmcal charactenstlcs of patlents before heart transplantatlon

- 40.4+9.1

, ;8(61;5%)

©19.84+2.0
©1.54£0.1
12(92 3%)

: e 10(78 2%)
2(13 0%) '
(0%) o

' 40 4i10 8;(
S 1.58+0.2
o '*;;210‘.8&1‘9.4?

‘6(46 1%);5

organ procurement including the above-described 2 male
recipients, we had paid considerable attention to hemo-
dynamics after HTx surgery such as gradual diminution
of inotropic support and/or relatively longer duration of
pressure monitoring with Swan-Ganz catheter. The infor-
mation about ventricular wall thickness of the donor hearts
correlated well with the ventricular thickness of their recip-
ients measured after transplant as well (Table 2, Fig. 1b).
According to the donor heart information about ventricular
hypertrophy, which could be safely used in the heart trans-
plantation to expand the donor pool [15], we administered
cardioprotective agents, such as angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers, and cal-
cium antagonists as soon as possible after HTx surgery for
recipients who were preliminarily known to have received
hypertrophic hearts. We experienced 2 patients with anti-
body mediated rejection in the earty postoperative period,
who showed a relatively increased LV wall thickness and LV
mass at the time of rejection. We could suspect a possibil-
ity of antibody mediated rejection even without evidence
of cellular rejection according to the information on their
donor LV wall thickness. In these cases, donor bedside
echocardiography was very useful to consider the timing
of rejection treatment and/or further rejection surveil-
lance.

The degree of valvular regurgitation of the donor heart
did not always correspond with the degree of that seen in
their recipients. In addition, peak early (E) and late (4)
transmitral filling velocities and their ratio (E/A) (Fig. 1c),
and deceleration time of E obtained from donors and their

recipients were not corresponding with each other, either.
Neither the E' nor the E/E" of the donor hearts were in agree-
ment with the parameters measured in their recipients after
HTx surgery.

The left anterior descending coronary artery flow was
recorded in 7 donors with risk factors for ischemic heart
disease, but they did not show a sign of significant organic
coronary obstruction [16,17]. The mean diastolic-to-systolic
coronary flow velocity ratio was greater than 1.4 for all 7
donor hearts with the risk factors [16], thus we decided to
perform proceeding HTx surgery with the use of the donor
hearts based on this information. For the patients with risk
factors for ischemic heart disease, the first angiogram to
evaluate coronary artery disease of the donor was performed
6 weeks from the HTx surgery, ahead of our routine schedule
of 3 months after the transplants. None of the patients who
received a donor heart with ischemic risk factors showed
significant coronary artery stenosis greater than 75% at
the time of first angiography. However, 2 patients whose
donor hearts showed mean diastolic-to-systolic coronary
flow velocity ratio of 1.4 were revealed to have about 50%
stenosis on left anterior descending coronary artery at their
first angiogram. They were then treated with intensive med-
ication to prevent progression of transplant coronary artery
disease including administration of a maximum dose of statin
or/and early conversion to everolimus therapy [18—20]. Rep-
resentative recording of the coronary flow obtained from
a donor heart, whose recipient showed coronary irregular-
ity at the first angiogram after the HTx surgery is shown in
Fig. 2.
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~ Three donor hearts showed a localized wall motion abnor-
mality at the apex. Both area and distribution of the wall
motion abnormality found in each donor heart were also
seen at the identical area and distribution in each recipient
heart. This concordance of localized wall motion abnor-
mality between donor and recipients meant that the wall
motion abnormality of the recipient in the early postoper-
ative period was not a newly developed abnormality which
was unlikely caused by rejection or primary graft dysfunc-
tion. Accordingly, transplant physicians could just observe
the changes in serial echocardiographic findings without
doing any emergent tests to rule out the cause of the wall
motion abnormality.
The time required for acquisition of images of bed-
“side echocardiogram for donor heart evaluation was
3.7£1.3min.

Discussion

In the present study, we have demonstrated the utility
of bedside echocardiographic evaluation of donor hearts
upon organ procurement. These are (a) the size of donor
‘hearts measured by bedside echocardiography was in good
agreement with the heart size measured after HTx surgery

obtained from their recipients, which seems to be useful
information for the judgment of proceeding with HTx espe-
cially in case of donor—recipient size mismatch; (b) the wall
thickness of donor hearts derived from bedside echocardio-
graphy was also in good agreement with the wall thickness
of their recipients measured after HTx surgery, and this
information helped transplant physicians to optimize post-
transplant medical therapy for the recipients who received
hypertrophic hearts; (c) the information concerning septal
defect would be of help for surgeons to prospectively plan
the additional procedure of septal closure at the time of
HTx surgery; (d) the information on coronary flow in left
anterior descending artery of the donor heart with some
risk factors for ischemic heart disease was useful for judg-
ing the availability of the heart, as well as for considering
post-HTx medical management; (e) the information on pre-
existing localized wall motion abnormality of donor hearts
detected by bedside echocardiography was useful to con-
sider a possibility of rejection and other causes of wall
motion abnormality; (f) the mean time required for bedside
echocardiography on donor heart was only 3.7 min, and this
duration was reasonable for donor hospital and other organ
team to accept our noninvasive evaluation of the graft.

We speculate that the discordances between the param-
eters of E, E/A, E and E/E’, and the degree of valvular
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Figure 1  Correlations of the echocardiographic parameters

between the value obtained from the donor at the time of
organ procurement and the value obtained from their recipient
within a week from transplant surgery regarding left ventricular
end-diastolic diameter (LvDd) (a), ventricular septal wall thick-
ness (IVST) (b), and the ratio of peak early and late transmitral
filling velocities (TMF E/A ratio) (c). Closed circles represent
the variables obtained from the same hearts before and after
heart transplant surgery. Solid line indicates the correlation of
variables obtained from donors and their recipients.

Figure 2  Representative recording of Doppler flow imaging
of distal left anterior descending coronary artery (a) obtained
from a donor heart with risk factors for ischemic heart disease,
and the first angiogram of the recipient who received the heart
which was performed in the month after transplant surgery
(b). The arrow indicates about 50% narrowing of left anterior
descending coronary artery.

regurgitation between the donors and their recipients were
attributable to the difference of volume status between
pre- and post-transplant. These Doppler-derived parameters
were subjected to the preload status [21]; therefore, abnor-
mality of these parameters in donor hearts would not be a
factor influencing the decision of the heart availability.
One of the main focuses of bedside echocardiography
on potential donor hearts is to determine the appropri-
ateness of the use of the hearts for donation. In Japan,
a transplantation medical consultant doctor who is sent
by the Japan Organ Transplant Network preliminarily per-
forms echocardiography on a potential donor to eliminate
inadequate hearts to be donated, before the organ pro-
curement team is sent to the donor hospital. Thus, we,
as an organ procurement team, who have known which
patient is going to receive the heart, perform more detailed
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bedside echocardiography on the donor in the light of our
potential recipient’s detailed information upon the organ
procurement. We actually decided not to harvest the donor
heart only once during this study period according to our
own bedside echocardiography, although the information
from a transplantation medical consultant doctor about
the heart was adequately enough to use the organ. The
donor heart was relatively small for our potential recipi-
ent and showed decreased coronary flow and localized right
heart wall motion abnormality upon the organ procurement;
on the other hand our potential recipient had moderately
high pulmonary vascular resistance and needed to receive a
donor heart with good right ventricular function. That was
why we decided not to harvest the donor heart. We imme-
diately reported our decision and the results of our bedside
echocardiography to the Organ Transplant Network.
Although this is a single-center retrospective analysis of
small numbers of HTx donors and their recipients’ echocar-
diograms, our institution is the biggest HTx center in Japan
where so far 40% cases of HTx surgeries were performed.
Thus, our endeavor to bring sufficient information on the
donor hearts upon organ procurement to the transplant sur-
geons and physicians who were in charge of the recipients’
post-transplant care for the purpose of successful outcome
of HTx would bear mentioning. There had been a consider-
able effort by Fukusima et al. for maximizing the heart and
lung transplant opportunities in Japan, such as the system
of a special transplantation consultant doctor being sent to
the donor hospital for evaluating the donor organs and stabi-
lizing donor hemodynamics before the arrival of the harvest
teams [6]. In addition to such efforts of maximizing the pos-
sible donor pool, each transplant center in Japan also has a
responsibility of evaluating the donor heart. A good outcome
after HTx surgery would be a key factor for undertaking
transplantation in Japan. The survival rate of Japanese HTx
recipients after HTx surgery has been excellent even com-
pared to that in the International Heart Transplant Registry
[7]. The excellent survival of Japanese recipients seems to
be based on their excellent compliance with drugs and rou-
tine clinical visits due to full coverage of healthcare services
provided by the National Health Insurance System; addi-
tionally, we believe that it was also due to the outstanding
Japanese transplant physicians’ endeavor. In order to gather
as much information as possible, also in order to limit the
evaluation time to be as short as possible, our institution
sent our cardiac transplant cardiologist and echocardiogra-
pher to the donor hospital, who were experienced in HTx.
The limitation of this study was that the echocardio-
graphic parameters obtained from the same hearts before
and after HTx were recorded by different echocardiographic
machines. Another limitation of this study was that we did
not consider the dose of inotropic support before and after
HTx when we compared the echocardiographic parameters.
In addition, we could not report the detailed.information on
donors’ demographics because of privacy protection in rela-
tion to personal data and because of the extremely small
number of transplants in Japan. We did not have any pedi-
atric cases in this observation, because the Previous Organ
Transplant Law in Japan prohibited brain-death tests under
15 years old. That may be a reason we could show statis-
tical correlations between donors and their recipients in
the value of LV size and LV mass. In a decade of pediatric

transplants that will be performed under the Revised Organ
Transplant Law, then body-size mismatch would be a more
important determinant in organ procurement. Thus, evalu-
ation of LV size and LV mass by echocardiograms would be
more necessary.

Despite several limitations, we still believe that we have

achieved an excellent result of HTx recipients to be proud of

[7] due to our significant effort of evaluating donor heart as

carefully as possible and our strategy is worthwhile report-
ing. The number of HTx surgeries is expected to increase
in the near future in Japan under the Revised Organ Trans-

plant Law. Therefore, we hope that all transplant physicians

in Japan find our detailed observation of donor hearts by
echocardiograms reported here is of clinical benefit.

In conclusion, bedside echocardiogram upon organ pro-

curement by transplant center’s own staff is a unique system
around the world, but we believe that it played a great role
in improving the outcome after HTx.
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Increased Left Atrial Volume Index Predicts a Poor Prognosis in
Patients With Heart Failure
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ABSTRACT

Background: Left atrial volume index (ILAVI) is known to reflect the duration and severity of increased
left atrial pressure caused by left ventricular (LV) diastolic dysfunction. However, the prognostic value of
LAVI in patients with heart failure (HF) has not been fully investigated.

Methods and Results: Transthoracic echocardiography was performed in 146 consecutive patients
(78 men, 68 women; mean age 72 * 12 y) who were hospitalized for HF. There were 45 cardiac events
(32%) during a median follow-up period of 448 days. There were no significant differences in LV end-
diastolic dimensions or ejection fraction between patients who did or did not have cardiac events. How-
ever, LAVI was markedly higher in patients with, than those without, cardiac events (56 * 26 vs 44 + 22
mL/m*; P < .01). Kaplan-Meier analysis showed that there was a stepwise increase in risk of cardiac
events with each increment of LAVT category, and LAVI >53.3 mL/m?” correlated with the highest risk
of cardiac events (log-rank test; P < .01). Multivariate Cox proportional hazard analysis showed that
high LAVI was an independent predictor for cardiac events (hazard ratio 1.427; 95% confidence interval

1.024—1.934; P < .05).

Conclusion: LAVI may be useful for stratification of risk

2011;17:210-216)

‘in patients with HE (J Cardiac Fail

Key Words: Diastolic dysfunction, left atrial volume, risk stratification, prognostic factor.

Heart failure (HF) is a major cause of death, and it has
a poor prognosis despite the significant reduction in mor-
tality achieved in clinical trials."™ Therefore, the prog-
nostic evaluation and stratification of risk in patients
with HF continue to be important, involving complex
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assessments of multiple interacting variables. Numerous

-studies have shown that left ventricular (LV) systolic dys-

function and diastolic dysfunction are prognostic factors
for HE*

Because the left atrium (LA) is directly exposed to LV
diastolic pressure through the mitral valve, the size of the
LA reflects the duration and severity of increased LA pres-
sure following increased LV diastolic pressure. Therefore,
LA volume is reported to be a sensitive marker of LV dia-
stolic dysfunction.®® Recently, the LA volume index
(LAVI) was suggested as a new marker for cardiac function.
It was also reported that a high LAVI was a powerful pre-
dictor of poor prognosis-after acute myocardial infarction.”
However, the prognostic value of LAVI in patients with HF
has not been fully investigated.

The aim of the present study was to examine the clinical

- significance of LAVI in patients with HE. We hypothesized
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that LAVI increases with increasing severity of HF, and that
LAVI provides important prognostic information.
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Methods
Study Design

Out of 166 consecutive patients with HF, we prospectively stud-
ied 146 patients (78 men, 68 women; mean age 72 + 12 y) who
were admitted to Yamagata University Hospital, Yamagata, Japan,
for treatment of worsening HF or therapeutic evaluation of HF.
The diagnosis of HF was made by 2 senior cardiologists using
the generally accepted Framingham criteria'® and other relevant
information, including a history of dyspnea and symptomatic ex-
ercise intolerance with signs of pulmonary congestion or periph-
eral edema, the presence of moist rales on auscultation, or
documentation of left ventricular enlargement or dysfunction by
chest X-ray or echocardiography.'’

The functional severity of HF at admission was assessed as New
York Heart Association (NYHA) functional class II in 34 patients,
class Il in 73 patients, and class IV in 39 patients. The etiology of
HF was dilated cardiomyopathy in 40 patients (27%), ischemic
heart disease in 37 (25%), valvular heart disease in 19 (13%), hy-
pertensive heart disease in 17 (12%), and other causes in 33
(23%). Diagnoses of hypertension, diabetes, and hyperlipidemia
were obtained from medical records or patient histories of current
or previous medical therapy. Patients with no history of atrial fi-
brillation (AF), and who did not show AF on continuous electro-
cardiographic monitoring during hospitalization, were defined as
patients with sinus rhythm, and patients with transient and chronic
AF were defined as AF patients. The exclusion criteria were renal
insufficiency characterized by a serum creatinine concentration
>2.0 mg/dL (n = 10), severe mitral regurgitation (MR; n = 4)
or previous mitral valve surgery (n = 4), mitral stenosis (n = 1),
and atrioventricular block (n = 1). Informed consent was given
by each of the patients before participation in the study, and the
protocol was approved by the institution’s Human Investigations
Committee.

Blood samples were obtained at admission and discharge for
measurement of plasma B-type natriuretic peptide (BNP), creati-
nine, uric acid, and sodium. Plasma BNP levels were measured
by using a commercially available specific radioimmunoassay
(Shiono RIA BNP assay kit; Shionogi Co, Tokyo, Japan)."! Clin-
ical data, including age, gender, and NYHA functional class at ad-
mission, were obtained from hospital medical records and patient
interviews. Diuretics were administered in flexible doses on the
basis of body weight and daily diuresis. The time of discharge
was decided by 2 senior cardiologists.

Echocardiography

Transthoracic echocardiography was performed 3—7 days be-
fore discharge, on a Hewlett-Packard Sonos 7500 ultrasound in-
strument, equipped with a sector transducer (carrier frequency
of 2.5 or 3.75 MHz). Therefore, all echocardiographic data were
measured at the chronic compensation phase of HE.

LA volume was assessed at LV end-systole by using the biplanar
area-length method from 4- and 2-chamber views.” Measurements
of LA volume were indexed by body surface area (LA volume in-
dex; LAVI). The normal range for LAVI has been reported to be
14-26 mL/m*'>'> An LAVI value =32 mL/m” is considered to
indicate significant enlargement,” and an LAVI value =40
mL/m? is considered to indicate severe enlargement.'*

Left atrial dimension (LAD) was measured at end-systole in the
2-dimensional parasternal long-axis view. LV internal diameter
and wall thickness were measured at end-diastole and

end-systole in the 2-dimensional parasternal long-axis view.!*

LV end-diastolic dimension (LVDd) was used to calculate LV
mass index (LVMI), using an anatomically validated formula.’
LV ejection fraction (LVEF) was calculated using the biplanar
method of disks (modified Simpson rule).'* The Tei index was
measured as previously described.'® All patients underwent
pulsed-wave Doppler examination of mitral inflow. Peak
transmitral-flow E-wave and A-wave velocities, E-wave decelera-
tion time (DCT), and the ratio of E-wave to A-wave were mea-
sured from the apical 4-chamber view. The apical 4-chamber
view was used to obtain tissue Doppler imaging (TDI) of the mitral
annulus. A sample volume of the pulsed-wave Doppler was posi-
tioned at the lateral side of the mitral annulus, and the spectral sig-
nal of the mitral annular velocity was recorded. The peak early (E")
mitral annular velocity was measured and the ratio of the E-wave
to E' (E/E') calculated. All echocardiographic measurements were
calculated as mean values from 5 consecutive cardiac cycles.

Endpoints and Follow-up of Patients

Patients were prospectively followed until the occurrence of
cardiac events, and no patients were lost to follow-up after dis-
charge (median follow-up period of 502 days). The endpoints
were: 1) cardiac death, defined as death due to worsening HF or
sudden cardiac death; and 2) worsening HF requiring readmission
to hospital.'''” Sudden cardiac death was defined as death without
definite preceding symptoms or signs and was confirmed by the
attending physician.

Statistical Analysis

Results are expressed as mean = SD for continuous variables
and as percentages of the total number of patients for categoric
variables. Skewed variables are presented as median and inter-
quartile range. The ¢ test and chi-square test were used for com-
parison of continuous and categoric variables, respectively. When
the data was not normally distributed, the Mann-Whitney test
was used. A Cox proportional hazard analysis was performed
to determine independent predictors of cardiac events for the en-
tire population. Variables that were significant in the univariate
analysis were entered into the multivariate model which adjusted
for age, LVDd, and AE The cardiac event—free curve was ana-
lyzed by the Kaplan-Meier method and compared by the log-
rank test. The optimum LAVI for predicting cardiac events
was determined as that giving the largest sum of sensitivity
plus specificity on the receiver operating characteristic (ROC)
curve. ROC curves were constructed to evaluate the area
under the curves (AUC). Statistical significance was defined as
P < .05. Statistical analyses were performed using a standard
statistics computer program. The intraobserver and interobserver
reliability of LAVI measurements were assessed by 2 echocardi-
ologists in 20 patients, each repeated once. Based on the intra-
class correlation coefficient, the mean intraobserver reliability
of LAVI measurements was 98.0% and the mean interobserver
reliability was 95.6%.

Results

Clinical Characteristics of the Study Subjects
The mean age of the study subjects was 72 * 12 years,

53% of the patients were men, 36% were classified as AF
patients, and 77% were in NYHA functional classes III or
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Table 1. Comparison of Clinical Characteristics Between Patients With and Without Cardiac Events

Event Free Cardiac Event
(n = 101) (n = 45) P Value

Age (y) 72+ 12 73 = 11 4915
Gender (M/F) 49/52 29/16 0748
NYHA functional class I-IVIII-IV (at admission) 28/73 6/39 .0485
NYHA functional class I-I/II-IV (at discharge) 101/0 44/1 1027
AF 35 (35%) 18 (40%) .5350
Heart rate (beats/min) 66 = 12 69 + 13 3177
Hypertension 63 (62%) 27 (60%) 7851
Diabetes mellitus 36 (36%) 17 (38%) 8044
Hyperlipidemia 36 (36%) 16 (36%) 9918
Current smoking 47 (47%) 22 (49%) 7925
Etiology of heart failure 6859

DCM 31 (31%) 9 (20%)

ICM 23 (23%) 14 (31%)

VHD 13 (13%) 6 (13%)

HHD 12 (12%) 5 (11%)

Others 22 (22%) 11 (24%)
Echocardiography

LAD (mm) 42 + 8 46 = 8 .0106

LVDd (mm) 56 £ 21 53+9 4614

LVEF (%) 47 + 15 43 + 16 1701

E/A (sinus rhythm) 0.85 + 045 099 = 0.73 2231

Deceleration time (ms) 190 + 57 182 = 69 4538

Tei index 0.56 = 0.33 0.64 + 0.37 .3884

MR moderate 13 (13%) 12 27%) .0361

LVMI (g/m?) ‘ 201 + 69 225 + 81 .1098

E/E 11.0 £ 6.2 13.8 =79 0184

LAVI (mL/m?) 44 * 22 56 + 26 0037
Blood marker at admission )

BNP (pg/mL) 516 (266—1100) 765 (401—1375) 0823

Log;o BNP 275 £ 0.44 2.86 = 0.35 1633

Serum creatinine (mg/dL) 092 = 0.39 0.97 + 0.38 .0244

Uric acid (mg/dL) 6.6+ 19 68 =19 0424

Sodium (mEq/L) 141 = 4 140 = 4 .3289
Blood marker at discharge

BNP (pg/mL) 216 (88—399) 259 (129—-447) .0027

Log;o BNP 229 + 0.47 2.56 = 0.38 .0010
Medication

ACE inhibitors or ARBs 88 (87%) 37 (82%) 2871

B-blockers 67 (66%) 24 (53%) .1039

Ca-channel blockers 26 (26%) 7 (16%) .1401

Diuretics 90 (89%) 41 91%) 7129

Digitalis 20 (20%) 6 (13%) 2182

AF, atrial fibrillation; DCM, dilated cardiomyopathy; ICM, ischemic cardiomyopathy; VHD, valvular heart disease; HHD, hypertensive heart disease;

LAD, left atrial dimension; LVDd, left ventricular end-diastolic dimension; LV

EF, left ventricular ejection fraction; LVMI, left ventricular mass index;

LAVI, left atrial volume index; BNP, B-type natriuretic peptide; ACE, angiotensin-converting enzyme; ARB, angiotensin-receptor blocker Results are pre-

sented as mean £ SD, n (%), or median (interquartile range).

IV at admission. The etiology of HF was ischemic heart dis-
ease in 25% and nonischemic heart disease in 75%. The
mean LVDd, LVEF, and LAVI were 56 mm, 46%, and
48 mL/m?, respectively. The median plasma BNP level at
admission was 583 pg/mL.

Follow-up was completed for all patients. There were 45
cardiac events (31%) during the follow-up period, and these
comprised 7 cardiac deaths and 38 rehospitalizations for
worsening HE.

The clinical characteristics of patients with or without
cardiac events were compared (Table 1). NYHA functional
class was worse in patients with cardiac events than in those
without cardiac events. There were no significant differ-
ences in age, gender, prevalence of AF, hypertension, dia-
betes mellitus, hyperlipidemia, or etiology of HF between
patients with or without cardiac events (Table 1).

Echocardiographic Parameters

LAD, E/E/, and LAVI were greater and MR more severe
in patients with than in those without cardiac events
(Table 1). There were no significant differences in other
echocardiographic parameters between patients with and
without cardiac events (Table 1).

Medication Use and Blood Markers at Admission

Serum creatinine and uric acid levels were significantly
higher in patients with than without cardiac events
(Table 1). Although there was no significant difference in
plasma BNP levels at admission between patients with or
without cardiac events, plasma BNP levels at discharge
were significantly higher in patients with than without car-
diac events. There were no significant differences in



