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regulated by PU.1 in myeloid and B cells (26), it is not surprising
that PU.1 plays a crucial role in ILT transcription. To a lesser
extent, Spl family transcription factors also affected trans-activa-
tion of ILT2/4, especially ILT2. Because Spl is ubiquitously ex-
pressed and regulates a large number of genes (27), this may ex-
plain the wide tissue distribution of ILT2. In contrast, it is
intriguing that transcription of the activating receptor ILT1 is reg-
ulated by a unique mechanism. In addition to PU.1, Runx] (also
termed AML1) was important for the transcriptional activity of
ILT1. Runx! is a member of the rint family of transcription fac-
tors, which is absolutely required for hematopoiesis and is in-
volved in leukemogenesis (28 —-30). Runx1 functions in numerous
gene promoters and is known to interact with ets family transerip-
tion factors Ets-1 and PU.1 to cooperate in the regulation of TCR
a and (3 enhancers and the M-CSF promoter, respectively (31-33).
This corresponds to our findings that Runx1 and PU.1 bound to the
ILT1 core promoter in close proximity and cooperated. Further-
more, the Runxl binding motif TGTGGT was carried only by
ILT1, but not by ILT2/4 (TGTGGC; Fig. 1A), supporting the idea
that ILT1 alone uses this region as a promoter. The ILT1 core
promoter also possesses a heat shock element. Among the NKG2
family of NK receptors, the stimulatory NKG2D receptor recog-
nizes the stress-inducible ligands, MHC class I-related chain A and
MHC class I-related chain B (4). As the ligand for ILT1 has not
been identified yet, it may possibly be a stress- or heat shock-
related protein.

Chromatin remodeling is largely involved in modulation of the
immune system, such as controlling Thl and Th2 deviation or
V(D)J recombination (34-36). Open chromatin is characterized by
hyperacetylation of associated histones as well as the increased
accessibility of transcription factors (37). In our study treatment of
cells with TSA enhanced the expression of ILT4, and high levels
of histone acetylation and chromatin opening at the ILT4 core
promoter locus were observed only in myeloid cells. Thus, chro-
matin remodeling by histone acetylation contributes to the strictly
limited expression of ILT4 within myeloid lineage cells only. The
effects of histone acetylation appear to be different between KIR
family and ILT family gene expression, because it was recently
reported that KIR expression was controlled by DNA methylation,
and TSA treatment did not result in the induction of KIR gene
expression (38, 39). The mechanisms controlling chromatin struc-
ture of the ILT locus remain to be determined; however, there may
exist regions that recruit chromatin remodeling factors and affect
the transcription of ILT genes in distant locations. In many genes
distal regulatory elements, designated locus control regions, can
cooperate with proximal promoters by opening local chromatin
and maintaining a transcriptionally competent domain that confers
tissue-specific and physiological levels of transcription.

A wealth of information has now been accumulated on genom-
ics, structure, distribution, and biochemical and functional charac-
teristics of ILT family receptors. Recently, CD8*CD28™ alloan-
tigen-specific T suppressor cells were reported to up-regulate [LT3
and ILT4 (40). Although ILTs are certain to modulate the function
of myeloid cells, their physiological significance is still largely
unknown. HCMV is a major pathogen in immunocompromised
individuals, and an active infection usually leads to mortality. Al-
theugh primary infection elicits an immune response through the
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production of various inflammatory cytokines, the response is in-
sufficient to eliminate the virus, and life-long infection persists (16,
41). HCMV has strategies to subvert the immune system, for ex-
ample, down-regulation of HLA class I molecules and expression
of UL-18 to escape from recognition of infected cells by virus-
specific T cells and NK cells, respectively (42—45). Myeloid cells,
such as monocytes and tissue macrophages, play prominent roles
in the host response to HCMV infection and are also an important
reservoir during latent infection. HCMV infection of monocytes
results in synthesis only of the IE and early gene products, which
are critical factors in immunosuppression and have a dramatic in-
fluence on monocyte function (46—48). Our experiments showed
that HCMYV selectively trans-activated the ILT2 and ILT4 promot-
ers through the expression of IE1 and IE2 proteins. These results
present a potential new mechanism of immune evasion by HCMV
to suppress the function of myeloid cells through up-regulation of
inhibitory ILTs.
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ABSTRACT

We investigated how the cardidpulmonary exercise testing (CPX) contribute to evaluate the
pathophysiology of the patients with atrial fibrillation (AF). According to the results of the CPX,
among patients with AF having mixed underlying heart disease, a reduction in maximal exercise
capacity was observed. InA addition, the inordinately high maximum heart rate during exercise
cannot adequately compensate for the loss of the atrial contribution. The impairment of the
exercise capacity and the prognosis in patients with AF are related more to underlying heart dis-
ease than to the arrhythmia itself. The heart rate response to exercise in patients with AF

depends on the severity of atrial organic injury.

The organic as well as functional disorders in the patients with AF were estimated by the eval-

uation of exercise capacity using the CPX.

Key words: atrial fibrillation, cardiopulmonary exercise testing, exercise capacity, prognosis

INTRODUCTION

Atrial fibrillation (AF), which is one form of arrhyth-
mia observed at a high rate, has been considered to
occur in 0.156~1.6% of the overall population and 8-17%
of patients over 60 years of age.” Atrial fibrillation has
three clinical problems as follows: the first, atrial
thrombus as the source of thrombotic embolism, the
second, a decreased cardiac output due to a loss of
atrial contraction, and the third, the development of
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palpitation due to an irregular heart rate and tachycar-
dia. Historically, the investigations from the view point
of the elctrophysiology or the cardiac.morphology
have been widely used in terms of AF. However, we
fried to investigate it from the other view points like
the exercise cardiology because we should evaluate
exercise capacity and prognosis of the patients with
AF,

1. The Effcts of Cardioversion on Exercise

Capacity

The contribution of atrial function to exercise capac-
ity remains unclear. Herein we describe hemodynamic
and ventilatory gas exchange responses to maximal
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exercise among 20 male patients (mean age 58 +/—
12 years) with AF before and after cardioversion.”

The underlying cardiac diseases were: no underlying
heart disease in 6 cases, cardiomyopathy in 5 cases,
hypertension in 4 cases, coronary heart disease in 2
cases, valvular heart disease in 2 cases, the other in 1
case. Their mean left atrial dimension and mean left
ventricular ejection fraction (LVEF) estimated by 2-D
echocardiography were 48 +/— 13 mm and 58 +/—
16%, respectively. " -

Synchronized direct current cardioversion was per-
formed until sinus rhythm was achieved. Maximal
exercise testing with ventilatory gas exchange analysis
(cardiopulmonary exercise testing: CPX®) was per-
formed before and an average of 62 days after success-
ful cardioversion. Ventilatory gas exchange was meas-
ured on a breath-by-breath basis with a gas analyzer.
From these measurements, the ventilatory equivalent
for VO: was calculated as VE/VQ: and for CO: as
VE/VCOQ;, and the gas exchange ratio as VCO~VO:. The
anaerobic threshold (AT)* was principally determined
using the V-slope method. Peak VO: was defined as the
average of values obtained during the last 30 sec of
exercise.

Table 1 surnmarizes the variables before and after
the cardioversion. At rest, mean heart rate was signifi-
cantly lower after cardioversion. At the AT, mean
heart rate was reduced and VO: was slightly but signifi-
cantly higher following cardioversion (p <0.01). Mean
maximum heart rate was reduced after cardioversion.
The mean maximum heart rate before and after car-
dioversion was significantly lower than that estimated
for age, respectively (p <0.01 and p< 0.05, respective-
ly). Peak VO: was slightly but significantly higher (p <
0.01) while VE/VCO: was significantly lower following
cardioversion (p < 0.05). According to the multivariate
analysis, echocardiographic measurements of left ven-

tricular function and left atrial size were unrelated to
exercise capacity. The strongest variables that was sig-
nificant predictors of peak VO: was the maximum
heart rate.

Several investigators have reported hemodynamic
differences between normal sinus rhythm and AF
before and after cardioversion.™® These include
marked reductions in heart rate and modest increases
inlstroke volume and cardiac output. However, no
improvement in peak VO: or echocardiographic vari-
ables was obtained 1 day after successful cardiover-
sion, but significant improvements in stroke volume
and peak VO: were observed 1 month later.” Atwood
et al® reported approximate 10% improvement in peak
VO: after cardioversion while a mean 48 beats/min
reduction in maximal heart rate left many patients
chronotropically incompetent. Yigit et al'® also report-
ed that restoring sinus rhythm by cardioversion
improved excessive heart rate responses to exercise
significantly in patients with AF during both isometric
and isotonic exercises. Gosselink et al' concluded
that cardioversion is the best method of improving
functional capacity in patients with atrial fibrillation,
whether or not they havé underlying heart disease and
whatever their functional state.

In summary, among patients with AF having mixed
underlying heart disease, a reduction in maximal exer-
cise capacity was observed. After successful car-
dioversion to normal sinus rhythim, exercise capacity
was improved, although it remained less than normal
values for age. The heart rate response to exercise
after cardioversion is consistent with chronotropic
incompetence.

2. Comparison of Exercise Capacity Between
Atrial Fivrillation and Normal Sinus Rhytm

Previous cardioversion studies have demonstrated

Table 1 Summary of data at rest, AT (anaerobic threshold) and maximum exertion before and after cardioversion (DC).

Heart rate Heart rate AT Heart rate Peak VO, VE/VCO.
at rest at AT at maximum exertion
(beats/min)  (beats/min)  (ml/minvkg) (beats/min) (ml/minvkg) ()
Before DC 98425 152 4-25 16.6£3.7 188129 22.4+59 37.4+£6.2
After DC 71+£13" 117£18* 17.7+£4.3* 143 +21* 23.2£5.3% 35.3£5.6*

Predictive value of maximal heart rate for age: 162 + 12 beats/min. *p < 0.05, **p < 0.01.
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small but clinically important hemodynamic advan-
tages of normal sinus rhythm (NSR) over AF,”® includ-
ing increases in submaximal cardiac output and stroke
volume and increases in exercise capacity. However,
heart rate response to exercise after cardioversion
was chronotropically incompetent. Accordingly, we
evaluated a group of male patients with AF without
underlying heart disease, among whom maximal exer-
cise testing with CPX and matched them by age and
ventricular function with a group of normal men with
NSR.W

Twenty male volunteers with chronic AF (mean age
63 +/— 2 years) and 20 male volunteers with NSR
(mean age 60 +/— 2 years) were selected for the
study, after matching for age and left ventricular ejec-
tion fraction by means of resting echocardiography.
CPX was performed as described before.

A summary of patients profiles, exercise data, and
echocardiographic data is presented in Table 2. Rest-
ing heart rate was significantly higher in patients with
AF than those with NSR. The group with AF exhibited
left atrial dimension consistent with clinical left atrial
enlargement which differed from the NSR group (p<
0.01), while left ventricular ejection fraction was not
significantly different between the 2 groups. The mean
maximal heart rate achieved by patients with AF was
significantly higher than that predicted for age and
that in subjects with NSR (p <0.01, respectively).
Mean peak VO: among patients with AF was signifi-
cantly lower than that estimated for age and also
lower than that compared to subjects with NSR (p<
0.01, respectively).

This investigation demonstrated the comparison of
the exercise capacity between AF and normal NSR

without influence of cardioversion which caused
chronotropic incompetence. The markedly lower
(approximately 20%) peak VO: in AF patients despite a
higher maximum heart rate and normal resting left
ventricular function suggests attenuated stroke vol-
ume responses to exercise. Thus the inordinately high
maximum heart rate in patients with AF cannot ade-
quately compensate for the loss of the atrial contribu-
tion to ventricular filling and thus cardiac output dur-
ing exercise.

3. Exercise Capacity in Patients with Chronic
Atrial Fibrillation Accompanied with Various
Underlying Heart Diseases

Recent data have demonstrated that reduction in
exercise tolerance in patients with AF are associated
with the accompanying heart disease.'® Moreover,
exercise capacity cannot be predicted using routine
resting parameters in patients with underlying heart
disease.”” Thus the following study was undertaken to
investigate the influence of cardiac size, function, and
underlying heart disease on the exercise capacity in
AF patients.”?

A total of 79 men (mean age 63 +/— 11 years) were
included in the study. They all underwént prhysical
examination, resting echocardiography, and CPX.
They were then divided into the following b sub-
groups: those without underlying heart disease
(LONE: n=17), hypertension (HT: n=11), dilated car-
diomyopathy or a history of congestive heart failure
(CHF: n=26), ischemic heart disease (IHD: n=13),
and valvular heart disease (VALV: n=12) (Table 3).

Mean values for age, resting heart rate were not sig-
nificantly different among patients subgroups. Howev-

Table 2 Summary of data at rest and maximum exertion between patients with atrial ﬁbrillation and subjects

with normal sinus rhythm.

Atrial fibrillation Sinus rhythm P

Resting Age (years old) 631 602 0.12

Left atrial dimension (imm) 468+1.9 40.56%+1.2 <0.01

Left ventricular ejection fraction (%) 62.6+15 62.6 1.7 0.98

Heart rate (beats/min) 92+4 656+2 <0.01

Maximum Heart rate (beats/min) 1897 160 %4 <0.01
exertion Age predicted heart rate (beats/min) 1696 169+6 -
VO, (ml/min/kg) 234+0.8 28.1+1.3 -

age predicted VO, (ml/min/kg) 28.7+0.9 28.71+0.9 <0.01
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Table 3 Summary of data at rest, AT, and maximum exertion in patients with atrial fibrillation accompanied with vari-

ous underlying heart disease.

LONE HT IHD VALV CHF
Resting Age (years old) 632 6442 64+2 63+2 64+2
Heart rate (beats/min) 89+3 97£8 89+5 81:£4 935
Left atrial dimension (mm) 44.1+1.7 509+ 1.8 46.4+2.2 54,7127 50.2+24
Left ventricular ejection fraction (%) 59.1+2.5 659.21+3.56 59.4+3.2 5841 3.9 446124
AT VO (ml/min/kg) 16.4+0.8 180413  154%08 148+09  14.1+0.6
Maximum  Heart rate (beats/min) 191+8 187+8 178+8 162+8 1656+56
exertion Age predicted heart rate (beats/min) 1677 166 £8 15948 167£8 157+6
VO: (mV/min/kg) 238+1.1 234412 212412  193%09  186%09
Age predicted VO, (ml/min/kg) 28609 285+1.1 284+13  287+11  286=£09

LONE: without underlying heart disease, HT: hypertension, IHD: ischemic heart disease, CHF: dilated cardiomyopathy or
a history of congestive heart failure, VALV: valvular heart disease, AT: anaerobic threshold.

er, left atrial dimension was significantly greater in
VALV than in LONE (p<0.05). Left ventricular ejec-

tion fraction in CHF was significantly lower than all .

other groups (p<0.001). The mean VO: at the AT in
LONE subjects was higher than in patients with CHF
(p<0.05). The mean maximum heart rate for all 79
patients was significantly higher than that estimated
for age (p <0.01). These maximum heart rates were
particularly high in LONE and HT patients. The mean
maximal heart rate observed among LONE subjects
was higher than in patients with CHF or VALV (p<
0.05, respectively). The average peak VO: in all
patients, including LONE subjects, was somewhat
lower than predicted values for age-matched normal
subjects (p < 0.05). Peak VO: in LONE and HT was sig-
nificantly higher when compared with values in CHF.
Previous studies have reported that exercise toler-
ance in patients with AF without underlying heart dis-
ease is similar to that of age-matched normal sub-
jectsj‘“’ In a heterogeneous population of patients with
AF, Hornsten et al™® reported that despite an increase
in submaximal and maximal heart rates of approxi-
mate 25 beats/min among patients with AF compared
with age-matched normal subjects, exercise capacity
was not different between groups. The studies evaluat-
ing the exercise response of patients with AF have
been not apt to consider the potential rble of underly-
ing heart disease. In the patients with morphologic
heart disease, that is, those with congestive heart fail-
ure, valvular heart disease, or ischemic heart disease
had approximately 20% lower values for peak VO: than
oatients with AF alone or hypertension without mor-

phologic disease in our study. This is in agreement
with the findings of Atwood et al," who observed a
19% higher peak VO: among patients with AF alone
versus patients with AF and associated heart disease.
However, even in the patients without morphologic
disorders, peak VO: was much lower than that expect-
ed for age-matched normal subjects. In addition, exer-
cise tolerance is not influenced by cardiac size or func-
tion at rest in patients with AF.

The present data demonstrated that peak VO2 is
reduced in patients with chronic AF, but the degree of
the reduction is associated with underlying cardiac
pathologic conditions. Higher than normal ventricular
response to exercise in patients with AF compensate
only partially for the loss of atrial function; they are
inadequate to maintain normal exercise capacity.

4. Exercise Capacity and Prognosis in Patients

with Chronic Atrial Fibrillation

Many patients with AF have underlying heart dis-
ease, but several reports suggest that so-called lone AF
is more prevalent than previously thought.®**” Progno-
sis is & concern in patients with AF because of a sus-
pected higher incidence of heart disease and stroke.”*’
However, there were few studies which have exam-
ined prognosis using variables obtained by exercise
testing or were based on the disease process underly-
ing AF.

We evaluated the response to exercise in patients
with chronic AF and investigated whether prognosis
could be predicted by exercise variables or underlying
heart disease.™ A total of 200 male patients (inean age
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64 +/— 11 years) with AF were identified retrospec-
tively who underwent resting echocardiography and
symptom-limited exercise testing. They were catego-
rized by history, physical examination, resting
echocardiography, and/or cardiac catheterization as
described above 5 subgroups (Table 4). However, in
’survival analysis, LONE and HT were combined as

LONE, and CHF and VALV were combined as CHF-VD.

~ Treadmill exercise testing was performed using a mod-
ified Balke-Ware protocol and VO: was estimated from
the external work ascribed to the highest completed
treadmill stages as the number of metabolic equiva-
lents (METS).

The mean values of left atrial dimension in CHF and
VALV were significantly greater than that in LONE.
Left ventricular ejection fraction in CHF was signifi-
caritly lower than all other groups (p <0.01). The mean
METSs at maximum exertion was significantly higher in
LONE than that in IHD and CHF (p <0.001). Stepwise
niultiple regression among clinical, morphologic, and

. exercise variables revealed that the classification by
group (i.e.;;underlying heart disease) was the only sig-
v Vﬁiffl‘cant predictor of exercise capacity (R? =0.13, p<
- 0.01). After a mean 39.1-month follow-up, 17 of 200
haddled from cardiovascular causes. The rate of car-
- diac death using Kaplan-Meier survival analysis was
"‘:,\."!lsigljiiﬁ"(:‘a,ntly greater in CHF-VD patients (p<0.01,
| Fig. D). Cox hazard ratios were also observed among
patiehts with CHF-VD (7.1, p< 0.01).
0g11051s in AF is naturally dependent upon the age

w1th various underlying heart disease.

serious cardiac condition with impending, if not actu-
al, heart failure. In the 1960s, a mortality rate of 34%
within the first year and 76% within 3 years was con-
sidered ordinary in patients with AF, which was attrib-
uted to the severity of underlying heart disease.*
Although prognosis has improved markedly in recent
years due to advances in therapy, chronic AF contin-
ues to be associated with a relatively high mortality.?”
Particularly, among chronic AF patients with a history
of congestive heart failure, cardiomyopathy, or valvu-
lar heart disease, there exists a more abnormal
response to exercise and a poorer prognosis than
those without morphologic heart disease or with

) K1 —"
".'""'"“ Eop— " IHD ]
R T
0.75- hat
z **1 CHF-VD
-3 --------------
a
8
5 0.50-
:
7]
0.25 =
0.00 T 7 7 T T —
4] 1 2 3 4 5 6
Time (years)

Fig. 1 Kaplan-Meier survival analysis for patients with
AT accompanied with various underlying heart
diseases. Mortality was higher among CHF-VD
(dilated cardiomyopathy, a history of congestive
heart failure, or valvular heart disease) versus
LONE (without underlying heart disease or
hypertension) and IHD (ischemic heart disease).

~Summary of data at rest, maximum exertion, and prognosis in patients with atrial fibrillation accompanied

LONE HT HD VALV CHF
- Number - o 25 45 13 40

- =Age (years old) 6341 66t1 641 6312 64=x1
- Left atrial dimension (mm) 44409  48.6%2.1 459+12 B3.1+3.3 51.7-+1.8
.- Left véntricular ejection fraction (%) 62.4% 1.7 59.8+3.4 60.1+22 59.31+3.8 45.71+1.8

- Heart rate (beats/min) 160+4 167+4 140+5 16048 1505
. -METs 78104 7.2%0.5 6.4+04 6.7+0.6 5804
o Age predicted METs 82403 81204 82104 8.21+0.6 8.2+04

it - Cardiovascular death (n, (%)) 1D 1(4) 24 2 (16) 11 (28)

withio l"liout underlying heart disease, HT: hypertension, IHD: ischemic heart disease, CHF: dilated cardiomyopatiy or
f cOngestwe heart failure, VALV: valvular heart disease, METs: metabolic equivalents.
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ischemic heart disease. The response to exercise and
the prognosis in patients with AF are related more to
underlying heart disease than to the arrhythmia itself.

5. Predictors of the Heart Rate Response to

Exercise in Patients with Chronic Atrial Fibril-

lation

In patients with AF, the problem of overwhelming
tachycardia during exercise is often encountered in
the routine clinical setting. With the objective of evalu-
ating the factors that determine the heart rate
response to exercise in patients with atrial fibrillation,
we conducted the following investigation.™

The subjects included a series of 60 patients with
atrial fibrillation (25 men and 356 women, mean age
61 +/— 10 years) who underwent CPX. Blood was
sampled before and immediately after exercise testing
to determine the concentration of atrial natriuretic

peptide (ANP). The underlying cardiac diseases were: .

mitral stenosis in 12 cases, mitral regurgitation in 27
cases, mitral stenosis with regurgitation in 16 cases,
atrial septal defect in 3 cases, aortic insufficiency in 1
case, and constrictive pericarditis in 1 case. The sub-
jects were classified into responder and non-respon-
der groups; those who achieved a maximal heart rate
upon the termination of exercise reaching the predict-
ed maximal heart rate by age or more were classified
into the responder group (n=30) and those who did
not reach the maximal heart rate into the non-respon-

der group (n=30). Various parameters of 2-D echocai-
diography and cardiac catheterization at rest were
compared between the 2 groups.' In some patients (6
per group), atrial muscles resected during the Maze
operation,” which is radical surgery for atrial fib’rilié—
tion, were examined histologically. In the tissues
resected from the bilateral atrium, the severity of
myocardial degeneration, interstitial fibrosis and endo-
cardial thickening were scored semi-quantitatively as
0, 1, 2 and 3, respectively, and the evaluation was
made according to the total score (index of tissue
injury).®

Table b summarizes the background factors and out-
comes in the responder and non-responder groups.
The resting and maximum heart rate in the responder
group were significantly higher than those in the non-
responder group (p<0.05, p<0.01 respectively). The
left atrial 'dimension revealed a significant lower val-
ues in the responder group (p<<0.05). The tissue injury
index was showing a smaller value for the responder
group (p<0.01). The peak VO: was significantly high
in the responder group compared to the non-respon-
der group (p<0.01). Although the ANP level at rest
was insignificant between the two groups, there was a
tendency for a higher ANP after exercise testing in the
responder group than in the non-responder group (p =
0.09).

In the present study, we evaluated the factors that
determine the heart rate response to exercise in

Table 5§ Swmmary of background characteristics and outcomes of various variables in both

responder and non-responder group.

Responder group Non-responder group
Nuwnber of patients 30 30
Gendeér; male/female ratio (cases) 12/18 18/17
Age (years) 609 61£9
Maximum heart rate (beat/min) 184 19" 132119
Resting heart rate (beat/min) 804 14* 71415
Pulmonary wedge pressure (nmkHg) 167 © 146
Left ventricular ejection fraction (%) 581+ 14 60x13
Qral digitalis prescription (cases) 28 26
AT (ml/kg/min) 122+18 11.3+2.3
Peak VO, (ml/kg/min) 18437 16.3+2.2
Left atrial dimension (mm) Bbx11* 62+14
Tissue injury index 7.8+£1.7% 12.0£1.9
Plasma ANP level at rest (pg/ml) 11957 99+ 48
Plasma ANP level after exercise (pg/ml) 1881148 12777

ANP: atrial natriuretic peptide, AT: anaerobic threshold. *p < 0.06, ** p<0.01.
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patients with atrial fibrillation. The responder group
showed a smaller left atrial dimension than the non-
responder group, which suggested a milder load on the
left atrium in the responder group than in the non-
responder group. We reported that of the patients who
underwent the Maze operation those with a smaller
left atrial dimension maintained the sinus rhythm after
surgery.” This suggests that the left atrial dimension
could be used as an index for represehting the severity
of left atrial injury. The ANP concentration after exer-
cise testing showed a tendency for a higher value for
the responder than the non-responder group. This
means that ANP secretion by the atrium is used as an
indicator of the left atrial injury. It was also considered
from the aspect of ANP secretion that the heart rate
response to exercise is larger with milder atrial func-
tional disturbance. Such a higher VO: in the respon-
ders with a better heart rate response may be inter-
preted as reflecting the fact that the peak VO: depends
on the maximum heart rate, maximum stroke volume,
and the difference between the maximum arterial and
versus oxygen contents. According to a semi-quantita-
tive histological evaluation, heart rate response to
exercise was greater with milder anatomical atrial tis-
sue injury.

The heart rate response to exercise in patients with
AF depends on the severity of atrial organic injury.
Conversely, this may indicate that the severity of atrial
injury can be predicted from the heart rate response o
exercise. ‘

CONCLUSIONS

The prognosis and the degree of atrial organic injury
in the patients with AF were predicted by the evalua-
tion of exercise capacity using the CPX. Accordingly,
the examination like exercise testing was needed to
estimate the organic as well as functional disorder in
the patients with AF.
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