TAMIRA eral: MONITORING AND EVALUATION OF BLOOD PRESSURE CHANGES WITH A HOME HEALTHCARE SYSTEM
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Fig. 4. One-year monitoring of BP, estimated calorie expenditurs based on
{he number of sieps wilked and exercise training, sleeping conditions, and body
weight for the Worsened cases, ID¥2037 and TD#2049. ID2049 did not get 1
year data for walking calorie and sleeping conditions.

C. Results of Multivariate Regression Analysis

Two cases that showed improvement and two that showed
worsening over the study period were analyzed.

In acase showing SBP improvement; ID#2001, the coefficient
of determination (R?) was 0.47. In this case, SBP was reduced
by 4.3 mmHg, with a cumulative total energy expenditure of
10000 keal by exercise and walking (t = ~9.04), However, body
weight was not a significant index of changes in SBP. ID#2065

showed a lower coefficient of determination (R = 0.24), In_

this case, sleep influenced the morning SBP. SBP declined by
2.0 mmHg with an increase of 1 hin sleeping time. Furthermore,
SBP was reduced by 2.5 mmHg with weight loss of 1 kg.

In the case showing worsening of SBF, ID#2037, the co-
efficient of determination was R® = 0.57. In this case, SBP
increased by 4.1 mmHg, with a cumulative total energy expen-
diture of 1000 keal (¢ = 5.65). This lower accumulated energy
expenditure was associated with the elevation of SBP. ID#2049
showed a coefficient of determination of R* = 0.43. In this case,
SBP was also increased by 2 mmHg with total energy expen-
diture of 1000%eal (¢ = 7.93) and SBP increased by 9.1 mmHg
with an increase of 1 g in body weight.

D, Evaluation of Walking/Exercise/Energy Expenditure

Subject ID#2001 showed improvement in SBP, with energy
expenditure of 333 % 159 kcal/day (8805 = 3756 steps/day)
over a period of 346 days. ID#2065 showed energy expenditure
of 421.8 == 215.0keal/day (10 126 == 4342 steps/day) over 241
days. On the other hand, subjects ID#2037 and ID#2029 who
showed worsening of SBP had energy expenditure levels of 34 £
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Fig. 5. The relationship between changes in SBP from the first 1o the last 3
months and steps walked,
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Fig. 6. Distribution of steps’ walked for the four subjects shown in
Figs. 3and 4,

115 keal/day over 86 days and 194 :+ 132kcal/day over 293
days, respectively. The number of steps walked and estimated
energy expenditure were determined from the days on which
the subject wore the pedometer. Fig. 5 shows the relationship
between changes in SBP and steps walked. The intercept for
reducing SBP was around 7000 steps per day.

Fig. 6 shows detailed examples of the distribution of the
number of steps walked in the improved and worsened cases.

On average, the energy expenditure of subjects who showed
improvements in SBP showed a normal distribution, whereas the
distribution of steps for those in whom SBP worsened showed
higher proportions of low-level energy expenditure.

1V, DISCUSSION.
A, Participants

We developed a simple home healthcare system and per-
formed 1-year monitoring for blood pressure control in terms of
exercise and sleep. Such lyear monitoring can be troublesome
for the subjects, especially the elderly. Our monitoring protocol
included a number of restrictions, such as the careful handling
of the BP device and monitoring time, Thus, only very limited
data were received from the subjects. In fact, only 31 of 61 sub-
jects attempted to measure the physiological parameters. more
than 150 times. Three of these 31 subjects showed significant

—bH53—



improveinent in SBP but two showed significant’ deterioration
of the health condition.

Most previous studies examined the relationship between
SBP reduction and exercise, based on data for periods of 6
months. For 1-year monitoring, it is necessary to simplify the
handling of medical devices, especially for the elderly.

1) Watkmg Steps' Our results indicated that higher numbers
of walking steps were associated with improved SBE. Paffen-
barger et al. [11] recommended increasing energy expenditure
by 2000 keal per week to reduce SBP. This is equivalent fo
300 keal per day, which corresponds to the energy expenditure
of around 10000 steps. In previous reports, 12 weeks of walk-
ing (average number of walking steps: 13 510 ::837 steps/day)
showed improvements of 10.2 and 8.4 mmHg in SBP and DBP,

respectively [12]. Moreau et ¢l. reported that resting SBP was

reduced by 6 mmHg (P < 0.005) after 12 weeks and was further
reduced by 5 mmHg at the end of 24 weeks (P < 0.005)[10]. In

our studies, ID#2001 showed reductions of 10.4 and 7.0 mmHg

in morning SBP and DBP after 1 year, respectively, ID#2065

also showed reductions of 8.7 and 5.1 mmHg in moming SBP
and DBP, respectively. These results support the findings re-

ported by Moreau et al. [10]. Additionally, Fig: 5 shows that a
feduction in SBP requited that the subject walked for more than
7000 steps per day. This agrees with previous findings [12].

Several intervention studies nsed periods of 12 or 24 weeks.
In case ID#2001, the averaged SBP and DBP were reduced by
14.1 and 5.1 mmHg; respectively, after 24 weeks, However, after
1 year, the SBP and DBP were reduced by 104 and 7.0 mmHg,
respectively. On the other hand, ID#2065 showed reductions
of 3.6 and 4.5 mimHg in SBP and DBP, respectively, after 24
weeks. After 1 year, the reductions were 8.7 and 5.1 mmHg in
SBP and DBP respectively. The rate of reduction differs among
individual subjects as well as by season.

With regard to the: intensity of walking, MET (metabolic
equwakent task) above 3 is recommended to produce. health
benefits (ACSM/AHA recommendation) [13]. To promote and
maintain health, all healthy adults need to engage in moderate-
intensity aerobic physical activities, such as walking for a min-

imum of 30min per day 5 days a week, or vigorous intensity

aerobic activity for a minimiun of 20min per day 3 days a
week, In our pedometer study, we could only estimate exercise,
based on the number of walking steps per hour, The data for
ID#2001 and ID#2065 shown in Fig. 6 suggested that both sub-
jects walked more than 1000 steps/h. However, this result did
not indicate large percentages of high intensity physical activ-
ity, above 3 'METS, with a walking speed of 4 km/h and around
5300 steps/h. Nevertheless, subjects with more than 7000 walk-
ing steps per day showed reductions in SBP.

The estimation 1s also difficult because of the very large de-
gree of variance in the number of walking steps and because
constant walking is typically not possible in the elderly, because
of daily changes in physigal condition and motivation. For ex-
ample; subjects may not go outside on days when the weather
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was bad. Thus, they met the recommendations on only some
days during the period of monitoring.

2) Physical Strength, Determined Using an Ergometer:
1D#2001 attempted to use the ergometer as an exercise tool
and performed to the predetermined intensity of S0W (about
3 METs) 188 times per year. The average exercise time was -

29.6 % 4.8 min/time and expended 97.1 + 17.5 keal/time. One-

third of the reduction criterion of 300 kcal was concentrated in
the 30-min exercise test. This exercise was good for the winter
when the subjects remained at home. That is, the exercise test
is safe and applicable for the elderly because it is an indoor

‘activity,

3} Exercise for the Elderly: The ACSM/AHA recommnds
resistance training at least twice per week to provide a safe and
effective means of improving muscular strength and also fre-
quent exercise to impiove BP. However, élderly subjects have

an increased risk of iﬁjﬁry and other adverse events, and there-

fore exercise must be performed carefully. In a systematic re-
view of studies performed to evaluate the associations between
pedometer use and changes in physical activity and health out-
comes, Bravata et al. [14] reported that the mean intervention
duration was 15.2 weeks, and that no evidence was available

regarding whether the changes associated with pedometer use

were maintained over the long term.

Several conclusions based on the resulis of this study are as
follows:

1) If the subject performed the exercise with a total energy

expenditure of 300 keal, the BP was reduced over a period
-of 3 months,

2) The number of walking steps showed a Jarge degree of
variation and the subjects walked after assessing their con-
ditions.

3) The intensity of exercise is an important factor in mainte-
nance and réduction of SBP. To maintain muscle strength,
suitable exercise in the home is required. A simple ex-
ercise machine that shows exercise intensity is needed at -
bome.

1t is important to develop guidelines that will encourage in-
dividuals at highest risk fo maintain and reduce their BP. The
type, frequency, intensity, and period of exercise are important
points for improving the quality of life.

Finally, we have developed a system for monitoring blood
pressure and other phys:ologxcal parameters simultaneously. We
tried to monitor a farge number of subjects over 1 year, but we
could analyze only four subjects precisely. The main reason for

the lack of data was subject motivation, as the monitoring proved

inconvenient for the subjects. Furthermore, if the subject’s data
did not differ much from day to day, he or she lost interest
in long-term monitoring. Further development of the system
should explore two main themes: developing a simple device
for blood pressure monitoring and analyzing long-term physi-
ological data in terms of its value in predicting and preventing
disease. '
V. CONCLUSION

We have developed a simple home healthcare systeny Wﬁh
a unigue transmission system, with which we performed a |
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year field trial. The system performed without serious problems,
but only 31 of 61 subjects provided sufficient data for statisti-
¢al analyses. Among these 31 subjects, we carefully analyzed
cases. that showed both improvements and worsening of BP.
The resnlts indicated that subjects with energy expenditure of
more and less than 300 keal showed reduction and elevation of
BP, respectively. We conclude that exercise is the most impor-
tant factor in reducing BP. The improvements and changes in
daily activity with or without intervention are important factors,
and it is necessary for the subjects to have the motivation to
make changes in their daily life. Although we recruited a rela-
tively Jarge number of subjects in the present study, the amount
of effective data obtained was relatively low, Further improve-
ments to the home healthcare system are required to enhance
the subjects’ motivation to monitor their health condition more
extensively:
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Recurrent Embolic Stroke Due to Nonbacterial
Thrombotic Endocarditis Followed by

Transesophageal Echocardiography

44-YEAR-OLD MAN
with advanced gas-
tric cancer visited
our hospital be-
cause of a sudden
onset of difficulty in speaking. He
was diagnosed as having recent em-
bolic strokes of bilateral middle ce-
rebral artery territories (Figure 1A
and B). Elevated plasma levels of D-
dimer indicated ongoing hyperco-
agulation. Electrocardiography
showed normal sinus rhythm. Trans-
esophageal echocardiography re-
vealed a 7-mm mobile isoechoic
mass broadly attached to the left and

Video available online at
www.drchneurol.com

noncoronary cusp of the aortic valve
(Figure 2A and B). Infective endo-
carditis was ruled out by negative re-
sults in repeated blood cultures and
by a normal inflammatory index.
The patient developed nonbacte-
rial thrombotic endocarditis (NBTE).

Subsequently, anticoagulation was

initiated with continuous intrave-
nous infusion of heparin. On day 11,
follow-up transesophageal echocar-
diography demonstrated that the
mobile vegetation had shrunk to 5
mm with a decreased whole vol-
ume (Figure 2C and D and videos
1,2,3, and 4, http:/Awww.archneurol
.com). At the same time, recurrent
embolic stroke without symptoms
was documented by follow-up mag-
netic resonance imaging (Figure 1C
and D). .

COMMENT

Nonbacterial thrombotic endocar-
ditis, also known as marantic endo-
carditis associated with malignant or
other debilitating systemic dis-

eases, is sometimes difficult to con-
firm.! Most NBTE vegetations are
smaller than 3 mm in diameter.?
Transesophageal echocardio-
graphic images are essential to de-
tect NBTE vegetations because these
images are superior to transtho-
racic echocardiographic images for
identification of a cardiac embolic
source.®> The NBTE vegetations are
easily dislodged because there is little
inflammatory reaction at the site of
attachment, and thus the vegeta-
tions are a source of multiple organ
embolism. Our case strongly sug-
gested that vegetation had dis-
lodged and thus impacted multiple
emboli into the cerebral arteries.
Magnetic resonance imaging find-
ings of our case were compatible
with those of a typical index stroke
associated with NBTE, with mul-
tiple, widely distributed, small (<10
mm) and large (>30 mm) strokes
that are different from those with in-
fective endocarditis.* In conclu-
sion, transesophageal echocardiog-
raphy is useful for the follow-up of
NBTE to detect morphological
changes in the vegetation as well as
for the diagnosis of NBTE.
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Flgure 1. Diffusion-weighted images of the lateral ventricle (A) and the
corona radiata (B) on the first day and of the lateral ventricle (C) and the
corona radiata (D) 15 days after stroke onset. Muitiple recent small and large
stroke lesions (arrows on the first day, arrowheads on day 15) increased in
bilateral middle cerebral arterial territories despite anticoagulation.

Figure 2. Transverse (A) and longitudinal (B) transesophageal
echocardiographic images on the second day after stroke onset, and
transverse (C) and longitudinal (D) transesophageal echocardiographic
images 11 days after stroke onset. Transesophageal echocardiography
revealed that the mobile isoechoic mass (arrows) on the left and
noncoronary cusp of the aortic valve had shrunk from 7 10 5 mm.
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Summary

Background: Hemodialysis (MD) is an important risk factor for progression of aortic valve stenosis
(AS). However, there are varying degrees of disease progression among patients with AS on HD.
The aim of this study was to find determinants of rapid progression of AS in patients on HD.
Methods: We enrotled 30 patients with AS on HD with a mean follow-up period of 4years.
The peak pressure gradient (PPG) between the initial echocardiography and the last echocar-
diography at least 3 months interval (APPG) was adopted as the indicator of AS progression.
We divided the patients into two groups according to APPG per year [rapid progression
(APPG>4.5 mmHg/year), slow progression (APPG < 4.5 mmHg/year)] and compared the clinicat
characteristics between the two groups.

Results: Overall mean APPG was 4.5 mmHg/year. Systolic blood pressure (SBP), serum calcium,
and calcium-phosphate product were significantly higher in rapid progression group compared
with slow progression group (p <0.05).

Conclusion: High systolic blood pressure, serum calcium, and calcium-phosphate product were
associated with rapid progression of AS in patients on chronic HD.

© 2011 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Introduction

* Corresponding author at: Division of Cardiovascular Medicine,

Department of Integrated Medicine 1, Jichi Medical University
Saitama Medical Center, Amanuma 1-847, Omiya, Saitama 330-8503,

Hemodialysis (HD) is an important risk factor for progres-

Japan. Tel.: +81 48 647 2111, fax: +81 48 648 5188. sion of aortic valve stenosis (AS). Previous reports showed
E-mail address: wada1006@hotmail.com (H. Wada). accelerated progression of AS in HD patients compared with
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non-HD patients [1,2]. It has been reported that the pro-
gression of AS is associated with the same risk factors as
cardiovascular disease including serum low-density lipopro-
tein level [3—5]. However there are few reports that have
investigated whether the rapid progression of AS is asso-
ciated with a high event-free rate in HD patients during
follow-up period. Therefore the aim of this study was to
investigate the determinants of progression of AS and iden-
tify the high-risk group of rapid AS progression, mortality, or
cardiac events in patients with AS on HD.

Methods

Patient inclusion

Follow-up echocardiography recorded at least 3months
later was included. Patients without initial echocardiogra-
phy data or biochemistry data were excluded. This study
was performed with the Helsinki Declaration and approved
by the institutional review board. All of the patients had pre-
viously granted permission for use of their medical records
for research purposes.

Baseline data

Physical examination, medication, and biochemistry data
were examined at the time of baseline echocardiography.
Serum concentration of calcium was corrected by the con-
centration of albumin.

Echocardiography

Echocardiography was obtained by using commercially avail-
able ultrasound systems (SSA-380A, Toshiba, Tokyo, Japan
or SONOS-7500, Phillips, Bothell, WA, USA). Diastolic dimen-
sion, systolic dimension, intraventricular septum, posterior
wall, and left atrium dimension were measured. Ejection
fraction (EF) was calculated by Teichholz method. Peak aor-
tic jet flow was measured on the continuous-wave Doppler
echocardiograms.

Long-term data

Follow-up was performed via office visit, letter, or telephone
contact. Patients were followed until first events [death or
aortic valve replacement (AVR)] or until the study end date
(December 31st, 2009). Patients who did not experience an
outcome of interest were censored at the last known date
of contact. The study endpoints were all-cause death and
AVR. The indication of operation was symptomatic (syncope,
chest pain, and congestive heart failure) and severe [peak
pressure gradient (PPG) over 50mmHg or aortic valve area
(AVA) under 1.0 cm?] AS with preserved EF (EF > 50%) or mod-
erate (PPG over 36 mmHg or AVA under 1.5cm?) AS with
reduced EF (EF < 40%).

Statistical analysis

Data are presented as frequencies and percentages for
categorical variables and means+standard deviation for

| Hemodialysis Patients in 2005-2009 |  n=131

l Baseline echo

' peak PG (PPG) > 10 mmHg I n=41

Follow-up echo
mean follow-up period 4.0 year

[ Mesurement of Progression of Aortic Stenosis ‘ n=30

mean PPG / year 4.5 mmHg

pp3>45mmHgiyy \3P6<4.5 mmHg | year

i Rapid progression group (n=15) E Slow progression group (n=15) l

Figure 1
ent.

Patients’ inclusion flow chart. PG, pressure gradi-

continuous variables. Patient characteristics were com-
pared between the groups divided by the APPG. Data
were analyzed with Mann—Whitney U-test. Categorical data
were compared using Fisher’s exact test. Multivariate logis-
tic analysis was applied to investigate whether the two
groups of APPG predict adverse events event (death or
AVR) after adjusting other variables. In this model, we
used mildly significantly different characteristics (p<0.10)
between the two groups as the independent variables. All
variables were simultaneously adjusted in one step. Haz-
ard ratios and the 95% confidence intervals were calculated.
The Kaplan—Meier curves stratified according to the APPG
were drawn. A p-value<0.05 was considered to indicate
statistical significance. All analyses were performed using
statistical software, SPSS 13.0/Windows (SPSS Inc., Chicago,
IL, USA).

Results

Among 131 HD patients who were admitted to Jichi Med-
ical University Saitama Medical Center between July 2005
and December 2009, echocardiography was performed in
all patients (Fig. 1). Among 131 patients, 41 patients had
AS with PPG over 10mmHg. Of the 41 patients, echocar-
diography was performed at least twice in 30 of them.
These 30 patients were divided into two groups according to
mean APPG: rapid progression group (n=15, mean APPG per
year>4.5mmHg), and slow progression group (n=15, mean
APPG per year <4.5mmHg) (Fig. 1).

Clinical characteristics of the patients are shown in
Tables 1 and 2. Although there was a trend toward higher
age in the rapid progression group (p=0.096), there was no
significant difference between the two groups. Mean base-
line PPG of the two groups was not significantly different
(Fig. 2). Mean APPG per year was 11.1 £ 6.43mmHg in the
rapid progression group per year versus —2.18 4 8.25 mmHg
per year in the slow progression group (p<0.001). Sys-
tolic blood pressure, serum calcium level, and product of
calcium—phosphate were significantly higher in the rapid
progression group. Corrected calcium level and product
of calcium and phosphate were also significantly different
between the two groups.

Multivariate Cox regression analysis is shown in Table 3.
In this model, the factors with p < 0.10 in univariate analysis,
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age, systolic blood pressure, and serum calcium were
adopted as independent variables. Systolic blood pressure
and serum calcium were strong predictors of adverse events
even after adjusting for these factors (Table 3).

The relationship between the progression of AS and death
or AVR is shown in Fig. 2. There were 15 events (4 deaths
and 6 AVR in rapid progression group, 2 deaths and 3 AVR in
slow progression group) during a mean period of 4.0years
(p=0.07, Table 2, and Fig. 2).

Discussion

Our study showed that the overall change in mean PPG per
year in AS patients on HD was 4.5mmHg. Systolic blood
pressure and serum calcium concentration were strongly
associated with rapid progression in HD patients. Moreover
our study also showed that the clinical event rate was higher
in the rapid progression group than in the slow progression
group.

Previous reports showed that the mean APPG per year
of AS in HD patients was 3.9mmHg [6] and the mean PPG
per year in non-HD patients was 1.0mmHg [7]. Our results,
4.5mmHg, are similar to AS in HD in the previous study [6].
These results also confirmed that the progression of AS in
HD is more rapid compared with non-HD patients.

Earlier studies identified male gender, history of
atherosclerosis, and impaired renal function as the deter-
minants of AS progression in non-HD patients [2,8,9].
Hypercholesterolemia is reported to be a risk factor for the
development and progression of calcific AS [3,10], although
recent studies throw doubt on this hypothesis [4]. It is
reported that aortic valve calcification is also accelerated
in HD patients [11]. Increased calcium—phosphate product,
secondary hyperparathyroidism, and excess vitamin D are
thought to be responsible for calcium deposition [12—15].
Accelerated calcium deposition not only in the coronary
arteries but also on the aortic valves may comprise a mor-
bid problem in HD patients [12,15—17]. Owens and Otto
[18] reported that the conventional atherosclerotic factors
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promote the ‘sclerosis of the aortic valve’ [19], and the
stenosis of aortic valve progresses in the later phase [18].
Our results showed that low-density lipoprotein cholesterol,
C-reactive protein [20], and age were not significant deter-
minants for the progression of AS, while systolic blood
pressure, serum calcium level, and products of calcium and
phosphate were strong determinants of rapid progression in
HD patients. The patients on HD are considered to be already
in the later phase of the cascade of AS. These results sug-
gest that calcium plays an important role in the progression
of AS in patients on HD.

The present study also showed the event-free rate of
the rapid progression group was lower than in the slow
progression group. The event-free rate in the rapid pro-
gression group of AS in HD is 40% while the event-free
rate of the slow progression group is 67% during 4years
of follow-up (Table 2). A previous report from Japan has
shown that the mean 4-year survival rate of HD patients is
80% [21]. Our results show that the freedom from death or
AVR in AS patients on HD is worse than non-AS patients on
HD. ’

Study limitations

A retrospective study design with a relatively small sample
size in a single center may pose a risk for patient selection
bias. The interval between baseline and follow-up echocar-
diography was different among patients. The data of serum
concentration and blood pressure were collected at the start
of follow-up, which may not reflect the data of the whole
clinical course.

Severe calcification of aortic valve often makes acoustic
shadow in echocardiography and interrupts accurate mea-
surement and AVA is not always measured exactly in all cases
of AS with severe calcification in HD patients. In this study,
20 cases were interrupted to measure accurate AVA with
severe calcification. For these reasons, PPG was adopted as
a parameter of progression of AS in HD, instead of AVA, how-
ever the weak point of PPG was its dependence on cardiac
function and some cases with deteriorating EF in the rapid
progression group may be included in the stow progression
group.

In this study, parathyroid hormone was checked only in 10
cases, because the measurement of serum parathyroid hor-
mone was limited only to the patients whose serum calcium
and phosphate level was treated by standard therapy and
decreased to the adequate cut-off level by the Japanese
guidelines about the treatment of the patients with sec-
ondary hyperparathyroidism in HD patients in 2006. The
hyperparathyroidism was treated by vitamin D3 and phos-
phate absorbent according to the guidelines.

Conclusions

Our study showed that high systolic blood pressure and
serum calcium level were associated with rapid progres-
sion of AS in patients on chronic HD. It is an open question
whether the careful clinical follow-up of AS and the control
of blood pressure and serum calcium may lower the event
rate of AS patients on HD.
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