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Original Article

Renoprotective Effect of Losartan in Comparison to
Amlodipine in Patients with Chronic Kidney Disease and
Hypertension—a Report of the Japanese Losartan
Therapy Intended for the Global Renal Protection in
Hypertensive Patients (JLIGHT) Study

Yasuhiko IINO*!, Matsuhiko HAYASHI*?, Tetsuya KAWAMURA*3, Tatsuo SHIIGAI 4
Yasuhiko TOMINO*, Kenichi YAMADA *¢, Takeyuki KITAJIMA *3, Terukuni IDEURA*7,
Akio KOYAMA ™, Tetsuzo SUGISAKI™, Hiromichi SUZUKI*!°, Satoshi UMEMURA *!!,

Yoshindo KAWAGUCHI#!, Shunya UCHIDA#2, Michio KUWAHARA#, and
Tsutomu YAMAZAKI#, for the Japanese Losartan Therapy Intended for
the Global Renal Protection in Hypertensive Patients (JLIGHT) Study Investigators

A 12-month, multicenter (57 clinical institutions), randomized, open-labeled trial was undertaken to compare
the efficacy of the angiotensin Il receptor antagonist losartan and the calcium channel blocker amlodipine in
patients with proteinuric chronic kidney disease (CKD) and hypertension. A total of 117 patients (79, chronic
glomerulonephritis; 14, diabetic nephropathy; 24, other CKD) were randomly allocated Into two treatment
groups. Losartan and amlodipine exerted the same efticacy for bleod pressure (BP) control; however, losar-
tan significantly reduced the 24-h urinary protein excretion at months 3, 6, and 12, with the reduction of
20.7%, 35.2%, 35.8%, whereas amladipine did not change the amount of proteinuria over the 12-month study
period. When patients were stratified Into groups according to the level of BP control at 3 months, the te-
duction In urinary protein excretion by losartan was evident in the group for which a BP of <140/90 mmHg
was achieved, as well as in the group for which the goal BP (<130/85 mmHg) for treatment of CKD was not
achieved. When patients were stratified according to baseline urinary protein excretion, those with >2 g/day
showed a reduction In proteinuria by losartan of 23.3%, 39.4%, and 47.§% at months 3, 6, and 12, and those
with <2gfday showed a reduction of 18.5% and 31.2% at months 3 and 6, respectively, No fatal adverse
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events were experienced In either drug group. We conclude that losartan reduced proteinuria in patients
with CKD and hypertension. This positive effect may contribute to the renal protective benefit of losartan,
and is beyond the magnitude of BP control. (Hypertens Res 2004; 27: 21-30Q)

Key Words: losartan, angiotensin, proteinuria, hypertension, renoprotection

Introduction

On the basis of understanding the role of angiotensin II in
circulation and renal functions, the relevance of intervention
of the renin-angiotensin system (RAS) for therapy of hyper-
tension and kidney diseases has so far been extensively dis-
cussed (I, 2). High blood pressure (BP) strongly affects the
structure and functions of nephrons, and inversely, impaired
renal function elevates the systemic BP level in patients with
kidney diseases. Angiotensin converting enzyme (ACE) in-
hibitors are now one of the most frequently used drugs for
hypertension, and a number of evidences are available with
regard to the effect of ACE inhibition to ameliorate kidney
diseases, especially proteinuria as a symptom (3). Indeed, in
many clinical studies dealing with kidney diseases, protein-
uria has been adopted as a surrogate endpoint, because pro-
teinuria is not merely a marker of permselectivity of the
glomerular membrane, but is toxic to the kidney per se, and
plays a key role in the progression of kidney diseases, even-
tually leading to end-stage renal disease (ESRD) (4-7).

With reference to the effect of ACE inhibitors, the use of
angiotensin II receptor antagonists for the treatment of kid-
ney diseases has also been discussed. The RENAAL study,
an international multicenter clinical trial of the angiotensin II
receptor antagonist losartan, was published in 2001 (8). This
trial studied the effect of losartan in patients with type 2 dia-
betic nephropathy. The results clearly demonstrated that
losartan retarded the elevation of serum creatinine and de-
creased the rate of onset of ESRD, On the other hand, the ef-
fects of intervention of the actions of angiotensin II in pa-
tients with non-diabetic chronic kidney disease (CKD) and
hypertension has been still a subject of debate with regard to
relation to BP lowering effect. Any pharmacotherapy to low-
er BP may be effective for protection of renal functions;
however, whether blockade of angiotensin II receptors con-
fers renal protection in excess of that due to BP control has
not been clearly answered. There is thus need of accurpula-
tion of evidences of comparative study with other classes of
antihypertensive drugs in patients with CKD and hyperten-
sion. For this reason, we have performed a 12-month study
comparing the effects of the angiotensin 11 receptor antago-
nist losartan and the calcium channel blocker amlodipine. A
portion of the results were previously disclosed as an interim
report at 3 months (9) with the full analysis set (FAS) (I0).
We here report our final results based on the final selection
of patients by the Coordinating Committee. Our findings
show that, although losartan and amiodipine exerted the
same degree of BP control, only losartan induced a signifi-
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cant reduction in urinary protein excretion over the 12-
month observation period.

Methods

This study was a 12-month, multicenter, randomized, open-
labeled, clinical trial designed to compare the effect of the
angiotensin II receptor antagonist losartan and the calcium
channel blocker amlodipine to reduce proteinuria in patients
with CKD and hypertension. Fifty-seven affiliated clinics in
Japan contributed to this study. The overall design of the
study has been described previously in an interim report pre-
sented at 3 months (9). Males and female outpatients, aged
20~74 years, who had CKD and hypertension and who met
the following criteria during the 8-week pretreatment screen-
ing period were eligible for the study:

1) CKD: serum creatinine (Scr) levels of 1.5<8cr<
3.0mg/dl in males of body weight (BW)=60kg, and of
1.3 < Ser<3.0mg/dl in females, or males of BW <60kg.

2) Hypertension: systolic BP (SBP)> 140mmHg or dia-
stolic BP (DBP) 2> 90 mmHg as measured in a sitting position
at least two separate times at their visits to clinics.

3) Proteinuria: urinary protein excretion of 2 0.5 g/day.

The overview of study design is shown in Fig. 1. The ran-
domization method was modified by dynamic balancing for
Scr, the 24-h urinary protein excretion that was measured at
the time of registration, and presence or absence of diabetic
nephropathy, so that patients were allocated to the two
groups avoiding significant difference of baseline character-
istics in average. Patients of the two groups received either
losartan 25 mg as a starting dose to up to 100mg once daily,
or amlodipine 2.5myg as a starting dose to up to Smg once
daily, respectively. However, in cases in which a patient’s
compliance was judged by investigator(s) to be sufficiently
good for the administration of a higher dose, either 50mg of
losartan or Smg of amlodipine was adopted as a starting
dose.

The target BP was <130/85 mmHpg, and patients were not
allowed combination therapy with other antihypertensive
agents during the first 3 months. However, after 3 months, if
a BP of <130/85 mmHg was not achieved, antihypertensive
combination therapy with o-blockers, B-blockers, o/f3-
blockers, diuretics (excepting potassium-sparing diuretics),
and other calcium channel blockers were considered as ap-
propriate. Guidance was given to patients to maintain their
usual diet, especially for those under dietary restrictions. The
study protocol was reviewed and approved by the Institu-
tional Review Boards of all clinics contributing to the stady.
Written informed consent was obtained from all enroiled pa-
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Table 1. Baseline Characteristics of Patients Enrelled in the Study

Losartan group Amlodipine group p value

N 58 59
Age (years) 55.7+13.6 575k119 NS§*
Male/fernale 36/22 41/18 NSt
BMI (kg/m?) 23.9x37 22.9+32 NS*
Systolic BP (mmHg) 156.5+12.2 155.41+13.5 NS*
Diastolic BP (mmHg) 94.019.2 93.5£8.6 NS*
Serum creatinine (rmg/dl) 2.04+0.48 1.97+0.52 NS§*
Urinary protein (g/day) 2.85+2.65 2.50£2.07 NS*
Serum albumin {g/dl} 3.79£048 3.80+047 NS*
Diagnoses (No. of patients)

Chronic glomerulonephriris 33 (11%) 41 (12%)

Diabetic nephropathy 7 7

Hypertensive nephrosclerosis 11 9

Tubulointerstitial nephritis 1 0

Polycystic kidney disease 1 0

Renal amyloidosts 0 1

Castleman’s disease 0 1

Mean+SD. * Unpaired ttest; T Fisher's exact test. ¥ [gA nephropathy. BMI, body mass index; BP, blood pressure.

Registration ] Antihypertensive combination

¥

Losartan  25-100 mg/day
Amlodipine 2.5-5 mg/day

I Antihypertensive combination

Screening (8 week)
1 | ! |

1 I I 1

[ 12menths

Fig. 1. Study design for treatment of patients with protein-
uric CKD and hypertension. Antihypertensive combination
therapy was allowed after the first 3 months, if necessary.
For this alternation, the target goal BFP setting was
< 130/85 mmHg.

tients.
Exclusion criteria were as follows:

1) DBP 2 120mmHg. ;

2) Renovascular hypertension or endocrine hypertension.

3) BP control treatment with antthypertensive agent(s).

4) Patients in whom antianxiety drugs could not be dis-
continued.

5) Pregnancy, possibility of pregnancy, or in a period of
lactation.

6) Patients that the chief investigator judged not to be eli-
gible,

BP was measured at patients’ visit to the clinic with the
patient in a sitting position.

A 24-h urine collection was performed from 8:00 AM of
the day before to 8:00 AM of the day of the clinic visit, and
was used to obtain the 24-h urine volume, urinary protein ex-
cretion, urinary creatinine level, and the amount of sodium
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excretion. The creatinine clearance (Cer) was calculated as
Cer=Uer X V/ScrX 1.73/A, where Ccr is the creatinine
clearance (ml/min), Uer is the urinary creatine (mg/dl), V is
the urine volume (ml/min), Scr is the serum creatine (mg/dl),
and A is the body surface area. The rate of renal impairment
as a function of time was expressed with a reciprocal slope
of Scr (1/Scr). '

Protein intake was estimated by measurement of urea ni-
trogen plus protein concentration using the following formu-
la: Protein intake (g/day)=urinary urea nitrogen (g/day)+
0.031(g) X BW(kg)] > 6.25 + urinary protein excretion (g/day)
(11). Sodium chloride (NaCl) intake was measured by NaCl
concentrations in the collected urine using the following
formula; NaCl intake (g/day)=urnary sodium excretion
(mEqg/day)/17.

All values were expressed as the mean= SD. The baseline
characteristics of the enrolled patients were tested for com-
parability between the losartan group and the amlodipine
group using unpaired ¢-test or Fisher's exact test. The differ-
ences in changes in SBP and DBP between the two groups
were tested by repeated-measures analysis of variance with
treatment effect, period effect, and the interaction between
treatment and period effect. Changes in urinary protein ex-
cretion, Scr, and Cer within each group were analyzed by
paired r-test. Unpaired t-test was used to compare the percent
changes of urinary protein excretion, Scr, and Ccr between
the losartan group and the amlodipine group. Values of p<
0.05 were considered to indicate statistical significance.

Results

In all patients enrolled during the term from December 1999
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Fig.2. SBP and DBP changes (mmHg) throughout 12
months in groups treated with losartan and amlodipine. Cir-
cles and bars indicate the mean and SD. SBP and DBP were
not significantly different between the losartan and amlodip-
ine groups.
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Fig. 3. Changes in 24-h urinary protein excretion (upper
panel) and respective percent changes (lower panel) from
baseline. Circles and bars indicate the mean and SD.
* p<0.05, * p<0.01, ** p<0.001

to March 2002, 117 patients (58 for losartan and 59 for am-
lodipine) were eligible, as their baseline characteristics are
shown in Table 1. A large number of patients were diag-
nosed with chronic glomerulonephritis, including IgA
nephropathy. Patients with diabetic nephropathy and hyper-
tensive nephrosclerosis were also included. The characteris-
tics of the two treatment groups were similar. Forty-seven
patients in the losartan group and 40 patients in the amlodi-
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Fig. 4. Changes in urinary protein excretion in patients
stratified in response to BP control measured at month 3. (A)
BP<140/90mmHg. (B) BP= 140/90mmHg. (C) BP2 130/
85mmHg. Note that patients in group C are included in ei-
ther the group A or B because of respective BF ranges, as a
consequence. Circles and bars indicate the mean and SD.
** p<0.01, *™ p<0.001.

pine group completed the 12-month study for measurement of
urinary protein endpoint. The dietary compliance assessment
of 24-h urinary urea nitrogen plus proteins and sodium
showed that, there was no significant difference in total pro-
tein and NaCl intake between the two drug treatment groups
at baseline and no change from baseline to month 3, as re-
ported previously (9). At month 12, again, there was po
change from baseline and therefore no difference between
the losartan group and the amlodipine group in protein intake
or NaCl intake {protein [g/day]: losartan, 50.7£19.7; am-
lodipine, 53.5+17.0; NaCl [g/day]: losartan, 8.0+3.8; am-
lodipine, 9.6+ 3.5).

The BP-lowering effect, in both systole (SBP) and diastole
(DBP), was similar with losartan and amlodipine. Figure 2
shows changes io SBP and DBP measured at week 2 and at
every month. In the losartan group, SBP was reduced from
136.5%12.2mmHg at baseline to 139.5+14.8mmHg at
month 12 (—11.3£9.2%), and DBP from 94.01£9.2 mmHg
at baseline to 83.0%11.7mmHg at month 12 (—12.2%
10.8%), and in the amlodipine group, the reduction in SBP
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Fig. 5. Changes in urinary protein excretion from baseline
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<2g/day (upper panel) and 22g/day (lower panel) as
measured at baseline. Circles and bars indicate the mean
and §D, * p<0.05, * p<0.01, *** p<0.001.

was from 155.7+13.6mmHg at baseline to 134.3+13.1
mmHg at month 12 (—12.7110.0%), and that of DBP was
from 94.1X7.9mmHg at baseline to 79.7+10.1 mmHg at
month 12 (—15.1£12.5%), respectively,

However, urinary protein excretion was significantly re-
duced only in the losartan group. The upper panel of Fig. 3
shows the change in urinary protein excretion and the lower
panel shows the percent change from the respective base-
lines. The apparent changes in percent were —20.7%,
—35.2%, and —35.8% at months 3, 6, and 12, respectively.
We then analyzed the relationship between BP control and
reduction of proteinuria in patients treated with losartan.

The responsiveness to the drug was assessed by BP mea-
sured at month 3. In this analysis, patients whose BP was
controlled to <140/90mmHg as well as those whose BP
was not controlled at month 3 showed a statistically signifi-
cant reduction in urnary protein excretion from baseline at
each of months 3, 6, and 12. Although the JNC-VI guide-
lines recommend & BP goal of <130/85mmHg for hyper-
tensive patients with CKD ({2), patients in whom this goal
was not achieved still showed a statistically significant re-
duction in urinary protein excretion by losartan (Fig. 4). In
the losartan group with a BP of <130/85mmHg, there was
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_an apparent reduction in vrinary protein excretion, but with-

out statistical significance.

Although at baseline there was no statistically significant
difference between treatment groups in the ratio of males to
females (Table 1), the number of female patients in the am-
lodipine group decreased during the stedy. However, in the
losartan group, changes in proteinuria were almost compara-
ble between males and females: —21.0% (n=31) and
—20.2% (n=19) at month 3, —35.5% (n=31) and —34.6%
(n=19) at month 6, and —35.2% (n=29) and —36.9% (n=
18) at month 12 in males and females, respectively. Like-
wise, although no effect was observed with amlodipine,
changes in the amount of proteinuria in males and females
were +7.1% (n=31) and —8.0% (n=10) at month 3,
+13.6% (n=30) and —4.6% (n=12) at month 6, and
—1.5% (n=30) and +10.6% (n=10) at month 12, respec-
tively.

In order to examine whether the magnitude of proteinuria
affected the result of treatments with losartan and amlodi-
pine, we stratified patients into two subgroups: those with
proteinuria <1g/day and those with proteinuria = 1 g/day
at baseline. In these subgroups, the change in urinary protein
excretion from baseline was not significantly different be-
tween the losartan group and the amlodipine group. We next
stratified patients with proteinuria levels of <2g/day and
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Fig.7. Changes in Scr (left panel), 1/Scr {middle panel), and creatinine clearance (right panel) in patients treated with losar-
tan for Scr and 1/5cr. Circles and bars indicate the mean and SD. * p<0.03, ** p<0.01, *** p<l0.001. There was no difference
for the slope of 1/5cr between the losartan and amlodipine group.

>2g/day at baseline. As shown in Fig. 5, the reduction in
urinary protein excretion was evident in losartan groups of
both <2 g/day and 22 g/day. Again, amlodipine did not sig-
nificantly reduce urinary protein excretion in both groups of
<2 g/day and > 2 g/day.

With respect to the diagnosis of patients, 38 patients in the
losartan group and 41 in the amlodipine group had chronic
glomerulonephritis, and 7 in the Josartan group and .7 in the
amlodipine group had diabetic nephropathy. Analysis of the
patients with diabetic nephropathy revealed an apparent de-
crease from baseline in uripary protein excretion in the two
treatment groups, with no statistically significant difference
between the groups (data not shown). Analysis of the sub-
group with chronic glomerulonephritis exhibited a statistical-
ly significant reduction in proteinuria in the losartan group at
months 3, 6, and 12. Because amlodipine did not reduce pro-
teinuria in patients with chronic glomerulonephritis, there
was a prominent difference in the percent reduction in uri-
nary protein excretion from baseline between the two treat-
ment groups (Fig. 6).

Changes in Cer and Scr and the slope of 1/Scr did not dif-
fer between the two treatment groups. Scr slightly increased
from the baseline to month 3 in both groups. Cer showed a
tendency of decline (Fig. 7).

Adverse events considered to be possibly related to the
study were reported for increases in aspartate aminotrans-
ferase (AST; GOT) (2 cases), alanine aminotransferase
(ALT; GPT) (1 case) and 9-GTP (4 cases). These changes
were mild and the incidence was almost the same between
the losartan group and the amlodipine group. An increase in
serum uric acid (2 cases} was reported in the amlodipine
group, but was not observed in the losartan group. Hyper-
kalemia ranging from 5.1 to 6.9mEq/l was reported in the
losartan group (3 cases) and in the amlodipine group (2
cases). Two cases of dizziness and 1 case of transient isch-
cmic attack were reported in the losartan and amlodipine
groups. No fatal adverse events were observed in either group
during the 12-month study,
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Discussion

The present study demonstrated that, in patients with pro-
teinuric CKD and hypertension, losartan effectively reduced
proteinuria while amlodipine did not. It is noteworthy that
the potency of BP-lowering of losartan and amlodipine was
same throughout the entire 12-month study period. Alloca-
ticn of patients resulted in an almost comparable male to fe-
male ratio between the treatment groups at baseline, Howev-
er, more number of female patients decreased in the am-
lodipine group than in the losartan group as the study pro-
gressed. Consequently, at month 12, in the losartan group,
the male/female ratio was 29/18, while in the amlodipine
group it was 30/10. Although the losartan group included a
greater number of female patients than the amlodipine group
at months 3, 6, and 12, the percent reduction in urinary pro-
tein excretion in males was comparable to that in females in
the losartan group. Therefore, it was unlikely that a sex hor-
mone such as estrogen played a role in the vascular protec-
tion in this study. The fact that a large majority of female pa-
tients in the losartan group at baseline were aged (22 fe-
males: 5459 year-old, 4; in their 60’s, 9; in her 70°s, 1) may
warrant this discussion, because female patients of mid-50’s
or older were probably vndergoing menopause.

In the present study, we first stratified patients into 3 sub-
groups with regard to BP reduction measured at month 3.
The first 3 months was a meaningful period because no other
drugs was added on either losartan or amlodipine during this
period. Losartan reduced both BP and proteinuria. However,
it was also true that not all patients responded to losartan to
reach the goal BP of <130/85 mmHg that was recommend-
ed by the JNC-VI (12). In fact, the goal BP was achieved in
only 8 patients in the losartan group and 13 patients in the
amlodipine group. It was expected that patients who reached
the goal BP of </130/85 mmHg would show a prominent de-
crease in uripary protein excretion. However, there was no
significant change in urinary protein excretion from baseline
in either the losartan group or the amlodipine group, al-



though in the losartan group urinary protein tended to de-
crease. The reason for this finding is unclear; however, since
the number of patients in each group was very small, this
might be the reason why we failed to demonstrate statistical
significance, especially in the losartan group. Nonetheless,
even in patients who did not accomplish the BP goal, reduc-
tion of proteinuria was evident. Likewise, patients who
achieved a BP of <140/90mmHg represented the anti-pro-
teinuric effect of losartan. A striking evidence was that pa-
tients who did not accomplish the level of BP <140/
90 mmHg also showed the reduction in proteinuria, the de-
gree of which did not largely differ from those in the group
of BP <140/90 mmHg.

It must not be a conclusion that, in patients with CKD and
hypertension, it is suificient to pursue a reduction in protein-
uria without a corresponding reduction in BP. It should be
emphasized that BP control is still an important strategy in
treating patients with CKD and hypertension, as the JNC-VI
recommends. Our results can only be taken to indicate that
losartan may still be effective to reduce proteinun'a, even if
BP can not reach the BP goal of the JNC-VI guidelines (12).
In this aspect, losartan should be used in clinical practice un-
der the condition of exerting anti-hypertensive effect. The
goal BP of <130/80mmHg for patients with CKD which
was currently recommended by JNC-VII guideline (13)
should also be taken into account. Thus, the use of losartan
will bring better outcomes for patients with CKD and hyper-
tension with concomitant BP control.

Although we failed to find a difference in anti-proteinuric
* effect between losartan and amlodipine when patients were
stratified with the baseline proteinuria of <1g/day and
2 1 g/day, further stratification with levels of <2 g/day and
22g/day clearly demonstrated the anti-proteinuric effect of
losartan at all assay points in the group of =2 g/day. These
results suggest that losartan was effective to reduce severe
proteinuria of probably glomerular origin. The effect was
still observable in the group of <2 g/day at months 3 and 6,
but was not statistically significant at month 12, probably
due to a wide range of standard deviation from the mean val-
ue. Very recently, Tojo et al. (14) reported that, in streptozo-
tocin-induced diabetic rats, intervention of actions of an-
giotensin II by either an ACE inhibitor or an angiotensin II
antagonist restored albumin reabsorption in the proximal
tubules without changing blood glucose vig restoration of the
expression of megalin, a glycoprotein responsible for reab-
sorption of proteins in the proximal tubules, resulting in the
reduction in urinary protein excretion. The authors suggested
that expression of megalin is suppressed in the proximal
tubules when the kidney is irpaired for tubular dysfunction.
This evidence may explain, at least in part, our results on the
effect of losartan on proteinuria, a part of which may be of
tubular origin.

While the RENAAL study (8) was conducted in patients
with type 2 diabetes, a large majority of the patients enrolled
in the present study had chronic glomerulonephritis includ-
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ing cases of immunoglobulin A (IgA) nephropathy. In these
patients, losartan effectively reduced urinary protein excre-
tion, Chronic glomerulonephritis involves many factors in its
etiology, and the complicated proteinuria is not solely a re-
sult of hyperfiltration of glomeruli. Rather, remodeling of the
glomerulus must be considered. Since amlodipine did not af-
fect the protein excretion in such patients, the present result
is of particular interest in considering the direct actions of
angiotensin I on the structure and functions of glomeruli.
Patients with diabetic nephropathy in the losartan group and
the amlodipine group were 7 and 5 on the day of start and
only 5 and 4 patients completed the study, respectively. Be-
causc of this limited number of diabetic patients, there was
no statistically significant change in vrinary protein excretion
in either drug treatment group, although the magnitude of the
mean reduction of urinary protein ranged from —30% to
= 50%. We therefore cannot conclude from these results that
these drugs have no anti-proteinuric effect in patients with
diabetic nephropathy.

With respect to the pharmacotherapy of patients with
CKD, the therapeutic benefit of interfering with the actions
of angictensin II has been extensively documented with
ACE inhibitors over the last decade. The breakthrough evi-
dence that direct blockade of angiotensin I receptors pro-
tects the kidney in patients with type 2 diabetic nephropathy
was provided by the RENAAL study (8) with losartan, and
the IDNT study with irbesartan (15),

Recent pubiications provided evidences that the angio-
tensin II receptor antagonist candesartan was effective in
Japanese patients with type-2 diabetic nephropathy, with a
dose as low as 4mg/day to prevent aggravation of protein-
uria (16), or reduce urinary protein excretion by combination
therapy with amlodipine (7), supporting previous evidences
on losartan and irbesartan for diabetic nephropathy. The re-
sults of our present study provide the additional information
useful in clinical practice, that losartan is effective not only
for patients with type 2 diabetic nephropathy, but also those
with a variety of types of CKD. Nakao et al. (I8) recently
studied the effect of combination therapy and monotherapy
with losartan and the ACE inhibitor trandolapril in patients
with non-diabetic renal disease. They demonstrated that
losartan as well as trandolapril effectively lowered urinary
protein excretion, although the combination of these two
drugs exerted a more favorable effect on proteinuria. Taken
together, the antiproteinuric effect of losartan may play a
major role in its renoprotective effect.

The therapeutic benefit of losartan for kidney diseases in
comparison to other antihypertensive drugs is still not fully
explained. As is indicated in the JNC-VI (12) and INC-VII
(13) guidelines and several clinical reports, aggressive blood
pressure control is mostly important, On the other hand,
many clinical trials have demonstrated that blood pressure
control is not the only factor pertinent for renoprotection;
rather, ACE inhibitors and angiotensin IT receptor antago-
nists provide additional benefit in patients with kidney dis-
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eases.

The RAS is now well understood to be involved in the
pathogenesis of renal impairment independent of its vaso-
constrictive actions, inducing disturbance of glomerular and
tubnlar functions. The direct actions of angiotensin H in the
kidney include an increase in tubular sodium reabsorption
and an influence on glomerular filration rate (GFR), but
morphopathological changes such as accurmulation of extra-
cellular matrix and mesangial cell proliferation and hypertro-
phy (19, 20) are of more importance for pathogenesis of re-
nal impairment. These concepts clearly constitute the theory
of usefulness of blocking the actions of angiotensin II in kid-
ney diseases. Although the UK Prospective Diabetes Study
(UKPDS) (21) concluded that the effects of ACE inhibitor
captopril and the -blocker atenotol were similar in reducing
the risk of macrovascular and microvascular complications
related to type 2 diabetes, the African-American Study of
Kidney Disease and Hypertension (AASK) Swdy (22),
which compared the effects of the ACE inhibitor ramipril,
the calcium channel blocker amlodipine, and the S-blocker
metoprolol on the progression of hypertensive renal disease
in African-Americans, showed that ramipril induced a slow-
er decline in GFR and a lower risk of clinical end points
compared to amlodipine.

The mechanism and mode of action of losartan and am-
lodipine to explain the exertion of different effect of renopro-
tection are not thoroughly explained and are controversial.
Documents are available to explain the renoprotective effica-
cy of calcium channel blockers, including amlodipine. How-
ever, whether calcium channel blockers exert unique anti-
proteinuric effects is still controversial. In the AASK Study
(22), proteinuria was not decreased with amlodipine. The
Japan Multicenter Investigation of Antihypertensive Treat-
ment for Nephropathy in Diabetes (J-MIND) study (23) re-
ported that nifedipine retard and enalapril had a similar effect
on pephropathy in hypertensive type 2 diabetic Japanese pa-
tients, but albumin excretion rate was not reduced with either
drug despite the effective BP lowering. Kurmagai e al. (24)
reported the comparative evaluation of amlodipine with ACE
inhibitors enalapril or captopril for renoprotective effect in
hypertensive patients with renal dysfunction, They conclud-
ed that the effect of 1-year treatment with amledipine on
renal function was likely the same as that of ACE inhibitors.
They also showed that urinary protein excretion tended to be
reduced by either ACE inhibitor or amlodipine, but without
statistical significance. These evidences suggest that, while a
strong argument has been made for proteinuria as a risk fac-
tor for progression of renal discase (25), there is still a dis-
crepancy between renoprotection as a final goal and urinary
protein excretion as an important clinical sign for renal dys-
function.

There is thus a strong body of evidence suggesting that the
pathways by which angiotensin IT aggravates renal functions
are mediated by angiotensin IT type 1 (ATh) receptors. Calci-
um channel blockers act to dilate the microvasculature, im-
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proving regional circulation by regulating the voltage-depen-
dent calcium channels. The blockade of angiotensin II recep-
tors results in a reduction in renal perfusion pressure in addi-
tion to dilation of the efferent arterioles to a greater extent
than the afferent arterioles because of their different manner
of constriction in response to angiotensin II, and thus an-
giotensin II antagonists reduce the glomerular fiitration pres-
sure to same extent. On the other hand, the action of an-
giotensin II is not solely to constrict macrovascular and mi-
crovascular trees, but a variety of cellular actions are evi-
dent. A number of reports have described roles of an-
giotensin I through AT: receptors to produce extracellular
matrix as well as to stimulate proliferation and/or hypertro-
phy of many types of cells, via the direct stimulation of mi-
togen-activated protein kinase (MAPK), transforming
growth factor (TGF-3), nuclear factor (NF-xB), induction of
proto-oncogenes, and so on (19, 20, 26). Thus, although
there is still no confirmatory theory, wider biological func-
tions of angiotensin Il may explain the diversity of renopro-
tective activity of the two drugs without depending on their
BP lowering efficacy. The precise mechanism of the. action
of these drugs should be further investigated.

In the present study, there was no change in Cer either in
the losartan or amlodipine groups. Andersen et al. (27) con-
ducted a 2-month, randomized, double-blind cross-over clin-
ical trial to evaluate the effect of losartan and the ACE in-
hibitor enalapril in patients with type 1 diabetic nephropathy,
and reported that angiotensin II blockade reduced urinary
protein excretion without changing GFR. In the RENAAL
study {8), the risk of a doubling of the serum creatinine con-
centration in the losartan treatment group and the placebo
group was almost the same until 12 months from initiation of
the study, although the reduction in urinary protein excretion
was observed in the losartan treatment group within 6
months. The IDNT study (I5) with irbesartan also reported
no difference in the change in serum creatinine in compari-
son to placebo and amlodipine within 12 months. Thus, it is
likely that effects on proteinuria and on Cer differ in re-
sponse to blockade of angiotensin IT receptors, although the
reason is not explained. The present study was completed at
12 months. It might be expected that longer-term treatment
of the patients with CKD and hypertension with losartan
would have more beneficial effects on renal functions such
as improvement of GFR in patients beyond the effect to re-
duce proteinuria. .

In conclusion, a term of total 12 months treatments of
Japanese patients with proteinuric CKD and hypertensicn
with losartan reduced proteinuria more effectively than am-
lodipine, although BP lowering effect was not different be-
tween the two drug-treated groups. Since the effect was be-
yond the blood pressure control, losartan is effective in pa-
tients with CKD manifesting proteinuria and hypertension.
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CLINICAL INVESTIGATIONS

Assessment of Coronary Intervention in Japan From the
Japanese Coronary Intervention Study (JCIS) Group
—— Comparison Between 1997 and 2000 —-

Kazuhiko Nishigaki, MD; Tsutomu Yamazaki, MD; Hisayoshi Fujiwara, MD;
for the Japanese Coronary Intervention Stdy (JCIS) Group*

Background The first nationwide survey of the sitnation in Japan (the 1997 SJ) regarding percutaneous coro-
nary intervention (PCI) and coronary artery bypass grafting (CABG) was conducted by the Japanese Coronary
Intervention Study (JCIS) group and the results of the second nationwide, continuous survey of Japan in 2000
(the 2000 SJ) are presented here,

Methods and Results A questionnaire was collected from 8,268 facilities (99.93%). In the 2000 SJ, the total
number of coronary arteriography (CAG) performed was 543,046 (428 CAGs per 10° population). The estimated
ratio of CAG to patients with corenary artery disease (CAD) in Japan is approximately 1.4-fold that in the US.
Total numbers of PCI and CABG performed were 146,992 and 23,584, and increased to 134% and 130%,
respectively, over the 3 years. PCI facilities with an annual number of PCIs performed of more than 100 were
40.2%, and the respective CABG facilities were 8.3%. The ratio of PCI to CABG was 6.23 in the 2000 $J, and
was several times higher than the ratio in Western countries.

Conclusion The situation in Japan regarding the number of CAG, PCI, and CABG procedures performed is
very different from that in Western countries. This provides important information for diagnosis, treatment and
guidelines for Japanese patients with CAD. (Circ J2004; 68: 181 -185)

Key Words: Annual number; Coronary intervention; Japan
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common disease that seriously influences the

prognosis and quality of life of patients, Coronary
intervention for CAD is classified into percutaneouns coro-
nary intervention (PCI) and coronary artery bypass graft
{CABG). The indications of PCI have widened with the de-
velopment of new devices and techniques, and the outcome
of treatment has improved! Thus, PCI is increasingly used
throughout the world*5 although it is an iavasive and
expensive therapy and still has some serious problems in
terms of complications and/or restenosis, The first nation-
wide survey of of PCI and CABG in Japan (the 1997 SI)
was conducted in 1998 by the Japanese Coronary Inter-
vention Study (JCIS) group with the support of 7 Japanese
societies of cardiology, including the Japanese Circulation
Society, the Japanese Society of Interventional Cardiology,
the Japanese College of Cardiology, the Japanese Coronary
Assdciation, the Japanese Association for Thoracic
Surgery, the Japanese Society for Cardiovascular Surgery,
and the Japanese Association for Cerebro-cardiovascular
Disease Control$7 To define whether PCI and CABG have
increased since then, we investigated the first continuous
survey of Japan in 2000 (the 2000 SJ) in 2002. In addition,
the number of coronary arteriography procedures (CAG)
performed in Japan was investigated. This is the first such

Coronary artery disease (CAD) is a serious and

(Received September 8, 2003; revised manuscript received December
10, 2003; accepted December 24, 2003)

*The investigators of the JCIS Group are listed in Appendix 1.
Mailing address: Hisayoshi Fujiwara, MD, Second Department of
Internal Medicine, Gifu University Graduate School of Medicine,
Tsukasa-machi 40, Gifu, Gifu 500-8705, Japan. E-mail: nissy@cc.
gifu-u.ac.jp

Circulation Jourmal Vol.68, March 2604

investigation in Japan, and the relationship between CAG
and PC] or CABG was analyzed in the present study.

Methods

For the 2000 8], a questionnaire was dispatched by letter
or fax to the departments of internal medicine, cardiology
and cardiovascular surgery of 8,274 hospitals throughout
Japan. Basic data such as the names and addresses etc of
hospitals all over Japan were obtained from the Japanese
hospital database of Japan Medical Press Inc (Tokyo,
Japan),

We namrowed the questionnaire down to the following
35 questions as the minimum information required, in order
to increase the collection rate: (1) number of cases of CAG
performed from January 1 to December 31, 2000; (2) the
number of cases of PCI performed from January 1 to
December 31, 2000; (3) the number of cardiologists; (4) the
number of cases of CABG performed from January 1 to
December 31, 2000; and (5) the number of cardiovscular
surgeons. Note that items (2)(3) in the 2000 SJ are the
same as those in the 1997 SJ, but that item (1) is a new
question. .

These data were collected in the Second Department of
Internal Medicine, Gifu University Graduate School of
Medicine, and were analyzed by a host computer at the
Japan Clinical Research Assist Center (JCRAC, Tokyo,
Japan).

This study was approved by the local ethics committee
on human research (Gifu University, Japan).
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Table 1 Changes in the Numbers of Coronary Interventions and Facflities During the 3 Years, 1997-2000
PCr CABG
1997 2000 1997 2000
Total numbers of coronary interventions 109,783 [113,279] 146,992 18,121 [18,6971 23,584
Total icrease +37,204 [+33,713} +5,463 [+4,887]
Rate of increase +134% [+130%] +130% [+126%]
No. of facilities 1023 [1,056] 1,240 (+121% [+117%]) 486 {5011 581 (+120% [+116%])
Mean number per facility 107 19 (+111%) 37 41 (+111%)
Facilities in which PCI or CABG was performed
in both 1997 and 2000
No. of facilities 967 427
No. of coronary interventions 106,967 131,131 16,740 18,728
Increase in number of coronary interventions +24,164 (+123%) +1,988 (+112%}
Mean number per facility i 136 (+123%) 39 44(+113%)
Contribution ratio to the total increase in number 65.0% 36.4%
Facilities in which PCI or CABG was discontinued
during 1997-2000
No. of facilities 52 51
No. of coronary interventions 1,702 - 1,042 -
Mean number per facility 33 20
Facilities in which PCI or CABG was newly started
during 1997-2000
No. of facilities 273 154
No. of coronary interventions 13,040 3475
Mean number per facility 43 23
Ratio to the total nunber in 2000 2.9% 14.7%
Contribution ratio to the total increase in number 35.0% 63.6%

[ ] Numbers assuming that the collection rates of 96.85% in 1997 and 99.93% in 2000 are equivaleni in both years.

{ ) rate of increase in 2000.

PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.

Results

In the 2000 SJ, we obtained complete answers from
8,268 of 8,274 hospitals {collection rate: 99.93%). The
percentage was similar to that of the 1997 SJ (7,993 of
8,253 hospitals: 96.83%).
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Number of CAG Performed in Japan

CAG was performed in 1,442 facilities of 8,274 hospi-
tals (17.4%), and the total number performed was 543,046,
The mean number of CAG performed per CAG facility was
377 (minirmum: 1, maximum; 9,369). Thus, the pumber of
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CAGs performed was 428
Japan.

The percentage of CAG facilities with an annual number
of CAG below 100 was 24.1% (347 facilities), that below
200 was 42.9% (560 facilities), and that over 800 was
11.9% (252 facilities) (Fig1-A). Only 3.0% of the total
CAGs were performed in CAG facilities with an annual
number of CAG below 100, 10.1% in those below 200, and
40.0% in those over 800 (Fig 1-B).

patients per 105 population in

Number of PCI Performed in Japan
PCI was performed in 1,240 facilities of 8,274 hospitals
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(15.0%) (1,023 facilities in the 1997 ST), and the total
number of PCI performed was 146,992 in the 2000 SJ
(109,788 in the 1997 SJ). PCI increased to 134% (corrected
% by questionnaire collection rate of 2000; 130%) over the
3 years (Table 1). The number of facilities in which PCI
was newly performed in 2000 was 273, and the total PCI
performed in those facilities was 13,040 (8.9% of the total
number in 2000). The mean number of PCI performed per
PCI facility was 119 in the 2000 SJ (minimum: 1, maxi-
mum; 2,567) (107 in the 1997 ST). Thus, the number of
PCIs performed was 116 patients per 105 population in the
2000 87, and 90 in the 1997 SI.
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Table 2 Comparison of Coronary Interventions in the US and Japan in 2000
- us Japan
Annual Number per 10° Annual Number per 107
number population nimber population
CAG 1,318,000 468 543,046 428
PCl 561,000 199 146,992 116
CABG 519,000 134 23,584 19

CAG, coronary arteriography; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.

The percentage of PCI facilities with an annual number
of PCI below 50 was 36.7% (41.6% in the 1997 SI), that
below 100 was 59.8% (64.8% in the 1997 87), and that
below 200 was 82.0% (84.5% in the 1997 SJ) (Fig1-C).

Some 7.1% of the total PCI number (8.9% in the 1997
SI) was performed in PCI facilities with an annual number
of PCI below 50, 20.9% in those below 100 (24.0% in the
1997 8I), 46.9% in those below 200 (49.6% in the 1997
8D, and 20.7% in those over 400 (21.6% in the 1997 SI)
(Fig1-D).

Number of CABG Performed in Japan

CABG was performed in 581 facilities of 8,274 hospitals
(7.0%) (486 facilities in the 1997 SJ), and the total pumber
of CABG performed was 23,584 (18,121 in the 1997 SJ).
CABG increased to 130% (corrected % by questionnaire
collection rate of 2000: 126%) over the 3 years (Table 1).
The number of facilities in which CABG was newly
performed in 2000 was 154, and the total CABG number
performed in those facilities was 3,475 (14.7% of the total
pumber in 2000). The mean number of CABG performed
per CABG facility was 41 in the 2000 8] (minimum: 1,
maximum: 371) (37 in the 1997 SI). Thus, the number of
CABGs performed was 19 patients per 103 population in
the 2000 SJ, and 14 in the 1997 S,

The percentage of CABG facilities with an annual
number of CABG below 50 was 70.9% (76.1% in the 1997
8D, and that below 100 was 91.7% (95.1% in the 1997 SI)
(Fig 1-E).

Some 37.2% of the total CABG number (44.7% in the
1997 8J) was performed in CABG facilities with an annual
number of CABG below 50, and 71.2% in those below 100
(79.8% in the 1997 SJ) (Fig 1-F).

PCI facilities with cardiac surgery departments in the
same hospital accounted for 19.6% of PCI facilities with an
annual number of PCI below 50 (28.4% in the 1997 SI),
40.0% of those between 50 and 100 (42.6% in the 1997
8I), 63.8% in those between 100 and 200 (70.6% in the
1997 SI), and 91.5% in those over 200 {89.7% in the 1997
SI) (Fig2-A). Therefore, 72.2% of the total PCI number
was performed in PCI facilities equipped with a cardiovas-
cular surgery department.

Correlations Between the Annual Numbers of CAG and
PCl or CABG

There was a strong significant correlation between the
annual numbers of CAG and PCI performed at each facility
(r=0.953, p<0.0001) in the 2000 SJ (Fig2-B). The ratio of
CAG to PCI was 3.3, and this rate was almost the same
ameng all institutions. On the other hand, there was no
significant correlation between PCI and CABG in the 2000
87 (Fig2-C).
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Ratio of PCI to CABG

The ratio of the total number of PCI performed to that of
CABG performed was 6.23 in the 2000 SJ and was similar
to that (6.21) of the 1997 SJ. The number of hospitals with
a ratio between 0 and 3 was 175 (30.6%), that between 3
and 5 was 114 (19.9%), that between 5 and 8 was 129
(22.6%), and that over 8 was 155 (27.1%). The percentages
were similar to those of the 1997 SJ.

Numbers of Cardiologists and Cardiovascular Surgeons in
the 2000 8J

In the 2000 SJ, the total number of cardiclogists was
11,232, and that of cardiovascular surgeons was 2,999, and
the ratio was 3.7, The 8,769 cardiologists (78.1%) were
working at 1,442 CAG facilities, and 8,190 (72.9%) in
1,240 PCI facilities. The mean number of cardiologists per
CAG and PCI facility, excluding University hospitals, was
4.5 and 4.8, respectively. There were significant correla-
tions between the pumber of cardiologists and the annual
numbers of CAG or PCI performed (Fig 3-A,-B).

The 2,719 cardiovascular surgeons (90.7%) were work-
ing at 581 CABG facilities. The mean number of cardic-
vascular surgeons per facility excluding the University
hospitals was 3.5. There was a significant correlation
between the annual number of CABG performed and the
number of cardiovascular surgeons (Fig 3-C).

Discussion
Annual Number of CAG Performed in Japan

CAG was performed in 428 patients per 10% population
in the 2000 SJ. In the US, CAG was performed in 468
patients per 10° population in 2000, which was almost
equal to Japan (Table2). There were 12,900,000 patients
with coronary heart disease (4,584 patients per 10° popula-
tion) in the USS but in Japan precise data on the prevalence
of coronary heart disease, based on a naticnwide survey,
are not available, According to the Sth basic investigation
of cardiovascular disease in 2000 by the Japanese Ministry
of Health, Labour and Welfare, patients with coronary heart
disease accounted for 3.2% of 8,369 Japanese (see Internet
Web: http:/fwww.mhlw.go.jp/toukei/saikin/hw/kenkow/
jyunkan/jyunkan00/). It is estimated that the number of
patients with coronary heart disease is 4,060,000 (3,199
patients per 105 population); that is, the ratio of CAG to pa-
tients with CAD in Japan is estimated to be approxirnately
1.4-fold that in the US.

The increase in CAG for patients with CAD in Japan
may be related to differences in the indications for CAG
and the health insurance system; (1) Japanese doctors may
have a tendency to choose CAG in order to clarify the pres-
ence or absence of a significant stenosis of the coronary
arteries or bypass grafts, and to clarify the presence or
absence of restenosis at the PCI site after 3-6 months, even
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if the patient is asymptomatic; and (2) the national health
insurance system of the Japanese Government bears
70-80% of the costs of CAG for all citizens equally.

Comparison Between 1997 and 2000 of Coronary
Interventions )

The total number of PCI and CABG performed
increased to 130% for PCI and 126% for CABG over the 3
years in Japan, compared with an increase to only 104% for
PCI and decrease to 94% for CABG in the US over 2 years
(1998-2000)%

As shown in Tablel, the total numbers of PCI and
CABG in the facilities in which PCT or CABG was per-
formed in both 1997 and 2000 increased to 123% and
113%, respectively. The contribution ratios of the increase
to the total increase in the number of PCI and CABG were
65.0% and 36.4%, respectively, The number of facilities in
which PCI or CABG was newly performed in 2000 was
273 and 154, respectively, and the total PCT and CABGs
performed at those facilities were 13,040 and 3,475,
respectively. The contribution ratios of the increase in the
new facilities to the total increase in the number of PCI and
CABG were 35.0% and 63.6%, respectively (Table 1).

Thus, approximately two-thirds of the increase in the
total numbers of PCI and CABG during the intervening 3
years has been the increase in the number of PCI performed
per facility and the increase in the number of new CABG
facilities. We speculate that these increases in Japan may
be related to increased application of PCI and CABG
because of the development of new techniques and devices,
such as stents. However, similar increases in the numbers
of PCT and CABG were not seen in the US during the same
period. Therefore, the increases can not be explained
purely because of the developments in PCI and CABG
techniques, Also, the ratio of increase for the 3 years is too
large to explain from the increase in the number of patients
with coronary heart disease in Japan. Thus, the increases
may be related to other special factors in Japan such ag the
present Japanese medical economy. Further investigations
are required in the future.

The present study demonstrated that the percentage of
PCI facilities perfoming an annual number of PCI less than
50 decreased from 41.6% in the 1997 ST to 36.7% in the
2000 8J, and that the percentage of CABG facilities per-
foming an annual number of CABG less than 50 decreased
from 76.1% in the 1997 SJ to 70.9% in the 2000 SI. The
Japanese Ministry of Health, Labour and Welfare, and the
ACC/AHA guidelines in the US, recommend that PCI
facilities perform at least 100 (or 200 in the US) procedures
annually. Therefore, these decreases may be associated
with better, more skilful care of patients with CAD,
although this has still to be clarified.

The ratio of PCI to CABG in the 2000 SJ, a3 well as in
the 1997 SJ, was several times higher than that of Western
countries (Table 2) and although there was a strong signifi-
cant correlation between the numbers of CAG and PCI
performed, there was no significant correlation between the
annual numbers of PCI and CABG performed. To analyze
these problems, the indications for PCI and CABG in Japan
and Western countries should be compared and we intend
to do so.

Conclusion
The situation in Japan regarding CAG, PCI and CABG
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is considerably different from that of Western countries.
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SUMMARY

Nowadays, evidence-based medicine has entered the mainstream of clinical judge-
ment and the human genome has been completely decoded. Even the concept of individ-
ually designed medicine, that is, tailor-made medicine, is now being discussed. Due to
their complexity, however, management methods for clinical information have yet to be
established. We have conducted a study on a universal technique which enables one to
select or produce by employing information processing technology clinical findings from
various clinical information generated in vast quantity in day-to-day clinical practice, and
to share such information and/or the results of analysis between two or more institutions.
In this study, clinically useful findings have been successfully obtained by systematizing
actual clinical information and genomic information obtained by an appropriate collecting
and management method of information with due consideration to ethical issues, We
report here these medical achievements as well as technological ones which will play a
role in propagating such medical achievements. (Jpn Heart J2004; 45: 315-324)

Key words: RCN System, Database system, Clinical informatics, Data mining, Informa-
tion technology, Genome analysis, Evidence-based medicine, Tailor-made medicine

Asits population ages, major diseases in Japan have shifted from acute types of
disease such as infections to chronic types such as life-style related diseases.
Meanwhile, the government has recently implemented in some institutions a Pro-
spective Payment System in which the government reimburses remuneration at a
predetermined amount and health care reform with the major purpose being reor-
ganiation of the health care system from an economical point of view is already
in place. As a result, medical institutions are now required to safely and effi-
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ciently offer patients with chronic diseases more effective health care services
than those currently available in order to cope with this reform.

However, in responding to social demands such as this, there are various
issues which are difficult to solve completely only by precautions against human
error or allocation of appropriate human resources. Therefore, the first step to
solve such issues seems to be the preparation of fundamental information that is
readily available prior to actual clinical treatment and the formation of a founda-
tion upon which evidence-based medicine (EBM) is practiced. Since clinical
research activity in Japan to evaluate clinical efficacy and safety is not up to the
levels in Europe and the US, health care is mainly offered according to the clini-
cal guidelines depending on the clinical data compiled in these countries. How-
ever, it must be noted that there are many differences arising from race, incidence
of certain diseases, living environment, enzymatic activities for metabolizing
drugs, and so on, and there is more and more need to collect fundamental clinical
information and analyze clinical data obtained in Japanese subjects.

With the view of resolving these issues, much is expected recently in the
realization of effective as well as efficient and safe health care brought about by
systematizing clinical information. But in a majority of the cases, the attempt to
select useful medical findings from clinical information is being made by individ-
ual clinical studies. It is considered that developing a technique to share such
individual clinical information between health care institutions all over Japan
widely accepted and practiced will in the end greatly contribute to the realization
of a safe and at the same time effective health care system.

The objective of this study was to establish a universal technique with which
to extract medical findings and to systematize diagnostic procedures by applying
pioneering information technology (IT), with the aim of resolving the above-
mentioned problems. In other words, we have constructed a clinical information
management system with the following functions, in order to offer safe health-
care services, to realize efficient and effective healthcare, to improve the level of
healthcare in general and further to overcome economical problems, all by imple-
menting IT in the management of fundamental clinical information:

* Having clinical information in an electronic format {database construction)
» Comprehensive data analysis with data mining as the main function
e Real-time network linking of clinical information

Further, since this system will be utilized to assist in making a diagnosis in
a clinical setting based on the vast amount of fundamental data accumulated in
real-time, we have named this system the “Real-time Clinical Navigator System”
(hereinafter referred to as “RCN System™).
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METHODS

Clinical information database: In this study, we have converted to electronic data
a vast amount of information obtainable in day-to-day clinical activity, that is,
various types of clinical information such as events (“death”, “acute myocardial
infarction”, “cardiac failure”, “stroke”, etc.), laboratory findings (‘“Tchol”,
HbAIC”, “heart rate”, etc.) or prescriptions (*drug for treatment of angina pecto-
ris”, “antithrombotic drug”, “anticoagulant”, etc.) and constructed its database. In
collecting such data, we proceeded through the informed consent procedure with
each individual patient after we had obtained approval from the ethics committee
of the University of Tokyo Faculty of Medicine. We only inputted clinical data
and carried out genomic analysis for those patients who provided informed con-
sent.

One of the major features of the RCN System interface is to store data in the
form of a so-called chronological table, such as that used in historical science,
with the passage of time in mind. There are the following two advantages in data
storage methods according to the passage of time:

o It is possible to refer to the clinical information of a patient in time sequence.

o It is easy to establish the starting point in a prospective or retrospectxve investi-
gation.

To be more specific, presenting a patient's clinical information in a time sequence
such as a chronological table enables one to look at the patient's clinical history
visually. Figure 1 shows the screen displaying a time sequence. Also, it is
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Figure 1. Presentation in time sequence of a patient's clinical history.
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