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ORIGINAL ARTICLE

‘Hemodynamic and hormonal effects of exogenous

adrenomedullin administration in humans
and relationship to insulin re5|stance

Tosluhu'o Kita, Yoshrhlko Suzukll and Kazuo Krtamura

Although adrenomedullm (AM) isa potent hypotenswe peptide that acts mamly asa vasodrlatrve and prollferatlon rnhrbrtory
factor, there have been few hemodynamic studies on AM in humans, especially concerning arterial stiffness and hormonal
effects. In addition, AM is a suppressive factor in insulin resistance, suggesting that the effects of AM in a state of insulin
resistance are important. To evaluate the effects of AM in humans, 28 participants were intravenously administered AM

(5 pmol min-1kg-1) for 90 min. They also received a representative vasodilator drug, nicardipine, as a reference drug. Blood
pressure, heart rate, pulse wave velocity (PWV) and blood flow were monitored throughout the experiment. Hormonal changes

" were also monitored by blood tests. The effects of AM were compared with those of nicardipine. In addition, the effects of AM

were re-evaluated against msulm resistance state. AM and nicardipine produced the same level of hypotensron, but AM showed
a more potent ability to increase heart rate, blood flow and cardiac output and reduce PWV. AM and nicardipine similarly
stimulated plasma noradrenaline and renin activity. However, in the state of insulin resistance, favorable effects of AM on aortic
stiffness were blunted and differences between AM and mcardrpme drsappeared Furthermore, there was a srgmﬁcant correlatron
between maximum changes in the PWV induced by AM and the homeostasis model assessment of insulin resistance index ,
(r=0.58, P=0.001). Our results suggest that AM may improve arterial stiffness and act as a compensatory factor against arteﬂal

sclerosis. Moreover, decreased reactivity of AM may participate-in the progression of arterial sclerosis in insulin resistance.

, Hypertensron Research (2010) 33, 314-319 doi:10.1038/hr.2009.236; pubhshed online 22 January 2010

Keywords: adrenomedullln msulrn resrstance, mcardrpme pulse wave velocrty

INTRODUCTION
Adrenomedullin (AM) is a potent hypotensrve peptlde found ubiqui-
tously in tissues and organs, especially in cardiovascular tissues, the

kidneys, lungs and endocrine glands. AM has multiple functions ina
wide range of tissues and acts mainly as a vasodilative and prolifera-

tion inhibitory factor.! AM also has a role in the development of
arterial sclerosis as an mﬂammatory miodulator.?® Recently, it was
shown that endogenous AM has a protective effect against cardiovas-

cular injury, possibly through the inhibition of oxidative stress.

Morphologically, dense manifestation of AM has been detected in

macrophages within plaques of atherosclerotic lesions.> Shinomiya

etal$ reported an association between plasma AM concentration and

. carotid " atherosclerosis in patients with stroke. Furthermore, we

previously reported a relationship between plasma AM levels and
pulse wave velocity (PWV), an indicator of arterial stiffness, in
patients.” In addition, AM may counteract insulin resistance develop-

ment through an antioxidative stress factor.®® Insulin resistance is

well recogmzed as a major pathogenetrc factor of artenal disorders,

including hypertension ‘and arterial sclerosis. Accumulating data

suggest that AM acts as an important modulator against arterial
sclerosis and organ damage. o
Exogenous AM administration has been shown to have beneficial

: effects in various stages of cardiovascular disease. In normotensive and
- hypertensive subjects, short-term AM infusion produced hypotension

through vasodilation and increased cardiac output.!%!! AM also
improved hemodynamics in heart failure patients. Specifically, AM

administration reduced: arterial pressure and cardiac filling pressure .

and- also increased cardiac output and renal sodium excretion.!
However, the effect of AM on the arteries, especially large arteries,
has not been determined in humans A sustained increase in arterial
stiffness, as demonstrated by increased PWV, is closely correlated with
morbidity and mortality in cardiovascular events.!>!5 In this study,
we investigated the effect of AM on arterial stiffness in human
subjects. In addition, because the effect of AM may be affected by
insulin resistance, we evaluated the relationship between the effects of
AM and insulin resistance state in these subjects.
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METHODS
- Study subjects
Tiventy-eight subjects that were normotensive (#=11), hypertensive (n=9) or
diabetic (n=8) received AM. In addition, all subjects received nicardipine as a
reference drug at least 1 week after AM. Subjects with one or more of the
followmg conditions were excluded: (1) heart failure (ejection fraction < 50%),
(2) severé valvular diseases, (3) renal insufficiency (serum creatinine >1.0mg.
per 100ml), (4) peripheral artery diseases and (5) history of cardiovascular
events. All subjects were completely free from any kind of drugs: The study was
approved by the ethics committee of the msmute, and all participants gave
 written informed consent.

Preparatxon of human AM

Chemically synthesized human AM was purchased from the Pepude Institute,
Osaka, Japan. The homogeneity of human AM ivas confirmed by reverse-phase
high-performance liquid chromatography and amino acid analysis, AM was
dissolved in distilled water with 3.75% p-mannitol and 0.05% aminoacetic
acid; then sterilized by passage through a 0.22-pm filter (Millipore, Bedford,
MA, USA). The chemical nature and content of the human AM in wals were
venﬁed by reverse~phase h:gh performance hquld chromatogmphy

Study protocol ' : o : :

 All experiments. began at 0900 hours wnth sub;ects in a fasted state.

- Experiments were conducted in our outpatient office, which provided a quict
environment with' a constant temperature. A 20-gauge cannula was inserted
into the forearm vein for infusion of 0.9% saline. Saline was infused at a
rate of 100mlh~! throughout the experiments (Figure 1). Baseline measure-
ments were obtained after a_30-min ethbrauon period. Then. AM
(5 pmol min~! kg") was mtrawenously administered at a rate of smih-! for
1.5h followed by saline infusion for 1.5h. One week ‘after AM infusion, the
same subjects were infused with mmrdlpme (1-15pgmin~'kg™") as a
‘reference drug. Blood pressure and pulse rate were monitored every 10min
by an automated hemodynamometer on ‘a brachial cuff. Every 15 min, blood
pressure, heart rate and PWV were measured using anautomatic waveform -
analyzer {form PWV/ABI, BP-203RPE; Omron Colin, Komaki, Japan), as
reported in our previous study.” Carotid artery pulsation was measured
using echo equipment at three time points, as indicated in' Figure I, and the
‘elastic propert)'l6 was calculated. Using the Doppler echo method, blood flow
in the common carotid artery and segmental renal artery were measured, as
was_ cardiac output. Inaddition, blood samples were taken at. three time
points, namely, before, during and after AM infusion. (Figure 1), Plasma -
total and mature AM were measured by specific immunoradiometric assay
kits (Shionogi, Osaka, Japan). Plasma concentrations of other hormones
were measured using a commerctally avaxlable labomlory tesung service
' (SRL. Hachlon, )apan) i

Statlsucal analyses

All data were expressed’ as the manis.em Compansons of pnmmeters
between the two groups (AM vs. nicardipine) were carried out using paired
Student’s ?-tests. Comparisons of the time course of parameters between the
two groups were carried out by two-way. repeated measures analysis of -
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variances followed by BonferronifDunn’s multiple comparison tests. A value of-

P<0.05 was the criterion for statistical slgmﬁcance

RESUL‘I’S

Table 1 presents the baselme characteristics of the participants. AM
and nicardipine achieved the same levels of systolic blood pressure
reduction in all subjects, as shown in Fxgure 2. However, AM produced
a stronger diastolic blood pressure reduction and heart rate increase

-when compared with nicardipine (Figures 2a and b). Most interest-
“ingly, AM caused a significantly larger reduction of PWV and elastic

property of the carotid artery when compared with nicardipine
(Figures 2c and d). These changes rapxdly recovered after termination

of AM or nicardipine administration, except for the prolonged .
decrease in systolic blood pressure induced by mcardlpme Table 2

Tabie 1 Baseline characteristics of participants

Diabet)‘c

, Normotensive - Hypertensive
SN e e e g 8
Age (years) 40.84£25 50.0£2.7° . 485%3.3
- BMI (kgm~2) 243+05 . 24108 25.2+0.9
_SBP (mmHg) 0118918  1554+4.8"  131.3+3.2"
DBP (mm Hg) _ 749%26 95036  81.0+2.2
Heart rate (b.p.m.) 59524 658136 63,1225
PWV(cms™l)  1263£52 1598473  1435%35°
Elastic property (kPa) 97.7+85  154.249.7" 107.1+7.6
Peak CAF (cms~1) 87.1+2.7 76.8+3.0" . 87.9t6.9 .
Mean CAF (cms-1) 37517 351127 ' 381%20
Peak RAF (cms~1) 49.134.1 400226 48.145.2
“Mean RAF (cms-1) 289+18 251317 = 285%33
Cardiac output (I min-?) 452£028  4.55:0.28  4.73:0.25
IRI (U mi-1) 7717  82%20  63%15
Blood sugar (mg per 100ml)  99.4322  1049%33  1650%115"
Total AM {fmol mi-1) 129407 13510 154123
Mature AM (fmolmI=1) 20102 1.9%02 1.7%0.2
Adrenaline (pgml-1) 20,4£2.9 328:76 253126
Noradrenaline (pgmi=1) 255139 282132 18824
Renin activity (ngmi-*h-1) . 0.76+0.28" 0.73£0.15° 1. 24+0. 26
Aldosterone (pgmi-1) - ©70.2£11.0 © 76.0t75 776189
ANP (pgmi=1) 17.2+28  29.1:82 119.1£5.5 "
BNP {pgmi-1) S 12.1%29 36.7£22.0  10.2%3.9"
‘cAMP (pmolmi~1) 11,7306 - 119105 11.6£0.7.
cGMP(DmoImI") ; 29103 44+10 29105

AM, adrenomedullin; ANP, atrial natriuretic peptide; BMI, ‘body mass index;
BNP, brain jureti ide; CAF, carotid artery flow; DBP, diastolic blood pressure;
IRI, immunoreactive insulin; PWV, pulse wave velocuy RAF tenal seynental anery ﬁwt :
SBP, systolic blood pressure. :
*P<0. 05 "P<0 Ol vs. normolenswe

/:Sa!ine infusion [

AMor nicérdlplne i
[30 min | [
- PWY Ry
, ~ Echomeasurements =~ E=mmmm
;.- Blood sampling : i S T

Figure 1 Expenmental protocol. After a. 604nm baselme penod AM (5pmolmin-1 kg“) or mcardlpme (l-l 5pgmm‘1kg") was mtravenuus!y

administered for S0 min followed by a 90min post-mfuscon period.
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Blood pressure (mmHg)
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80 -
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Beiore During After

Figure 2 Changes in blood pressure {a), heart rate {b), pulse wave velocity (c) and elastic property ‘of the carotid artery (d) during infusion of AM
{closed symbols) or nicardipine (open symbols) Data are meants.e. m *P<0.05, **P<0.01, **P<0.0001 vs. each baseline; #P<0.05, #*P<0. 01,

#pLQ, 0001 vs. nicardipine.

Table 2 Changes of blood fiow velocity and cardiac output

P in trend

Before During After .

Peak CAF (cms™1) , o S .
AM 840425  130.2+3.0'*  803:25  <0.0001
Nicardipine  83.912.6 107.2£2.5" 84.2+2.0 ° <0.0001

Mean CAF (cms™1) o
AM . 37.2%1.2 53.8+1.4° % 34311  <0.0001
Nicardipine 36411  427:12" 34.7£1.0 <0.0001

 Peak RAF (cms~!) - ' R o
AM 459124  61.2+33" 40912.1% <0.0001
Nicardipine ~ 46.112.5 56.9+2.8" 450+2.2 0.0017

Mean RAF {cms™1) o ' ;

AM 276+1.3 340+1.6""" 24.8:1.1¥  <0.0001
Nicardipine 27.7114 ~ 31.6%16 273+1.3 0.066

Cardiac output (Imin~1) LR : .
AM 4.5910.15 7.6310.257-%"  4.7710.14 <0.0001
Nicardipine ~4.58+0.14 - . 6.1810.30" 4901027  <0.0001

Abbreviations: AM, dullin; CAF, carolid artery flow; RAF, renal segmental

atery flow. = - Lo : ‘ :

Date are meants.e.m.
**P<0.01 vs. before. = -
¥P<0.05, **P<0.01 vs. nicardipine.

summarizes the increase in blood flow and cardiac output after AM or
nicardipine administration. Both reagents clearly increased blood flow,

but AM was more potent than nicardipine. AM induced significantly
" blood flow in carotid and renal arteries. These effects were similar

larger increases in cardiac output when compared with nicardipine.

Hypertensidn Research

The responses of these parameters were similar among normoten-
sive, hypertensive and diabetic groups of subjects (data not shown).
Next, subjects were divided into three groups according to the
homeostasis model assessment of insulin - resistance (HOMA-IR)
index, according to which the highest tertile (HOMA-IR>2.0) corre-
sponds to an insulin-resistant state in Japan. HOMA-IR values for each
group were .as follows. low=0.31-1.39 (n= 9), middle= 143-1.78

‘(n=10) and high = 2.00-6.96 (n=9). As shown in Figure 3, only the

reduction in PWV induced by AM was blunted in subjects with the
highest HOMA-IR, despite the nearly identical reduction in systolic
blood pressure. In this group, the reductions in PWV were similar for
AM and nicardipine treatments. This phenomenon was also confirmed
by the significant correlation between maximum changes in PWV

_induced by AM and HOMA-IR (Figure 4). The difference in elastic

property reduction between AM and nicardipine treatment was not

’slgmﬁcant in the high HOMA-IR group (Figure 3c).

“Table 3 summarizes the changas in humoral factors. AM adm:ms-'
tration produced significant increases in total AM (approximately
25-fold) and mature AM (approx]mately 7-fold) as well as an
approximately 40% increase in the second messenger cAMP. AM
and mcardxpme produced the same degree of increase in noradrena-
line and renin activity. There was no significant difference among
the HOMA-IR groups for all humoral factor alterations (data not

‘shown). Finally, AM and mcardxpme had no effect on insulin and

glucose levels

DISCUSSION

In this study, we confirmed the hemodynamic effects of AM as a
vasodilative agent in humans. AM increased heart rate and cardiac
output and decreased blood pressure. In addition, AM increased
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Figure 3 Maximum changes in systolic blood pressure (SBP panel a), pulse wave velocity (PWV, panel b) and elastlc property of the carotid artery (Ep, panel
¢) during infusion of AM {closed column) or nicardipine {(open column) in each of the three groups divided by HOMA-IR index. Groups divided by HOMA-IR
index include low (7=9), middle (n=10} and high (n=9) index groups. Data are mean+ts.e.m. *P<0.05, **P<0.01. :
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', F‘gure 4 Relatlonshlp between maxlmum changes in pulse wave veloclty
(PWV) mduced by AM admmlstratlon and the HOMA- IR mdex

to those of the common vasodllator mcardnpme. However, AM

produced greater increases in cardiac output and heart rate when

compared with nicardipine (Table 2). The ventricular myocardmm has

abundant AM-bmdmg sites; . therefore,” AM  increases - cardiac

cAMP.718 This cAMP-dependent mechanism mediates the positive
 inotropic action of B-adrenergic stimulants. AM also enhances anglo-
tensm-II-mduced improvement of systolic. function, resulting in a
further increase in left ventricular ejection fraction.!® In addition,

a cAMP-independent mechanism for the posmve motropxc action of

AM has been reported.?® These data suggest that increased cardiac

output, and probably heart rate, may be attributable not only to the

decrease in cardiac afterload but also to the direct posmve inotropic
action of AM.

PWV is a convenient mdlcator of artenal suﬂ'ness and is apphcable,

/m the casual and prognostic estimation of risk for cardiovascular

events. We used brachial ankle PWV (baPWV) in this study. As shown

for authentic PWV, baPWV correlates well with blood pressure and
aging! and increased baPWV is associated with cardiovascular
diseases and risk factors.2 More importantly, high baPWV values
predict poor prognosis in subjects.2? Conversely, improvement of
- PWV by antihypertensive therapy may reduce the incidence of
cardiovascular events.!® Strong expression of AM is found ubiqui-
tously in blood vessels where AM functions as a vasodﬂator, coordi-
nating with other vasodllators, such as nitric oxide, to- regulate

vascular tonus.! AM is suggested to be a significant modulator of -

arterial stiffniess, decreasing blood pressure and vascular wall tension

and preventing future wall remodeling. In this study, AM had a greater

“effect on aortic stiffness, as assessed by baPWV or elastic property,
when compared with a common vasodilator Ca?* channel blocker
(Figure 2). This feature ‘may contribute to a vascular protective or
compensatory function of AM agamst vascular detenoranon and
resulting vascular events.

baPWV is mamly altered by blood pressure, but other factors, such

as increased heart rate, cardiac output and sympathetic nerve activity,

may also increase baPWV. Indeed, the effect of nifedipine on baPWV
was reduced by increased sympathetic activity.2* Although decreases in
systolic blood pressure were well matched in nicardipine and AM
treatments, AM_ showed. greater baPWV reduction despite’ larger

"~ increments in heart rate and cardiac output when compared with

nicardipine (Fxgure 2 and Table 2). The increases in catecholamines
and renin activity were equivalent in both treatments (Table 3). These
alterations probably reduced or inhibited the decrease in baPWYV in
mcardlpme treatment. Altematwely, it is concewable that AM has
greater potency against negative alterations to increase baPWV when
compared with nicardipine. ’

AM and nicardipine produced a larger blood pressure reduction in
hypertenswe participants when compared with normotensive or
diabetic participants, which is a common feature of hypotensive
reagents (data not shown). However, other hemodynarmc effects of

AM and nicardipine evaluated within each treatment were essentially -

the same for each subgroup of participants. We evaluated potentially
influential factors in the effects of AM, and we found that only the
insulin resistance interfered with the effects of AM. Insulin resistance

is an aggravating factor in vascular function and is an underlying cause
of cardiovascular diseases. Insulin resistance also influences the

sensitivity or efficacy of many drugs and bioactive substances. More
importantly, increased arterial snﬂ"ness is commonly found in repre-
sentative insulin resistance states, namely, metabolic syndrome and
diabetes.?%7 As shown in Figures 3 and 4, favorable effects of AM on

‘arterial snffness were blunted in a state of insulin resistance. AM is

thought to function as a suppressive factor against insulin resistance.8?
As such, plasma concentration of AM was progressively increased in
patients with impaired glucose tolerance, diabetes and diabetes with
nephropathy.28 In addition, an increase in AM was related to multiple
metabolic factors.”® AM and insulin resistance may conflict with each

other. Specifically, decreased reactmty of AM may contribute to
increased arterial stiffness dunng insulin resistance, and this alteratmn '

may accelerate the progression of artenal sclerosis in insulin resistance.
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Table 3 Hormonal responses to adrenomedullin or nicardipine

Before ‘ During After P in trend

Total AM, fmolmi-! :

AM 13908 @ 328x1.8" 169106 <0.0001

Nica{dipine 13.1+0.4 12.4+£0.4% 12.8+ 0.5 NS
Mature AM, fmolmit-1 ;

AM 1.9:0.1 12.2£0.8" 2.610.1 <0,0001

Nicardipine 1.6+0.2 1.8+0.27 1.7+£0.2% NS
cAMP, pmolmt~1 : )

AM -11.830.3 16.5+0.5™ 12904 <0.0001

Nicardipine 11.11£0.4 11.0£0.4% 11.1£0.4% NS
cGMP, pmolmi-!. . .

AM ) 3.5+ 04 3.7+0.3 34104 NS

Nicardipine 3.6+03 3.7+0.3 3.0+0.2 NS
Renin activity, ngmt-1 -1 :

AM 0.910.1 1.7+0.3™ 1.0£0.1 0.006

Nicardipine 0.9£0.1 1.7+0.3" 1.110.1 0.016
Aldosterone, pgmi-!

AM 74.4+£52. 69.7%5.3 65.3%+3.7 NS

Nicardipine™ 78.2+4.7 77.2£5.3% 710145 NS
Noradrenaline, pgmi-!

AM 245120 429433 267121 <0.0001

Nicardipine 247+19 423+33" 346+ 25" #¢ <0.0001
Adrenaline, pgmi-!

AM 276133 32.1+3.8 25822 NS

Nicardipine 21.8+2.1% 24.4 320 31.8+£3.2"% 0.04
ANP, pgmi-1

M 21.8+3.2 254t4.1 22.7+3.7 NS

Nicardipine 17.0+18 19.0+2.0% 14.0+1.2% NS
BNP, pgmi-1

AM 12.4+£2.0 114118 140422 NS

Nicardipine 9.4+1.6 10.0£1.7 10.1£1.6 NS
IR, plUmi1 .

AM 7.2+1.0 7.1£0.9 6.010.7 NS

Nicardipine 8.0+0.8 7.1£0.7 6.4+0.6 NS
Glucose. mg per 100ml

AM 11916 11616 1105 NS

Nicardipine 12418 1218 1167 NS

Abhrewauons. AM, adrenomedullm ANP, atrial natriuretic peptide; BNP, brain natriuretic
ide; IR, i fin; NS, not significant. .

Date are meants.e.m.

*P<0.05, **P<0.01 vs. before.

#P<0.05, **P<0.01 vs. AM.

However, this intervention is only a temporary treatment, so further
studies are required to clarify the relationship between AM and insulin
resistance. ‘

Plasma concentration of total AM was increased approximately 2.4-
fold above the control value after AM administration (Table 3). This
level of AM concentration has been found in renal failure or heart
failure patients,? so the level of AM used was pathophysiological, not

Hypertension Reseaich
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pharmacological. AM administration also increased cAMP, which is a
second messenger of AM, approximately 1.4-fold above the control
value. Similar changes in AM and cAMP have been reported in
previous studies.'*'2' AM and nicardipine also produced similar
hormonal alterations, namely, stimulated sympathetic activity and
renin release, which was also observed in another study.'®!! The only
difference between the effects of AM and nicardipine in our study was
on aldosterone release. AM tended to inhibit aldosterone release
despite increased renin. activity, although this difference was not
significant (P=0.051, Table 3). AM did not change aldosterone levels
in healthy volunteers or patients with essential hypertension,!%!! but
AM suppressed increased aldosterone levels in patients with heart
failure.)? Furthermore, AM may have renin-independent suppressive
potency for aldosterone release, and thls feature should be eluc:dated
in future studies.

In conclusion, exogenous AM and Ca?* channel blocker nicardipine
caused similar vasodilations in humans, accompanied with resemble

 interactions with the renin-angiotensin and sympathetic nervous

systems. However, AM had a greater potency in its cardiac inotropic
action when compared with nicardipine. AM also more effectively
decreased arterial stiffness, but the effect was weakened to a similar
level as for nicardipine in a state of insulin resistance. Our results
support the hypothesis that AM may modulate vasoactive substances
and vascular tonus and also have a role in pathophysiological condi-
tions, such as an insulin resistance state. ‘
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One-year effectiveness and safety of open- Iabel
IosartanlhydrochIorothua2|de combination therapy
in Japanese patients with hypertension uncontrolled

‘with ARBs or ACE inhibitors

Toshihiro Kita!, Naoto Yokota?, Yoshinari Ichiki-” Takao Ayabe?, Takuma Etoh®, Noboru Tamakl6 Iohp Kato’,
Tanenao Eto® and Kazuo Kltamural for the PALM-I study mvestxgators

The long-term antlhypertenswe efﬁcacy and safety ¢ of Iosartan/hydrochlorothlazme (HCT2) combinations have not been
appropriately evaluated in Japan. In this study, treated hypertensive patients taking angiotensin-receptor blocker (ARB) or
angiotensin-converting enzyme inhibitor (ACEI) regimens not at blood pressure (BP) goals proposed by the Japanese Society
of Hypertension (JSH) were switched to losartan/HCTZ combmattons and followed for 1 year. Data analysis included 244 patients
aged 64.5 + 10.7 years, 56% male, 27% with diabetes mellitus and 36% with dyslipidemia. Pre-switching BP 157 £ 16/

88 + 10 mm Hg promptly decreased and maintained a steady state, reaching 132 15/77 + 9 mmHg (P<0.001) 1 year later.
After 1 year of treatment, 50% of patients cleared the goals of the JSH guideline for systolic BP and 79% for diastolic BP.
Patients with maximal doses of ARBs tended to show larger decreases in BP (159 +11/90+ 10 to 128 + 10/75 + 8 mm Hg,
P<0.001, n=32). Clinical and laboratory adverse events were reported for 29 patients (1 1%), but serious abnormalities were
not observed. In particular, plasma levels of uric acid (UA) were well-maintained for 1 year, and significant decreases in UA
were observed in patients with higher levels of UA (>7.0 mgdi-1). Losartan/HCTZ combinations showed strong and steady
hypotensive abilities and acceptable safety and tolerabllsty in patxents currently not at BP goals with reglmens including ARBs

or ACEls in Japan.
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INTRODUCTION -
Guidelines for hypertension treatment. including those of the Japanese

Society of Hypertension (JSH), have recommended strict blood
" pressure (BP) control, with the aim of improving protection against

cardiovascular and renal accidents.!> However, considerable numbers

of hypertensive patients have not achieved the recommended goals of

BP in Japan.® The JSH guideline recommends angiotensin-receptor
blockers (ARBs), angiotensin-converting enzyme inhibitors (ACEIs),
Ca?* channel blockers (CCB), B-blockers and diuretics as first-line
drugs for hypertensive treatment.! The guideline also recommends
appropriate combinations of the drugs, in particular | low-dose (quarter

~ to half dose) diuretics are recommended as an important candidate

for satisfactory BP control.! However, the prescribing rate of diuretics
was quite low (under 10%) in cases of monotherapy or combination
therapy for hypertension in Japan.* The principal reason for reluc-

tance to prescribe thiazide diuretics is the metabolic side effects of the
drugs. However, low-dose thiazide diuretics retain their hypotensive

 abilities with minimal side effects.> Therefore, proper application of
klow-dose diuretics, particularly in combination theraples, is desnrable

in Japan to improve BP control.
A fixed dose combination of losartan (50 mg)/hydrochlorothlaltde '
(HCTZ, 12.5 mg) (Preminent; BanyulMerck, Tokyo, Japan) is the first
combmatxon of an ARB and a diuretic for hypertenswe treatment in
Japan, and is expected to be effective and safe from the pharmaco-
logical properties of both drugs. However, limited data were available
on the combination drug in Japan, especially with regard to long-term
treatment, large numbers of patients and its use in a clinical setting.53
We organized a study group mainly consisting of clinical physicians in .
Miyazaki Prefecture in Japan (Preminent Assigned League in Miyazaki
by anary care physncnans. PALM-1 study group), and evaluated the
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efficacy and safety of the fixed combination of losartan/HCTZ for
patients with essential hypertension for 1 year.

- METHODS
Study subjects , :
This study was conducted at 43 centers for the PALM-1 study group
{Appendix). Patients with essential hypertension (20-79 years old) were
considered for screening and potential recruitment into. the trial. They had
visited the attending clinics from February 2007 to March 2008 and had not

reached BP goals with antihypertensive therapy regimens, including ARBs or '

ACEIS, but not diuretics, over 1 month, Patients were excluded from the study
if there was any evidence of secondary hypertension, renal failure (serum
creatinine >2.0mg dI=1), severe liver dysfunction and symptomatic heart
failure (New York Heart Association functional class-IIl or IV for dyspnea at
exertion). Patients with concomitant use of two or more ARBs and/or ACEIs
and any type °§ diuretics were also excluded.

Study protocol
~ The study was conducted in accordance with the principles of the declaratnon of

Helsinki. The investigational protocol was approved by the ethics committee:

for human studies at the Umvemty of Miyazaki. lnformed consent was
obtained from all patients prior to recruitment.

This was an open-label, multicenter study cons:snng of a 3-month screen-
ing/baseline penod and “l-year treatment period. Under amihypenenswe

treatment with reégimens including ARBs or ACEIS; at least two BP measure- -
ments were conducted within 3 months of the baseline period to confirm
baseline BP measurements were over the recommended BP goals of the JSH.

The BP goals were 130/85mm Hg for patients aged less than 65 years, 140/
90 mm Hg for those aged 65 years or more, 130/80 mm Hg for patients with
diabetes and/or chronic kidney disease and/or history of myomrdlal infarction,
‘and '140/90 mm Hg for patients with a history of stroke. ! After screening 311
patients, 266 entered the trial. Then only ARBs or ACEIs were switched to the
fixed dose combination of IosartaanCTZ and patients were followed for 1
year. Changed prescnpnons ‘were kept for the initial 3 months and then, if

needed, adjustments of antiiypertensive drugs were allowed except for ARBs,

ACEIs and diuretics. Symptoms, sitting BP, pulse rate and blood tests, including
potassium, uric acid (UA), lipid profile, creatinine, glucose, hemoglobin-Alc
(HbAlc, diabetic patients only), were evaluated every 3 months. Major
complications were also evaluated. The criteria for diabetes and dyslipidemia
were as follows: diabetes, using antiglycemic drugs or fasting blood glucose
2126 mgdl" dyslipidemia, using lipid-lowering drugs or total cholesterol
>220mgdi~! and/or high- dens1ty hpoprotem-choleslerol <40 mgdl‘ and/
or lnglycende -4 |50 mgdl‘ ;

Staustwal analysxs i ey

All data are expressed as inani:sd The sxgmﬁcance of dlﬁ’erences was: =

evaluated by one-factor analysis of variance with repeated measures on the
time course of variables followed by Bonferroni/Dunn past hoc comparison
tests, Compansons of parameters among subgroups were made by unpzured

Dunnet’s C-test or analysis of variance followed by ‘Scheffe’s post hoc compar- -

:son test. P-value <0 05 was the cntenon for stansncal slgmﬁcance

RESULTS

As mdxcated in Figure'l, 22 of the 266 enrolled patlents dropped out
within the first 3 months. The remaining 244 patients were considered
as full analytical objects. Finally, 222 panents comp]eted the entlre tnal /

and were used for evaluation of efficacy, =
The baseline characteristics of the study populatlon are summarized

in Table 1. Patients’ age was 64.5+ 10.7 years, 56% were male and -

major complications included 27% of patients with diabetes, 36%
_with dyslipidemia and 18% with mild heart failure. Pre-prescribed
ARBs or ACEIs were well distributed from among drugs on the market
and, noteworthy, the average doses per day of the drugs were very
close to the usual dosage of each drug (Table l) ARBs or ACEIs were
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Screened n=311 . |
* withdrew consent n=2
« not eligible n=43
Received Study Drug n=266

« protocol violatiom=10
« stop drug (within 3M) n=7

: Analw cal dbiecl n 244 j « lost to follow up (within 3M) n=5
« with no blood pressure vatue forthe :
12th month n=22 -

Completed Study n=222

Figure 1 Patient disposition and reasons for exclusion.

Table 1 Baseline characteristics (7=244)

Variable . Value Average doses (mgday~1)
Age (years)  64.5+10.7
Male (m 136 (56%)
Bodymass mdex(kgm""’) 252#56 ;
Wanst cwcumference (cm) 85.9+8. 6
Obesity (m) 11048%)
- Diabetes () 66 (27%)
Dyslipidemia (n) 88(36%)
Heart diseases (n) 43 (18%)
Renal insufficiency (n) - 8(3%)
Antitypertensives (n) i
One drug 93 (38%)
© Over two drugs 151 (62%)
Pre-prescribed drugs (n) sE s
- Valsartan - . 68(28%) 88.8140.1
Candesartan 54 (22%) 84122
Losartan . 34 (14%) 51.5+8.6.
Telmisartan . 32(13%) 40.3£10.0
~ Olmesartan - 31(13%) 226186
- ACE inhibitors - 25 (10%) '

Abbrevlation ACE, angwtensin—convemng enzyme :

used as monotherapy for 93 patients (38%) and as combmed therapy,
mainly with CCB, for 151 patients (62%). Other pre-prescribed drugs
were as follows and these drugs were not altered after introduction of

the losartan/HCTZ ‘combination: antiglycemic drugs for 38 of 266

patients (37 of 222), lipid-lowering drugs for 58 of 266 (53 of 222) and

UA-lowering drugs for 14 of 266 (14 of 222).
The timne course of BP in all patients is illustrated in Plgure 2. Baseline
BP 157+16/88+10mmHg significantly decreased to 134+ 14/

77+9mm Hg at 3 months (P<0.001) (fixed prescnpnon penod), and
 then steady levels were maintained throughout the remaining treatment

penod The respective goals of BP were cleared by 50% of the patients for
systolic BP and 79% of the patients for diastolic BP in the final assessment

1 year later. Interestingly, 32 of 222 patients who were switched from the

maxxmum dose of ARBs showed a snrmlar to larger decrease in BP
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as compared with patients with low-to-medium dose of ARBs
{Figure 3). There was a significant difference in the changes of BP
from 3 months to 1 vear between patients switched from low-
to-medium dose of ARBs and maximum dose of ARBs (at 1 year:
systolic BP, 23 £ 19 vs. 31 & 13 mm Hg, P=0.005; diastolic BP, 10+ 11
v, 15+ Whmm Hg, P=0.027). As shown in Figure 4, similar and
significant decreases in systolic and diastolic BP were achieved in all
patients grouped based on pre- prcscnbed drugs at 1 year. Also there
was no ditference in BP changes among all ARBs and ACEL-receiving
patients. The systolic and diastolic BPs at 0 and 12 month { dmng,cs
of the BPs) for each drug were as follows: losartan, 154%17
to 135+ [0mmHg (~19%17mmHg, P<0.001) and 87£11 to
78+8mmHg (~9%10mm Hg, P<0.001); candesartan, 156+ 14
to 131+ 4mmig (-24%17mmHg, P<0001) and 8719 to
76x9mmHyg (-1 1£10mmHg,  P<0.001): valsartan, 160% 16
to 134 13mmHg (-26+18mmHg, P<0001) and 8919 to
77E8mmHy (~12+10mmHg, P<0001);: telmisartan, 156 £ 17

180 ¢~ - -
- v% %\ | |
B :
= td0 - - I 1 I
e 120 ..i - .i .i, ..;
2 e arn i te
.8 100 :
N Iy
b+
g w80 k4 \ s 1 I 1 1
0 - o
a0 " y
Controt oM S3M &M oM 12M
SBP: 157516 357416 184214 183515 13414 132215
DEP: 8812 88210 779 76:9 78210 77=9
HR @ 74211 74212 7418 74x11 0 T4z12 0 7371

Figﬁre 2 The time course of BP ié all patients {n=222). “*p0.001

compared with month 0. BP, bleod pressure.

: ngstolic Blood ?ressure

to 132220mmHg l-74+§ammHg, P<0.001) and 83%12 1o
75% 1immHg (~1028mmHg, P<0001); olmesartan, 1533118

‘to 129% MmmHyg (~24224mmHg, P<0.001) and 88% 13 to

770 10mmHg (~11 £ 15mmHg, P<0.001); and ACEl, 15916
to 133+19mm Hg ( ~~~~~~ 26%20 mm 13 lg, P<0 0{)1) And 8/ + ‘) to
number of yal!emtmns in muhypex tensive dmgs after 3 momhs {8 of
222): two terminations of CCBs, one de¢rease of CCB, four introduc-
tions of low doses of CCBs for patients receiving low-to-mediun dose
of ARBs and one imroduction of atenolol {l’ smg) fora psucm with
maximum dose of ARBs. :

To “determing the difference in rcccp!ivity to losartan/HCTZ
between specific backgrounds of the patients, we compared BP

-@- Maximum dose of ARBs (n = 32)
i Lowto-medium dose of ARBs (n = 169)
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Figure 3 T!ze 1ime course of BP in patients switched from maximum dose

with month 0. ARB, angiotensin-receptor blocker; BF, bloed pressure.

Diastolic Biood Pressure

n.8. -

Figure 4 Decreases in BP after 12 months for each pre‘arascn%}éd drug,
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changes at 1 year for various subgroups. However, there was no
difference among the subgroups and specific factors contrlbutmg to

resistance against losartan/HCTZ were not detected. For ‘example, if

patients are grouped 'according - presence (+) -or absence (=) of
diabetes (D) and obesity (O) (body mass index, >25kgm™2),
decreases in systolic BP were 24 18mmHg (D+/O+, n=35),
23+ 17mmHg (D+O-, #=27), 24+ 15mmHg (D—/O+, n=63)
and 25+ 21 mm Hg (D—/O—, n=97). This indicates that the losar-
tan/HCTZ combination is eﬁ'ecnve even for patients with diabetes and
obesity.

Remarkable changes were not observed in_metabolic parameters :
DISCUSSION

after 1 year of treatment with losartan/HCTZ. Figure 5 shows changes
in UA levels in all patients (5.46+1.43 to 5.62+1.43mgdl™") and
- subgroups with high levels of UA at baseline and others. UA level
“was_slightly increased in ‘patients with- relatively low levels of UA
(VA< 7.0mgdl~!, middle panel): 502% 1.11 to 5.37 £ 1. 34mgdl“
(P<0.001). But, interestingly, UA level was srgmﬁcantly decreased
in patients with high level of UA (UA > 7.0mgdl™!, right panel):
7.66+0.57 to 6.88 £ 1.16 mgdl~! (P=0.004). Other changes (month
0 to 12) concerning parameters in blood tests are summanzed in
Table 2.
Adverse events were observed in 29 of 266 patients (10 9%) who
received the losartan/HCTZ combination, including accidental events,
and 16 (5.4%) discontinued the losartan/HCTZ combination, while

UA<70mgdl  UA27.0mg/d

All Patients
(n=174) ' (n=145) (n=29)
8.0 —J =T
B» 7.0 : ?\
! o e : , 6.88
E. i , :
] 5.62 L3
o—9 1 5.37 e
< 50 e P=0.004
g | 548 502 boat
5 40 — ——
3.0 P=0.06 - P<0.001
BPY’) SE— :
OM 12 OM  12M  OM 1M

Figure 5 Changes in serum UA levels in all patlents (Ieft panel) and in those
with high (middle panel) and Iow-tomedlum levels (nght panel) of UA. UA,
uric acld : ;

Table 2 Changes of parameters in blood teets

 Month 12

Month O P-value
All patients g : : i
Potassium (mEq-1) 4.13+0.48 415:052 -, 067
Total cholesterol (mgdi-!) 19934 19131 0.001
HDL-cholesterol (mgdi-1) 5641146 = '55.1%13.6 0075
Triglyceride (mgdi~!) 147+96 149396, 074
" Creatinine (mgdi-1) 0.83+0.29 .~ 0.88:0.30  <0.001
Glucose (mgdi-1) 118446 - 121%52 . 024
Diabetic patients only (n=52) ~ LD g '
Glucose (mgdi-1) 154162 155173 0.83
HbAlc (%) 6.45+1.22 6.46%1.15 091

Abbreviations: ACE, angiotensin-converting enzyme; HDL, high-density lipoprotein.
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the remaining 13 patients contmued receiving the drug, Among the16

patients who discontinued, 13 events (4.9%) were considered possibly,
probably or deﬁmtely drug-related Laboratory abnormalities were
observed for 13 patients. The 13 drug-related adverse events included
three cases of hypokalemia, two patients who complalned of skin rash,

~ one patient who suffered photosensitive dermatoses, worsening of
 diabetes in.one patient and excessive BP depressron in six patients.

Four patients of 266 dlscontmued the Josartan/HCTZ combination
because of patient circumstances or requests. wrthout adverse events.
No death occurred during the study

Only 42% of hypertensive panents reached the guideline BP goals in

the J-HOME (Japan Home versus Office Blood Pressure Measurement

Evaluation) study. Mori et al? reported that hypertensive patients
attaining BP under 140/90 mm Hg by monotherapy were limited to
34.0% with ARBs and 40. 3% with CCBs. Additionally, strict BP goals

- (130/80 mm Hg) are recommended for hypertensive patients with

diabetes, chronic kidney disease and old myocardial infarction.!
Addition of low-dose diuretics is recommended as a key combination
therapy for better BP control in the JSH guldelme1 However, the
prescnpnon rate of diuretics remains low in Japan, for example, 9.3%
in the J-HOME study® Additionally, combination therapy with
diuretics seems to contribute to organ protection. Many large-scale
clinical trials have shown organ-protective effects of losartan, and,
importantly, the majority of patients in these trials concomlta.ntly used
diuretics, for example, 72% in the LIFE (Losartan Intervention For

Endpoint) trial and 84% in the RENAAL (Reduction of Endpomts in

NIDDM with the Angiotensin-Il Antagonist Losartan) trial,'%!!
Therefore, an acceptable and safe way to introduce low doses of
diuretics for hypertension therapy is desirable in Japan.

The losartan/HCTZ combination is ‘composed of losartan, whlchv

displays superior activity under the activated renin-angiotensin sys-
tem'? and a thiazide-diuretic that activates remn—angrotensm system
through a diuretic effect,’® so this combination is expected to be

 efficient in BP lowering by the synergistic effect of both the drugs. In

this study, BP was decreased by 23+ 17/11 +10 mm Hg at 3 months

‘and 241 18/11 £ 11 mm Hg at 12 months after switching from ARBs

‘or ACEIs alone to the losartan/HCTZ combination for patients who

~ did not reach the BP goal with regimens including ARBs or ACEIs.

Similar decreases in BP were observed with all types of pre-prescribed
ARBs ‘and. ACEls (Frgure 4), and thus these strong and steady
decreases in BP seem to depend on the HCTZ ‘add-on’ effect. Salt

intake of the Japanese is relatively high,'* and thus excess salt may
suppress the renm—anglotensm system and disturb the ability of ARBs
‘or ACEls. In particular, this possibility seems high for patients whose
BP was not satlsfactonly suppressed by ARBs or ACEIs. Alternatively,

HTCZ probably works well in that situation; and this possibility is

 indirectly supported by evidence that patients pre-using the maximum

dose of ARBs showed larger decreases in BP than those using the low-

~ to-medium dose of ARBs following introduction of the losartan/

HCTZ combination (Figures 2 and 3). Also this synergistic effect is

~ effective in a comprehensive range of patients; over 90% of patients

showed meaningful reductions in diastolic BP (>10mmHg) and

79% of patients reached the BP goals of the JSH guideline, and thus

specific cases of diabetes or obesity resrstant agamst losartan/HCT Z
combination were not detected.

Diuretics such as. HCI‘ 7 have been avoided in ]apan for fear of their
negative effects on metabohc parameters. In particular, hypokalemra
and increase in UA are associated with. HCTZ. In combination with
losartan, hypokalemia m'aykbe canceled by the anti-aldosterone effect

323
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of ARBs and UA elevation may be enfeebled by the UA-decreasing
ability of losartan. Losartan has a unique effect of stimulating UA

excretion in urine by suppressing UA transporters URATI .

and URATv1, with a resulting decrease in the serum levels
of UA.'>16 In this study, these expectations were well achieved and
potassium and UA levels were kept within normal ranges.
Additionally, a significant decrease in UA was observed for patients

with high levels of UA (Flgure 5). Except for losartan, clinical doses :

of ARBs do not have suppressive properties on the UA transporters,!”
This property of losartan should be proﬁtable in combmatlon
with HCTZ.

Another concern with HCTZ is worsening of glucose metabohsm. ' ,
* 5 ALLHAT Officers and Coordinatars for the ALLHAT Collaborative Research Group. The'

A recent cohort study in Talwan showed that diuretic or
B-blocker monotherapy increased the risk of new-onset diabetes,
but combination therapies composed of diuretics or B-blocker

with ACEI or ARB did not. Conversely, there was a decrease in the_

risk of new-onset diabetes.!® In this study, blood glucose and HbAlc
levels were stable in patients with diabetes (Table 2), as was glucose
level in all patients, and so the losartan/HCTZ combination appears to
be safe for glucose metabolism. However, the sensitivity of g]ucose
metabolism under diuretics use could be changed by gene variation,'?
and thus there may be small numbers of susceptible patients. In fact,
one patient dropped out because of worsening of diabetes in this
study. Therefore, careful monitoring ‘of glucose metabolism is
required.

Fixed dose combination drugs decrease the number of pills taken
and may contribute to better adherence. Patients on a fixed-combina-
tion regimen showed better persistence after 1 year of antihypertensive
treatment, namely 58% for combination therapy with ACEl plus
diuretics in two pills, and 70% for one-pill fixed combination.?’ In
this study, a limited number of patients, 44 of 266 (16.5%), dropped
out despite the clinical setting, so this fixed combmatlon could be
beneficial in clinical use.

In summary, a fixed dose combination of losartan/HCTZ for
1 year of treatment in a clinical setting resulted in sufficient and
steady BP decrease in a majority of Japanese hypertensive patients who
had not been controlled with a regimen including ARBs or ACEIs.
Also this combination showed acceptable safety and tolerability.
A fixed dose combination of losartan/HCTZ is an available tool
to introduce low-dose diuretics for treatment of uncontrolled hyper-
tension in Japan. ' '
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Repeated Sirolimus-Eluting Stent Implantation
~ to Treat Sirolimus-Eluting Stent and
- Bare-Metal Stent Restenosis

Kensaku Nishihira, MD; Yoshisato Shibata, MD; Tetsunori Ishikawa, MD;
Katsumasa Nomura, MD; Tatsuya Nakama, MD; Daigo Mine, MD; Yohei Inoue, MD; -
Keiichi Ashikaga, MD; Nehiro Kuriyama, MD; Akihiko Matsuyama, MD;
Takuroh Imamura, MD; Yujiro Asada, MD; Kazuo Kitamura, MD

Background: In-stent restenosis (ISR) remains a persistent, unresolved issue even in the era of percutaneous

coronary Intervention (PCI) using drug-eluting stents. The present study compares the clinical and angiographic

outcomes of using sirolimus-eluting stents (SES) for re-intervention against ISR that was originally treated with
* sirolimus-eluting or bare-metal (BMS) stents. ‘

Methods and Results: This prospective single-center registry investigated 179 ISR lesions in 158 consecutive
patients {53 lesions in 49, and 126 in 109 patients originally treated with SES and BMS, respectively), who had
undergone re-intervention with SES. The patients were clinically and angrograph!ca!ly followed up at 8 months
after re-PCl. The incidence of re-restenosis {29 vs 12%, P<0.01), rschemia-driven target lesion revascularization
(TLR; 21 vs 8%, P<0.05) and major adverse cardiac events (MACE; 21 vs 8%, P<0.05) were significantly greater
in ISR’ lesions originally treated with SES than in those originally treated with BMS at 8 months after-re-PCI.
Moreover, late luminal loss was significantly greater in the group with post-SES restenosls (P<0.05). Even after
. adjustment, post~SES restenosis was the only independent predictor of re-res!enosrs and MACE (P<0.05, each)

Conclusions: Although the re-restenosis rate is acceptable, the incidence rates of late restenosis, ischemia-
driven TLR and MACE are higher after repeated SES implaniation to treat SES, than BMS restenosis. These
results might affect the mid-term clinical oulcomes of re-intervention with SES.  (Circ J 2010; 74: 2329-2333)

Key Words: Cardiovascular diseases; Coronary re-Intervention; Ischemia; Revascularization

decreased the incidence of in-stent restenosis (ISR}
and the need for repeated revascularization compared
‘with bare-metal stents (BMS),* DES restenosis still de-
velops and ISR remains an important clinical issue cspecmlly

!. lthougl'r drug-eluling stents (DES) have ysigniﬁcanlly

for patients with highly complex lesions7 The increasing '

use of DES in complex settings coupled with the worldwide
implantation of >10 million DESS implies that DES reste-
‘nosis will become a significant global problem. However, an
optimal treatment for DES restenosis remains unknown, and
some experls propose repeated DES implantation. In con-
trast, several studies have shown the effectiveness of DES in
patients with BMS ISR*S A recenl study suggested different
pathological features between intra-DES and intra-BMS

restenotic tissue.® These 2 types of ISR lesion might have

different biological responses and clinical outcomes affer

. DES implantation. We therefore compared the clinical and

angiographic outcomes of re-intervention with sirolimus-elut-
ing stents (SES; Cypher, Cordis/Johnson & Johnson, Warren,
\IJ USA) for ISR lesions that were originally trested with
SES or BMS.

 Methods

Smdy Patsenls

The study population of this prospectwc smgle-cemer regis-
try comprised 158 consecutive patients (179 lesions) who
underwent re-intervention with SES for ISR between Aug\m
2004 and June 2007. Among them, resteriosis developed in
49 patients with SES (53 lesions) and in 109 with BMS (126
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Patients {n} SES (n= 49) BMS {n=109) P value
Age {vears) 67483 66.6£108 ©0.88
Male gender, 1 (%} 41 (84) 92 {84) >0.99
Previous M1, n {%) 20 (41} 85(60) 004
Pravious CABG, n (%) 1Q) 5(5) 0.75
Risk factor, n (%) : :
per 36(73) 80(73)
8En 42 (31)
6(12) 1907
28(57) 36 (38)

Data are expfessed as mean=SD when appropriate.

SES sirofimus-eluting stent; BMS bare‘metat stent; MI, myocardial mfarchon CABG, coronary anery bypass graft,

arget lesion {n) SES {n=53) BMS (n=126) P value .
Target vessel, nt (%) ; o ‘ 0.32-
Left anterior descending 19 (36) 57 (45) '
Left circumfiex - 13 (24) - 20(16)
Right coronary arlery 2140 4939
In-stent restenosis type, n (%) : <0.01
S e S 36 (68) . 25(20) -
" Non-ocal - ‘
1 ey 65 {52)
W ‘ 29 {23)
1\ 715)
Pre-procedure ‘ . .
ference diameter (mm) 2664054 266:081 - . 087
MLD (mm) 0.58+0.37 0.7420.41 . 0.02
Diameter stenosis (%) , 77.9+13.9 71176 . 0ol
Lesion length {mm) 17282 2128.1- ©<0.01
Post-procedure MLD {mm) ' 2.6620.48 2.79:0.51 018

Data are expresséd as mean=SD when appropriate.

MLD, minimal lurnen diameter. Other abbreviations see in Table 1.

“According 1o the classilication by Mehran et al.?

" Jesions). Patients were eligible for the study if they had ini-
tial ISR in a native coronary artery with objective evidence
of ischemia and without clinical contraindication against
prolonged double antiplatelet therapy. All patients provided
written, informed conseint to participate in the study, and our
institutional ethics committee znppmved the study protocol.
We defined ISR using quantitative coronary angiography
(QCA) as lnminal stenosis of >50% within the stent or within

5mm of the stent edges. The type of restenosis was cate-

‘gorized ‘as focal (length <10mm) and non-focal {diffuse,

proliferative. and occlusive) accordmg to the chssiﬁcmmn'

of Mehran et al?

Procedural anticoagulation therapy mdudcd heparm tar-
geted (o an activated clotting time of 2000 300s. All patients
underwent repeated percuumcous coronary intervention {re-
PCI) with SES according to current guidelines, and the choice
of the implanted PCI devices was left to the operators” discre-

tion. Then, if possible, intravascular ultrasound (TVUS}-guided

re-PCI was performed to rule owt a possible mechanism of
stent failure such as underexpansion and o confirm neo-
intimal growth in ISR lesions. All patients received agpirin
(100 or 200 mg/day) before, and indefinitely after the pro-

cedure. Patients were also concomitantly treated with ticlop-
idine (200 mg/day) or clopidogrel (50 mg/day or 75 mg,/day)‘“
for at least 8 months. The patients were followed up ¢ angio-
graphically at 8 months post re-PCl or earlier if non-invasive
evaluation or clinical prc.scnlat;an xuggceu,d ischemia.”

Guaniiiai:ve Cmonary Angmgraphy

Coronary angiograms were analyzed using a validated edge
detéction system {CMS, MEDIS, Leiden, Thc Netherlands)
by 2 experienced cardiologists (K.N. and T.N.) who were
blinded 1o the clinical classification of the patients. Mini-
mal Tumen diameter (MLD), reference vessel diameter, and
Ydiameter stenosis at baseline, post procedure ‘and at follow
up were measured, Angiographic re-restenosis ‘was- defined
by QCA as stenosis of >50% diameter within a previously
stented segment (within the stent or 3mm of the stent edges)
on 8-month follow-up angiograms. Late luminal loss was
defined as the difference between MLD at the time of the
post stenting procedure and that at follow up.

Clinical Follow up :
Patients were followed up to assess the incidence of major
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