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Introduction

Antihypertensive therapy is essential to reduce the occurrence
of cardiovascular (CV) events and mortality. Many large-
scale studies of various antihypertensive medications, such as
Ca channel blockers (CCBs), angiotensin receptor antago-
nists (ARBs) and diuretics, have shown that reduction of the
blood pressure (BP) is essential to prevent CV events (/—4).
Based on these results, guidelines for the clinical manage-
ment of hypertension such as Japanese Society of Hyperten-
sion Guidelines for the Management of Hypertension (JSH
2004) (5) and the recommendations of the Seventh Report of
the Joint National Committee on Prevention, Detection, Eval-
uation, and Treatment of High Blood Pressure (JNC 7) (6)
have been established and are being used in the daily manage-
ment of hypertension. According to these guidelines, the opti-
mal target BP level for uncomplicated hypertension is defined
as lower than 140/90 mmHg regardless of age, although an
interim level of 150/90 mmHg for elderly patients aged 75 or
older is reccommended for the purpose of careful and gradual
reduction to the optimal target level in the Japanese guide-
lines.

The optimal target BP levels based on the risk factors are
also established in these guidelines, but these levels are
mainly derived from studies performed in Western countries,
which enrolled patients who met the various inclusion and
exclusion criteria. In clinical practice, clinicians prescribe
antihypertensive medications daily for patients with various
background factors, such as age, complications, and history
of CV events that differ from those of the subjects in con-
trolled clinical trials. Therefore, it is very important to assess
the influence of various backgrounds as risk factors on anti-
hypertensive therapy and the risk of future CV events. Several
studies of Japanese hypertensive patients have already been
conducted, but these studies have mainly assessed small
cohorts in specific rural areas. Information from large-scale
studies under daily clinical practice is limited.

The Japan Hypertension Evaluation with Angiotensin IT
Antagonist Losartan Therapy (J-HEALTH) study was initi-
ated in 2000 as a large-scale observational study of losartan
therapy. This study was designed to enroll 30,000 patients
with hypertension throughout Japan, and the subjects were
treated with losartan on an open-label basis mainly at a daily
dose of 50 mg under common clinical management for a max-
imum of 5 years (7). The present study focuses on the relation
between BP control and the incidence of CV events in not
only the overall patient group but also elderly or diabetic
patients of the J-HEALTH cohort.

Methods

Subjects

The eligible patients were hypertensive men or women aged

20 years or older who had not taken any antihypertensive
agents within the previous | month. Patients who had previ-
ously been treated with losartan were excluded. Each patient
was informed of the purpose and methods of the study, as
well as the measures taken for protection of privacy, before
they were enrolled. Patients gave verbal informed consent
and then underwent a complete review of their medical his-
tory, as well as physical examination and laboratory evalua-
tion. The methods were previously reported in detail (7).

Treatment and Monitoring

The patients were initially treated with losartan at a dose of
25-50 mg once daily, which was increased up to 100 mg once
daily if necessary. Addition of other antihypertensive agents
was allowed from 3 months after the start of losartan therapy,
if required. No restrictions were placed on the treatment of
complications.

The clinic BP was measured by the usual method at each
institution. At cach time of measurement, one clinic BP value
was reported at the discretion of the physician. After starting
losartan therapy, the clinic BP value was measured every 3
months for analysis of the clinic BP values during treatment.
Standard laboratory tests were performed every 6 months
with the routine methods used at cach institution. To assess
complications and the medical history, physicians judged the
existence of disease indicated in the registration form at their
discretion,

In addition, the patients who were on drug treatment for
hyperlipidemia or diabetes mellitus and met the definition of
cither discase indicated in the relevant guidelines were
defined as having hyperlipidemia or diabetes. Hyperlipidemia
also included at least one of the dyslipidemic constituents,
such as total cholesterol (TC) 2220 mg/dL, low-density lipo-
protein-cholesterol (LDL-C) =140 mg/dL, high-density lipo-
protein-cholesterol (HDL-C) <40 mg/dL, and triglycerides
(TG) 2150 mg/dL. Diabetes mellitus was defined as a history
of diabetes mellitus, or fasting blood glucose (FBG) >126
mg/dL and/or HbA lc >6.5%.

Evaluation of Endpoints

The primary endpoint of the study was a composite of CV
events including fatal or non-fatal stroke (new occurrence or
recurrence of cerebral hemorrhage, cerebral infarction, or
subarachnoid hemorrhage diagnosed on the basis of typical
clinical symptoms persisting for more than 24 h and/or com-
puterized tomography/magnetic resonance imaging findings),
transient ischemic attack (TIA) defined as a focal neurologi-
cal deficit presumed to be vascular in origin persisting for less
than 24 h, fatal or non-fatal myocardial infarction (MI) (new
occurrence or recurrence) diagnosed on the basis of typical
clinical symptoms, electrocardiogram changes and elevation
of cardiac enzymes, or sudden cardiac death, In addition, the
independent event classification committee reviewed adjudi-
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Table 1. Baseline Characteristics of the Patients
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Total (1=26,512)

Male (n=11,638) Female (n=14,874)

Age (years) 6221120 59.9+12.0 64.0+£11.8
Clinic SBP (mmHg) 165.8+17.1 165.0+£16.8 166.5+17.2
Clinic DBP (mmHg) 94.8%11.5 96.7t11.4 933+11.4
BMI (kg/m’) 24.1435 24333 23.943.7
Alcohol drinking (%) 38.8 68.1 16.0
Smoking habit (%) 25.1 49 9.7
Complications
Hyperlipidemia (%) 383 36.0 40.2
Diabetes mellitus (%) 12.6 15.3 10.5
Hyperuricemia/Gout (%) 10.6 19.8 35
Cardio-/cerebrovascular disease (%) 10.5 10.9 10.2

Data are expressed as mean+SD, SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index. Alcohol drinking:
23 times/week and 2200 mL/time (1 middle-size bottle of beer or 2 glasses of diluted whiskey with water).

cated endpoint events on the basis of all available information
documented in the case report form by the physicians.

Statistical Analysis

For the present analysis, variables were compared using the #-
test, the ¥* test, or analysis of variance (ANOVA). Results
were expressed as the mean+SD, and differences were con-
sidered statistically significant at p<0.05. Analysis of the
overall results was based on survival analysis. Subgroups
were stratified by BP values measured during treatment.
Relationships between the endpoints and BP values or prog-
nostic factors were assessed by using the Cox proportional
hazards model. Statistical analyses were conducted with the
SAS package (Version 8.02; SAS Institute Inc., Cary, USA).

Results

Subjects and Follow-Up

Out of 31,048 paticnts enrolled in the study, 4,536 patients
were excluded because of protocol violations or lack of data,
and thus a total of 26,512 patients were used to investigate the
relationship between BP and stroke or ML The mean follow-
up period was 3.0 years. The clinical characteristics of the
31,048 enrolled patients at baseline have already been
reported (7), and the characteristics of the 26,512 patients
analyzed in the present study are shown in Table 1. The pro-
file of these patients was similar to that of the total group of
all enrolled patients. Their mean age was 62.2+12.0 ycars
and the mean bascline BP was 165.8%17.1/948x11.5
mmHg. Major complications were hyperlipidemia (38.3%)
and diabetes (12.6%). The concomitant antihypertensive
medications have been described elsewhere (§). In brief, 41%
of the subjects were taking two or more antihypertensive
medications. Their BP decreased to 136.9+13.2/79.2+9.6
mmHg after 60 months.
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Table 2. Incidence of Stroke and MT during Treatment

Events No.of events  Incidence

Stroke 307 3.90

Cerebral infarction 205

Transient ischemic attack 19

Cerebral hemorrhage 55

Sut hnoid hemorrhag 20

Unclassified stroke 8
M1 80 1.02
Total 387 492

No. of patients: 26,512, Incidence: events/1,000 patient-years.
M1, myocardial infarction including sudden cardiac death.

Incidence of Stroke and MI, and Risk Factors for
Stroke and M|

During the follow-up period, cercbrovascular events (stroke
or TIA) and M1 occurred in 307 and 80 patients, respectively.
The incidences of stroke or TIA and MI during treatment
were 3.90 and 1.02 per 1,000 patient-years, respectively
(Table 2). The incidence of stroke was 4-fold higher than that
of ML

Next, we identified risk factors contributing to CV events
by using the Cox proportional hazards model. The relative
risk of CV events was highest at an age over 75 years (3.81),
while current smoker status (1.88), CV disease (1.97), diabe-
tes mellitus (1.51), and hyperuricemia (1.37) were also signif-
icant risk factors for the occurrence of CV events (Table 3).

Relationship between BP and CV Events

The relationship between BP during treatment and the inci-
dence of CV events is shown in Fig. 1. The incidence of CV
events increased along with the BP and was significantly
higher when the systolic BP (SBP) was higher than 140
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Table 3. Relative Risk of Stroke and M1 for Baseline Characteristics

No. of patients No. of events RR (95% CI) p value

Male 11,638 194 1.36 (1.07-1.73) 0.013
Age (years)

<65 14,646 121 1.00 (Reference)

65-74 7,690 131 1.93 (1.50-2.49) <0.001

275 4,176 135 3.81 (2.92-4.97) <0.001
Obesity (BMI 225 kg/m?) 7,452 105 1.06 (0.84-1.35) 0.621
Smoking habit 6,666 128 1.88 (1.45-2.45) <0.001
Alcohol drinking 10,295 149 0.85 (0.65-1.12) 0.247
Cardio-/cerebrovascular disease 2,793 97 1.97 (1.55-2.50) =0.001
Hyperlipidemia 10,163 163 1.10 (0.89-1.35) 0.375
Diabetes mellitus 3,345 76 1.51 (1.17-1.94) 0.001
Hyperuricemia 2,812 55 1.37 (1.02-1.84) 0.036
Urinary protein 2 + 1,390 32 1.46 (1.00-2.13) 0.053

RR, relative risk; MI, myocardial infarction including sudden cardiac death; BMI, body mass index; CI, confidence interval. Alcohol
drinking: =3 times/week and =200 mL/time (1 middle-size bottle of beer or 2 glasses of diluted whiskey with water). Adjusted for sex,
age, diabetes mellitus, cerebrovascular disease, cardiovascular disease, smoking habit and alcohol drinking.
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Fig. 1. Relationship between the incidence of cardiovascular events and (A) SBP or (B) DBP level during antihypertensive
treatment. SBP, systolic blood pressure; DBP, diastolic blood pressure; Ml, myocardial infarction including sudden cardiac
death. The results were adjusted for sex, age, diabetes mellitus, cerebrovascular disease, cardiovascular disease, smoking habit
and alcohol drinking. *p<0.05, **p<0.01, ***p<0.001 vs. "reference category.

mmHg and the diastolic BP (DBP) was higher than 85 mmHg
than when BP was lower than 130/75 mmHg. The relation-
ship between MI and BP was not clearly shown because of the
low incidence of MI in the J-HEALTH cohort (Table 2). The
incidence of stroke was strongly correlated with BP, and sim-
ilar results were also observed when stroke was separated into

cerebral hemorrhage and infarction (data not shown).

The relationship between BP and the incidence of CV
events with and without various complications is shown in
Table 4. In diabetic patients, the risk was increased at 130/85
mmHg or higher. In patients with a history of cerebrovascular
or cardiovascular diseases, the incidence of stroke and MI
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Table 4. Relationship between Blood Pressure during Treatment and Incidence of Stroke or M1 in Patients with/without DM or
CvD

Non-DM DM Non-CVD CVD
n  Events Incidence p n  Events Incidence  p n  Events Incidence p n  Events Incidence p

SBP (mmHg)

<130 2898 25 10,0 T Jes 6 18.2 0.189 2,787 20 10.1 t 476 11 222 0.034

130139 8302 79 1.1 0.659 1,099 21 193 0.027 8399 68 10.4 0910 1,002 32 280 <0.001

140-149 7559 99 159 004 1,086 26 253 <0001 7817 97 16.0 0.059 828 28 13 <0.001

150-159 2,923 60 285 <0.001 519 17 405 <0001 3,110 61 20.1 =0.001 332 16 488 <0.001

=160 1,485 48 748 <0.001 276 6 355 0.005 1,606 44 61.1 <0001 155 10 1114 <0001
DBP (mmHg)

<75 4035 T 12.6 ; 768 20 17.7 0173 3955 60 124 t 848 31 23.0 0.005

75-79 4800 63 1.4 0564 735 14 164 0357 4879 59 117 0.76% 656 18 18.7 0.121
BO-84 6387 56 10.1 0231 882 15 187 0163 6,606 55 10.5 0375 663 16 201 0.085
85-50 4230 56 205 0008 49 IS 399 <0001 4359 50 186 0.038 367 21 604 <0001
290 3715 65 492 <0.001 464 12 567 <0001 3920 66 471 <0.001 259 11 79.6 <0.001

Total 23,167 31 16.6 3345 76 249

23,719 290 163 2793 97 317

Incidence: events/1,000 patient-years. MI, myocardial infarction including sudden cardiac death; DM, diabetes mellitus; CVD, cardio-/

N lar di

; SBP, systolic blood pressure; DBP, diastolic blood pressure. Adjusted for sex, age, cerebrovascular disease, car-

dlwa.sculnr discase, srnnhng habit and alcohol drinking in non-DM and DM. Adjusted for sex, age, disbetes mellitus, smoking habit

and alcohol drinking in non-CVD and CVD. "Reference category.

increased significantly at a much lower level of SBP than in
those without a history of these diseases.

BP and CV Events in Elderly Patients

We also analyzed the relationship between BP during treat-
ment and CV events in elderly patients. Patients were divided
into three age groups, which were 275 years (oldest,
n=4,76), 65 to 74 years (older, n=7,690), and <65 years
(middle-aged, n=14,646) according to the age classification
of the JSH guidelines. All CV events occurred in 121 patients
of the middle-aged group, in 131 patients of the older group,
and in 135 patients of the oldest group.

As shown in Fig. 2, the incidence of CV events was
strongly related to BP in all three age groups. Compared with
the DBP, control of the SBP had more influence on the
increase of CV events. Figure 2 also demonstrates that the BP
during treatment was more strongly related with the incidence
of CV events in younger patients than in older patients. In
patients under 65 years old, the incidence of CV events was 9-
fold higher at an SBP >160 mmHg than at an SBP <130
mmHg. In contrast, the incidence was only 4 times higher in
patients over 75 years old in the same comparison. However,
the absolute incidence of CV events was much higher in the
older age groups. The incidences of CV events per 1,000
patient-years during 5 years of follow-up at an SBP of less
than 130 mmHg were 5.8 for the middle-aged (<65 years
old), 14.4 for the older (=65 to <75 years old) and 32.8 for
the oldest group (=75 years old).

A few clinical data in very elderly patients were available;
however, we had 692 patients aged 85 or older in the present
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study. So we analyzed the incidence of CV events in this very
elderly subsct. BP was well-controlled below 140/90 mmHg
in about half of these very clderly Japanese patients with
hypertension, and the incidence of CV cvents was 2-fold
higher in the group with a BP 2140/90 mmHg (96.8 per 1,000
patient-years for 5 years of follow-up) than in those with a BP
<140/90 mmHg (42.4 per 1,000 patient-years for 5 years of
follow-up) (Fig. 3). As shown in Table 5, the baseline charac-
teristics in these two groups were similar except for BP levels.

BP and Mortality

All-cause montality was 5.67/1,000 patient-years (446/
26,512), while cardiovascular morality (death from stroke,
TIA, MI, or cardiac sudden death) was 0.8/1,000 patient-
years (63/26,512). A J-shaped curve was observed between
total mortality and SBP or DBP level. Cardiovascular mortal-
ity increased with an elevation of SBP, but a J-shaped rela-
tionship was observed between DBP and cardiovascular
mortality (Table 6). Neither SBP nor DBP affected cancer
mortality in this study (data not shown). Total mortality in
patients with SBP <130 mmHg was significantly higher than
that in patients with SBP 130-139 (p<0.05) and 140-149
(p<0.05) mmHg. No significant difference in total mortality
was seen among patients with SBP <130, 150-159, and =160
mmHg. Cardiovascular mortality in patients with SBP 2160
mmHg was 6-fold higher (p<0.001) than that in paticnts with
SBP <130 mmHg. Total mortality was significantly lower in
paticnts with DBP 75-79 mmHg (p=<0.01), and significantly
higher in patients with DBP 290 mmHg (»<0.01) than that in
patients with DBP <75 mmHg. A similar patiem was
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Fig. 2. Relationship between the incidence of cardiovascular events and (A) SBP or (B) DBP level during antihypertensive
treatment in 3 different age groups. SBP, systolic blood pressure; DBP, diastolic blood pressure; MI, myocardial infarction
including sudden cardiac death. The results were adjusted for sex, diabetes mellitus, cerebrovascular disease, cardiovascular
disease, smoking habit and alcohol drinking. *p<0.05, **p<0.01, ***p<0.001 vs. "reference category.

observed between cardiovascular mortality and DBP levels.
Most notably, the mean age in patients with DBP <75 mmHg
was approximately 15 years older than that in patients with
DBP 290 mmHg (69.6 vs. 54.7 years old) (Table 6).

Discussion

The J-HEALTH study is a large-scale (30,000 patients)
nationwide multicenter observational study that is providing
valuable epidemiological information about Japanese patients
with hypertension. We have previously reported on the clini-
cal characteristics of the J-HEALTH cohort (7), which is a
relatively young population with mild hypertension and few
complications, Because our cohort was enrolled all over
Japan (data not shown), the subjects are thought to be repre-
sentative of the actual patients treated in daily Japanese clini-
cal practice.

Staessen ef al. performed a meta-analysis and concluded
that lowering of the BP was needed for the prevention of CV
events (4). Therefore, it is important to assess not only the BP
at baseline, but also the mean reduction of BP during observa-
tion. Overall BP control in the J-HEALTH cohort (n=26,512)
has been described in detail elsewhere (8). We summarized
the BP status at baseline and during observation for these
patients in the present study. The baseline BP and the reduc-
tion of BP during losartan-based antihypertensive treatment

-1

were 165.8/94.8 mmHg and 24.4/13.9 mmHg, respectively.
Baseline BP and the reduction of BP during the Losartan
Intervention For Endpoint reduction (LIFE) (2), the Antihy-
pertensive and Lipid-Lowering Treatment to Prevent Heart
Attack Trial (/), and the Controlled Onset Verapamil Inter-
vention of Cardiovascular End Points studies (9) were,
respectively, 174,3/97.9 and 30.2/16.8; 142/84 and 12.3/8.6;
and 150.1/86.8 and 13.6/7.8 mmHg. Compared with these tri-
als, our data suggest that the reduction of BP achieved by cur-
rent clinical management in Japan is comparable with the
results of other randomized controlled trials.

We investigated the incidence of CV events (stroke and
MI). As shown in Table 2, CV events occurred in 387 patients
(4.92/1,000 patient-years). Tanizaki er a/. reported that the
incidence of cerebral infarction was 6.4/1,000 patient-years
for men and 3.4 for women in the Hisayama study (/0). The
incidence of stroke in the J-HEALTH study was similar to
that in the Hisayama study. Regarding MI, its incidence in
patients with hypercholesterolemia was 0.91/1,000 patient-
years in the Japan Lipid Intervention Trial (J-LIT) study (/ /),
and the incidence of MI was similar in the present study.

We also investigated the relative risk of CV events for each
baseline characteristic, The results clearly demonstrated that
well-known risk factors, such as age, smoking, a history of
CV disease, diabetes mellitus, and hyperuricemia, were inde-
pendent contributors to the development of CV events during
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Fig. 3. Incidence of cardiovascular events in patients aged 85 years or older. BP, blood pressure; MI, myocardial infarction
including sudden cardiac death. The results were adjusted for sex, diabetes mellitus, cerebrovascular disease, cardiovascular
disease, smoking habit and alcohol drinking. *p < 0.05 vs, "reference category.

Table 5. Characteristics of Patients Aged 85 Years or Older

Controlled

Poorly controlled

BP <140/90 mmHg (n=310) BP2140/90 mmHg (7=382) P yan
Baseline
Male (%) 28.1 236 0177
Age (years) 87.8+28 87.7+29 0.646
BMI (kg/m?) 21,6436 215432 0.743
Smoking habit (%) 13 84 0.226
Alcohol drinking (%) 12.5 12.1 0.882
SBP (mmHg) 162.9417.0 172.1£17.8 <0.001
DBP (mmHg) 8574122 86.9+12.4 0231
Cardio-/cerebrovascular disease (%) 40.3 233 =0,001
Diabetes mellitus (%) 136 86 0.039
Hyperlipidemia (%) 28.7 278 0.780
During treatment
SBP (mmHg) 131.3+6.8 151.5£103 <0.001
DBP (mmHg) T2.8£6.6 789485 <0.001
Concomitant antihypertensive drugs (%) 429 490 0.113

Data are expressed as mean+SD. BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMIL, body mass
index. Alcohol drinking: >3 times/week and =200 mL/time (| middle-size bottle of beer or 2 glasses of diluted whiskey with water).

daily clinical practice in Japan. We could not demonsirate that
hyperlipidemia was a significant independent risk factor for
CV cvents. Although the J-HEALTH cohort had a high per-
centage of hyperlipidemic patients (38.3%), their mean serum
TC level was not particularly high, possibly because lipid lev-
els in the majority of patients were relatively low. This could

be one of the reasons why we could not detect an influence of
hyperlipidemia on CV events.

Although several interventional studies (/, 2, 9) have
shown that BP control is beneficial for hyperiensive paticnts,
it is also valuable to demonstrate the influence of BP on CV
events in actual clinical practice. The Hisayama study is a
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Table 6. Incidence of Total and Cardiovascular Deaths in Patients Stratified with Blood Pressure during Treatment

All patients

(n=26.512) Total death Cardiovascular death (stroke and MI)
SBP/DBP PP (mmHg) SBPDBP PP (mmHg)
Age ; Age (mmHg) (mean values p (mmHg) (mean values
n (years old) Events Incidence old) (mean vﬂm furing Events Incidence (vears old) (nmv:uu h
treatment ) ) treatment) )
SBFP (mmHg)
<130 3,263 61.9+124 67 454" T77.1+£106 1231724 50.8 6 14 71.3£11.0 126,0076.7 493
130139 9401 62.0+11.8 143 337 737112 135.2777.0 58.2 21 1.8 T1.3£10.7 135.2/78.0 572
140-149 B645 6241119 127 33.1* 7412110 144.4/78.0 66.4 12 12 771485 1457778 679
150-159 3,442 6261124 85 61.0 75.1£123 154.3/81.6 77 14 38* T77.5+123 154.3/823 720
=160 1,761 62.0+£12.4 4 565 7334141 167.9/883 79.6 10 89°** 674+157 167.6/89.7 779
DBP (mmilg)
<75 4803 69.6+105 160 38.1' 789492 136.5/68.9 67.6 23 19" 77.0+89  140.3/69.9 70.4
75-79 5,535 654+11.0 92 26.0°* 7421103 141.0774 63.6 7 07 760496 1438784 654
B0-84 7269 618114 100 311 734+109 141.7/82.2 595 B 09 733131 149.0/83 .4 65.6
85-90 4,726 583%11.0 58 420 720134 146.8/86.9 599 14 35 7394132 147.0/86.9 60.1
2%0 4,179 547+11.1 36 628** 617+122 1548946 60.2 11 65* 625+116 1542948 594

Data are expressed as mean+SD. Incidence: events/1,000 patient-5 years. MI, myocardial infarction including sudden cardiac death;
SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure. Adjusted for sex, age, diabetes mellitus, cerebrovascular
disease, cardiovascular disease, smoking habit and alcohol drinking. *p<0.05, **p<0.01, ***p<0.001 vs. 'reference category.

long-term observational study of Japanese patients. It has
demonstrated that a SBP > 140 mmHg lcads to a higher mor-
tality rate compared with a BP <140 mmHg (/2). Figure 1
indicates that there was a clear relation between BP during
treatment and CV events, especially stroke, suggesting that
the BP level should be less than 140/85 mmHg in Japanese
with hypertension treated clinically. The lack of any associa-
tion between BP and the incidence of MI may have been
related to the low incidence of MI in our present population.

The target BP was examined in hypertensive patients with
diabetes in the Hypertension Optimal Treatment study. The
risk of CV events was significantly lower in patients with
DBP <80 mmHg than in those with <85 mmHg or <90
mmHg (/3). It was recently reported for Japanese patients
that the risk of CV events was significantly decreased at BP
<130/80 mmHg in hypertensive patients with diabetes in the
J-LIT sub-analysis (/4). As previously reported, the risk of
CV events was lower at BP <130/85 mmHg in hypertensive
patients with diabetes in the J-JHEALTH cohort. These find-
ings from J-HEALTH data support the JSH 2004 (5), the INC
7 (6), the American Diabetes Association (/5) and the Euro-
pean Society of Hypertension/European Society of Cardio-
vascular (ESH/ESC) (/6) guidelines for treatment of
hypertension accompanied with diabetes mellitus, which rec-
ommended that the target SBP/DBP be lower than 130/80
mmHg.

In the stratified analysis by age, the incidence of CV events
in younger patients was more strongly influenced by BP ele-
vation than that in elderly patients (Fig. 2). The Prospective

Studies Collaboration has published a meta-analysis of indi-
vidual data on BP and mortality for one million adults taken
from 61 prospective observational studies (/7). Although
they analyzed mortality, BP was linearly related to vascular
mortality without any evidence of a threshold. The American
Heart Association Stroke Council has also stated that the con-
tribution of BP to ischemic stroke decreases with age (/8).
Although the reduction of relative risk by lowering BP was
smaller in clderly patients than in younger patients in the
present study, BP control remains very important for older
patients because absolute incidence of CV events is much
higher in the older age groups. Ferrucci er al. demonstrated
the importance of treating isolated systolic hypertension in
older patients with a high-risk profile in the Systolic Hyper-
tension in the Elderly Program (SHEP) study, with the num-
ber of patients who need to be treated to prevent one CV event
becoming progressively smaller for each higher CV risk quar-
tile (/9). Like the present study, other large-scale clinical tri-
als have demonstrated the benefit of antihypertensive therapy
in elderly patients (20-23). In addition, clinical guidelines for
management of hypertension such as the INC 7 (6) and ESH/
ESC (/6) state that the target BP should be below 140/90
mmHg regardless of age. However, there is little compelling
evidence on which to basc an optimal target BP for elderly
persons (24). Detailed analysis of the Hisayama study has
demonstrated that the incidence of vascular events increases
with rising BP in each risk stratum among younger elderly
subjects, but a similar relationship was not observed among
the older elderly subjects (25). In the SHEP sub-analysis,
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reduction of BP to lower than 140 mmHg increased events in
elderly hypertensive patients whose BP at entry was higher
than 160 mmHg (26).

It is still controversial whether BP control for very elderly
patients is beneficial as indicated for middle-aged patients.
Interestingly, BP was controlled below 140/90 mmHg in
about half of our very elderly Japanese hypertensive patients
(aged =85 years), and they had a low incidence of CV events
even after adjustment for other risk factors such as diabetes
and a history of cardio-/cerebrovascular discase. However,
the bascline SBP was 10 mmHg lower in the BP-controlled
group than in the BP-uncontrolled group. This difference of
baseline BP may account in part for the difference in the inci-
dence of CV events. The Hypertension in the Very Elderly
Trial is ongoing as a prospective randomized open blinded
end-points investigation of elderly (>80 years old) hyperten-
sive patients with a target BP <150/80 mmHg (27). Prelimi-
nary results have demonstrated a reduction of stroke cvents
and stroke mortality (25). In Japan, some intervention trials,
such as the Japan Trial to Assess Optimal Systolic Blood
Pressure in Elderly Hypertensive Patients and the Valsartan in
Elderly Isolated Systolic Hypertension study, have been con-
ducted to assess optimal BP for the Japanese clderly patients
with hypertcnsion, and these results are expected to provide
further information for the management of elderly patients
with hypertension (29, 30). It will be necessary to investigate
and discuss such findings from those interventional studies
further before sctting an optimal treatment for hypertension in
elderly patients.

A J-shaped curve was observed between total mortality and
SBP or DBP level in the J-HEALTH study. Death from stroke
and MI increased with an elevation of SBP, but a J-shaped
relationship was observed between DBP and cardiovascular
mortality. Neither SBP nor DBP affected cancer mortality in
this study. Boutitie er al. reported a J-shaped relationship
between risk for death and SBP or DBP in their meta-analysis
of seven randomized clinical trials (3/). They concluded that
the increased risk for death observed in patients with low BP
was not related to antihypertensive treatment and was not spe-
cific to BP-related events. They speculated that the J-shaped
curve was probably attributable to poor health conditions that
led to low BP and an increased risk for death, and we tend to
agree with this assessment. In addition, the mean age was
higher in the group of patients with DBP <75 mmHg com-
pared to those with DBP =75 mmHg in the present study.
Elderly patients were frequently associated with low DBP and
poor health conditions, probably resulting in an increased risk
for death, although mortality was adjusted for age. We should
note that one important limitation of this study was that it was
not an intervention trial, so it was difficult to set an optimal
BP level

In summary, we demonstrated that classical risk factors,
such as male gender, aging, diabetes mellitus, a history of car-
dio-/cerebrovascular disease, and smoking, are independent
risk factors for future vascular events in daily clinical practice
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in Japan. After adjustment for these factors, there was a clear
relation between BP control and CV events. The incidence of
CV events was significantly increased in patients with BP
=>140/85 mmHg and in diabetic patients with BP 2130/85
mmHg during treatment, suggesting the validity of adopting
current clinical guidelines for Japanese hypertensive patients.
Furthermore, about half of our very elderly patients with
hypertension had a BP below 140/90 mmHg on losartan-
based treatment, and these well-controlled very elderly
patients had significantly fewer CV cvents than uncontrolled
patients. In conclusion, there was a clear impact of BP during
treatment on CV events in our Japancse hypertensive patients.
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Abstract

Background and Purpose: Echogenicity of carotid plaque
well reflects the risk of ischemic stroke and may be predic-
tive of the histologic content of the plaque. However, objec-
tive evaluation of plaque echogenicity has been hampered
by a lack of established quantitative measures. This study
examined the relation between echogenicity assessed by in-
tegrated backscatter (IBS) analysis and (1) symptomatic his-
tory and (2) histologic features of carotid plaques. Methods:
We used acoustic densitometry to quantify by IBS analysis
the echogenicity of 31 carotid plaques of 26 patients under-

going carotid endarterectomy or stenting. IBS was subse-
quently compared with histologic findings of the respective
tissue in 10 patients who underwent endarterectomy. The
IBS value was calibrated with 2 reference structures (vessel
lumen and adventitia) as the IBS index, Results: The IBS in-
dex of symptomatic plaques was lower than that of asymp-
tomatic plaques (23.1 = 12,5 vs. 36.5 = 18.2, p<0.05). The
IBS index in fatty/necrotic atheromatous sites (n = 20, 166 =
10.7) was lower than that in fibrous (n = 26,424 £ 136,p<
0.01) or calcified (n = 11, 87.7 = 174, p < 0.01) sites and the
same as that in intraplaque hemorrhagic sites (n = 50, 23.6
+ 16.9). Conclusions: Carotid plaque echogenicity, as quan-
titatively assessed by IBS analysis, correlates well with the
presence or absence of prior symptoms and histologic con-
tents of the plaques. IBS analysis may aid in the assessment
of carotid plaque-related risk of stroke.
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Introduction

Carotid atherosclerosis with echolucent plaque is
closely related to the occurrence of cerebral infarction [1,
2]. Therefore, determining not only the severity of ca-
rotid stenosis but also the features of the plaque by means
of high-resolution ultrasound is important for the strati-
fication of high-risk patients with incident stroke [3, 4].
Several classifications of plaque morphology used thus
far are subjective and qualitative [5-10]. Recently, two
standardized and quantitative methods for the assess-
ment of plaque echogenicity have been introduced: gray-
scale median [11-13] and integrated backscatter (IBS)
analyses [14~16]. The measurement of IBS is based on the
analysis of unprocessed radiofrequency signals to derive
quantitative ultrasonic indexes. Several studies have ex-
amined IBS and histologic features of carotid plaque [14-
18]. Takiuchi et al. [14] reported a low IBS value in ath-
eromatous lesions in freshly excised human aorta. Both
Urbani et al. [15] and Waki et al. [16] also reported low
IBS values in lipid and hemorrhagic lesions in carotid
specimens obtained from symptomatic patients who un-
derwent carotid endarterectomy. On the basis of these
findings, several laboratories have investigated the rela-
tion of risk factors to carotid plaque echogenicity with the
use of IBS [19, 20]. We defined the IBS index of the ca-
rotid plaque by normalizing it with the 2 reference points
(blood and adventitia) and found an association between
the serum interleukin-6 level and the IBS index [21]. Al-
though clinical and histologic characteristics have been
studied extensively in terms of carotid plaque echogenici-
ty with gray-scale median analysis [22-24], few reported
studies have examined the clinical and histologic value of
IBS analysis. To strengthen the clinical value of the IBS
index, we attempted to clarify the association of the IBS
index with clinical symptoms in patients with severe ca-
rotid stenosis and with histologic findings in both symp-
tomatic and asymptomatic patients who underwent ca-
rotid endarterectomy.

Subjects and Methods

Subjects

Between March 2000 and January 2001, 31 carotid plaques from
26 patients, all of whom were admitted to our institution for ca-
rotid endarterectomy or carotid stenting, were studied. Twelve
plagues caused no ipsilateral symptoms, and 19 caused symptoms
including ischemic stroke, transient ischemic attack, and amauro-
sis fugax. Five patients had ipsilateral symptomatic plaques and
contralateral asymptomatic plaques. Preoperative angiography

Quantitative Evaluation of Carotid
Plaaue Fchogenicity hv 1BS Analvsis

was routinely performed in all cases to determine the surgical in-
dication. The degree of internal carotid artery stenosis was as-
sessed by conventional arteriography according to NASCET crite-
ria [25]. The indication for carotid endarterectomy or stenting was
internal carotid artery stenosis of >70% or 50-69% with repeated
ischemic cerebrovascular events or severe ulcerative atheroma. Of
the 26 patients, 22 were men and 4 were women. Mean age + SD
was69.1 £ 6.2 years (range, 55-78 years). Information obtained for
each patient included age, sex, referring diagnosis, smoking status,
current medical therapy, and history of hypertension, diabetes
mellitus, hyperlipidemia, or ischemic heart disease. The overall av-
erage degree of internal carotid artery stenosis determined angio-
graphically was 83.5 = 14.5% (range, 50-99%). Seventeen patients
underwent carotid endarterectomy and 14 patients underwent ca-
rotid stenting. We obtained informed consent from all patients.

Carotid Ultrasonography

Conventional carotid duplex ultrasonography was performed
before carotid endarterectomy or stenting. All ultrasound scans
and subsequent analyses were performed with a Phillips SONOS
5500 system equipped with a 7.5-MHz linear-array transducer.
Initially, the common and internal carotid arteries were scanned
cross-sectionally and longitudinally by B-mode methods through
which the largest plaque was identified for evaluation of plaque
echogenicity. The corresponding colored image was also digi-
tized, an essential requirement for outlining echolucent plaques,
with their hypoechoic component adjacent to the lumen of the
vessel. Subsequently, with the use of acoustic densitometry, 20
longitudinal IBS images per the largest plaque were acquired into
cine-loop memory and stored on optical disks. The acoustic den-
sitometry system is capable of providing 2-dimensional IBS im-
ages in which the gray level is displayed proportionally to the in-
tegrated backscattered power. The IBS values were obtained from
the plaque (pl), vessel lumen (Im), and adventitia (ad) at the same
depth of the plaque. Because reproducibility of carotid plaque
echogenicity was better when 2 reference structures (Im and ad)
were used compared to 1, we defined the IBS index as: (pl - Im)/
(ad - Im) x 100. Accordingly, a low IBS index corresponds to low
echogenicity. For all plaques in the study, the region of interest
was placed in the whole plaque (fig. 1). For comparison with his-
tologic findings in 10 plaque specimens for which a good-quality
ultrasonic study was completed, transverse IBS images were ac-
quired at intervals of 5 mm from the carotid bifurcation to the
internal carotid artery, corresponding to the sites in the histo-
logic specimens (fig. 2, 3). A region of interest of 11 x 11 pixels
was placed in the plaque. A total of 107 discrete regions in 10
plaques were examined and analyzed.

We have previously assessed intraobserver and interobserver
reproducibility of variation for IBS index measurements with ac-

ceptable results (8.9 and 9.2%, respectively).

MRI Study

Diffusion-weighted MRI (DWI) was performed before the
surgical or endovascular procedure to detect recent ischemic le-
sions in all patients. The overall mean interval between the MRI
and ultrasonography was 8.0 £ 7.9 days (range, 1-35 days). Twen-
ty-three of all patients underwent MRI within 14 days before ul-
trasonography. Twenty-eight carotid plaques from 23 patients
were evaluated by DW1I to involve new infarcts that were related
to the ipsilateral carotid stenosis.

Cerebrovasc Dis 2008;26:578-583 579
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Fig. 1. IBS analysis of carotid plaques. Using acoustic densitom-
etry, IBS values are obtained from the whole plaque (pl), vessel
lumen (Im), and adventitia (ad) at the same depth, where the IBS

index is defined as: (pl - Im)/(ad - Im) x 100

Fig. 3. Histologic findings in the carotid specimens. Left = IBS
image of carotid stenosis and IBS indexes corresponding to the
plaque specimens; middle = endarterectomy specimen pathology;
right = high-power photomicrographs of the plaque specimen
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Intraplaque
hemorrhage

Fig. 2. IBS analysis of carotid plaques for comparison with histo-
logic findings. Note the location of the region of interest (1.1 X
1.1 ].u.\cl} in the area of the pl.‘u]uv Using acoustic densitometry,
IBS values are obtained from the plaque (pl), vessel lumen (Im),
and adventitia (ad), where the IBS index is defined as: (pl - Im})/
(ad - 1m) x 100

Necrotic |
atheroma et 8

with recent intraplaque hemorrhage (top) and necrotic atheroma
(bottom; hematoxylin and eosin stain; original magnification
x 15). IBS index is 4.6 in the intraplaque hemorrhage site and 11.1
in the necrotic atheroma site.
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Table 1. Baseline characteristics of subjects

Symptomatic Asymptomatic p value

Number 19 7 -

Age (mean * SD), years 68.5*6.9 69.6 5.1 0.79
Male, % 79 100 0.55
Hypertension, % 68 71 0.99
Diabetes mellitus, % 21 14 0.99
Hyperlipidemia, % 53 71 0.66
History of CVD, % 31 29 0.99
Smokers, % 79 86 0.99
Statin use, % 26 29 0.99
Aspirin use, % 47 71 0.39
Stenosis severity, % 87.1%13.7 803x12.0 0.10

Age and stenosis severity are compared using the Mann-Whit-
ney U test. The percentage of males, hypertension, diabetes mel-
litus, hyperlipidemia, history of CVD, smokers, statin use and
aspirin use are compared using Fisher's exact test between the
symptomatic and asymptomatic plaques. CVD = Cardiovascular
disease.

Histological Analysis

Samples of the 10 plaque specimens were fixed in 10% forma-
lin. They were embedded in paraffin, and 5-pum sections of each
sample were studied histologically with hematoxylin and eosin
and Masson's trichrome stains. The microscopic sections were an-
alyzed by an experienced pathologist blinded to the echographic
results. Each plaque sample was evaluated and classified into 1 of
4 categories: (1) intraplaque hemorrhage (fig. 3), i.e., leakage of
erythrocytes inside the plaque without fibrin mesh; (2) fibrous tis-
sue, i.e., presence of fibrous tissue, collagen bundles, and smooth
muscle cells; (3) atheromatous tissue specimen (fig. 3), i.e., a ne-
crotic core or accumulation of lipid, and (4) calcified tissue,

Statistical Analysis

Values are shown as mean + SD. Differences between the
symptomatic and asymptomatic groups were assessed using the
Mann-Whitney U test for continuous variables and Fisher's exact
test for categorical variables. Differences in the frequency of
DWI-positive lesions between the =30 IBS index group and the
>30 IBS index group were analyzed by Fisher's exact test. Be-
tween-group differences in the IBS index values were subjected to
ANOVA with Scheffé's multiple comparison test.

All analyses were performed with StatView software. A prob-
ability value of <0.05 was considered significant.

Results

Clinical characteristics of the study patients are shown
in table 1. There were no significant differences in age,
sex, risk factors for stroke, history of ischemic heart dis-
ease, therapeutic variables, and degree of carotid stenosis
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Fig. 4. The IBS index of symptomatic and asymptomatic carotid
plaques. The IBS index of symptomatic plaques is lower than that
of asymptomatic plaques (23.1 * 12.5vs. 36.5 * 18.2).

between patients. The IBS index of symptomatic plaques
was lower than that of asymptomatic plaques (23.1 *
12.5vs.36.5 * 18.2, p < 0.05), whereas the degree of ste-
nosis was the same irrespective of the presence of symp-
toms (fig. 4). Among 16 symptomatic plaques, 5 plaques
(31.3%) were shown by DWI to involve recent infarcts
that were related to the ipsilateral carotid stenosis, where-
as 2 plaques (16.7%) among 12 asymptomatic plaques
were shown to involve recent infarcts. All infarcts shown
by DWI were localized in the carotid artery territory and
the type of infarcts was atheroembolism. Among the 5
symptomatic plaques with new lesions, 4 plaques showed
a low IBS index (=30) and 1 plaque a high IBS index
(>30). Among the 2 asymptomatic plaques with new le-
sions, all of them showed a low IBS index of 10.6 and 20.7.
In the subgroup in which the IBS index was <30, 6 of 16
(37.5%) plaques were shown by DWI to involve new in-
farcts, whereas in the subgroup in which the IBS index
was >30, only 1 of 12 (8%) plaques was shown to involve
new infarcts. The =30 IBS index group tended to show a
greater incidence of new lesions than the >30 IBS index
group (p = 0.077). A comparison of the IBS index values
for plaques with different microscopic characteristics is
shown in figure 5. The IBS index value in fatty/necrotic
atheromatous sites (16.6 * 10.7, n = 20) was lower than
that in fibrous (42.4 * 13.6, n = 26, p < 0.01) or calcified
(87.7 £ 17.4, n = 11, p < 0.01) sites and the same as that
in intraplaque hemorrhagic sites (23.6 % 16.9, n = 50).
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Fig. 5. Comparison of the IBS index with histologic features of
carotid plaques. The IBS index in fatty/necrotic atheromatous
sites was lower than that in fibrous or calcified sites and the same
as that in intraplaque hemorrhagic sites. AT = Atheroma; ITH =
intraplaque hemorrhage; Calc = calcified; Fib = fibrous. * p<0.05
vs. all other groups, ® p < 0.05 vs. AT and IH.

Discussion

In this study, we showed that a low IBS index was as-
sociated with a history of ischemic stroke and lipid and
hemorrhagic lesions within the plaque. These findings
are in good agreement with previously reported findings
based on IBS [14-18] and gray-scale median analyses [11-
13, 22-24), suggesting the clinical value of the IBS index
for determining plaque vulnerability. Furthermore, us-
ing DWI, we observed that carotid plaque with a low IBS
index tended to be associated with new ischemic lesions.
The present findings support the use of the IBS index to
discover factors related to plaque vulnerability. In our fol-
low-up study for carotid atherosclerosis [26], Yamagami
et al. [21] confirmed the association between a low 1BS
index and risk factors such as smoking and dyslipidemia
and showed that increased blood IL-6 levels are related to
a low IBS index, pointing to the role of inflammation in
plaque vulnerability. The IBS index analysis may allow
examination of the involvement of genetic factors and
gene polymorphism in plaque instability; such involve-
ment has rarely been examined but is undoubtedly im-
portant. Furthermore, the present results may support
the use of the IBS index as a surrogate marker of plaque
instability in longitudinal interventional studies. Wata-

582 Cerebrovasc Dis 2008;26:578-583

nabe et al. [20] report on the effect of 1-year treatmen
with pravastatin on plaque echogenicity, suggesting sta
bilization of carotid atheroma by statin treatment. The
anti-atherogenic effect of other statins, renin-angioten:
sin system inhibitors and insulin-sensitizing drugs coulc
be examined clinically by the use of the IBS index. Inter-
pretation of our findings is limited. First, it remains un:
clear how the IBS index is best assessed for heterogeneou:
mixed plaque. Waki et al. [16] showed that the IBS valu
measured at the interface of the plaque reflects the thick
ness of the fibrous cap. Further studies are needed to clar-
ify the significance of regional IBS indexes within :
plaque. Second, the IBS index did not differ between ath.
eroma and intraplaque hemorrhage. All previous studie:
with carotid ultrasonography, whether qualitative, gray-
scale median, or IBS analyses, showed the same result [7
8, 14, 15, 27]. So far, we have been unable to overcome thit
problem. Fortunately, both atheroma and intraplaque
hemorrhage are signs of unstable plaque; therefore, thi:
problem may not hamper the use of IBS for evaluating
plaque instability. Third, the IBS index of symptomatic
plaques was lower than that of asymptomatic plaques, bu
there is an overlap of the individual IBS index in symp-
tomatic and asymptomatic plaques. This means that it it
difficult to discriminate between stable symptomatic
plaques which have healed or evolved since the time o
neurologic symptoms, and unstable asymptomatic
plaques with asymptomatic new lesions in DWT. Fourth
IBS can be measured only with certain ultrasonic device:
[14, 16-20]. Comparison of the clinical and histologic sig:
nificance of IBS and gray-scale median analysis will clar
ify whether IBS is better and more valuable than gray-
scale median analysis to assess plaque echogenicity.

In conclusion, we showed that the IBS index is closely
associated with clinical symptoms and histologic feature:
in patients with severe carotid stenosis. Future longitudi:
nal studies are needed to clarify the association of the IBS
index in carotid plaque with incident cardiovascula)
events and plaque progression.
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Abstract

Background: Despite the lack of supporting evidence, un-
fractionated heparin (UFH) is frequently given to acute isch-
emic stroke patients. This study was designed to determine
the incidence of heparin-induced thrombocytopenia (HIT)
during acute stroke and to elucidate the clinical features of
stroke patients with HIT. Methods: Of 1,078 consecutive pa-
tients with acute ischemic stroke, 392 were given intrave-
nous UFH. Ten of these developed prominent thrombocyto-
penia without any other underlying etiology; they were
suspected of having HIT. These 10 patients were studied ret-
rospectively. The clinical diagnosis of HIT was made accord-
ing to two published scoring systems. Antiplatelet factor 4/
heparin antibodies in the plasma were detected by the en-
zyme-linked immunosorbent assay (ELISA) and were con-
firmed by the '*C-serotonin release assay. Results: Eight
patients met the criteria for clinical HIT according to both
scoring systems. Of these, serological tests were positive in
2 patients only on ELISA and in 2 patients on both assays. The
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amount of UFH given was greater in the 4 patients with pos-
itive serological findings than in the others (p = 0.043). Three
patients developed further thromboembolic events, includ-
ing 1 patient who developed possible cancer-associated
thrombaosis. Two patients were dead and the remaining 6
patients were dependent at the time of hospital discharge.
The clinical severity and outcome of these patients were rel-
atively unfavorable compared to other acute patients. Con-
clusions: The prevalence of HIT was 0.5% based on both the
clinical scoring systems and serological assays. Monitoring
for HIT should be included in the medical management of
stroke to avoid further complications.

Copyright © 2008 5. Karger AG, Basel

Introduction

Heparin-induced thrombocytopenia (HIT) is caused
by platelet-activating IgG antibodies that recognize plate-
let factor 4 bound to heparin (anti-PF4/heparin Abs) [1].
It is characterized by thrombocytopenia with an in-
creased risk of thrombosis. Prospective trials have indi-
cated that between 0.3 and 5% of patients treated with
unfractionated heparin (UFH) developed HIT, depend-
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ing on the clinical setting [2-5]. Thrombotic complica-
tions (HIT thrombosis syndrome) are frequently associ-
ated with HIT, occurring in approximately one third to
one half of HIT patients [1].

Some guidelines do not recommend prescribing hepa-
rin in acute stroke, and some recommend it mainly for
reducing deep vein thrombosis (DVT) and pulmonary
embolism (PE) [6-8]. At the National Cardiovascular
Center (Osaka, Japan), in addition to being administered
to prevent DVT and PE during the acute phase of stroke,
UFH is given to: acute stroke patients having embolo-
genic heart diseases or superimposed thrombi on the ca-
rotid plaque to prevent embolic complications; patients
with particular stroke etiologies, including cerebral arte-
rial dissection and vasculitis, and patients with embolic
stroke of unknown origin until the presence of heart dis-
eases is excluded using prolonged electrocardiography
and transesophageal echocardiography [9]. A previous
study of 137 stroke patients treated with UFH reported
that 21 patients (15.3%) developed thrombocytopenia,
and 5 of these 21 patients had a recurrent ischemic stroke
[10]. In another study, of 18 patients who developed ca-
rotid arterial occlusion following endarterectomy, 6
(33%) had an associated heparin-induced coagulation
disorder [11]. A recent study of 200 neurological patients
treated with UFH for at least 5 days, including 102 pa-
tients with cerebrovascular disorders, demonstrated that
41 patients (20.5%) had anti-PF4/heparin Abs and 5
(2.5%) developed HIT, when an enzyme-linked immuno-
sorbent assay (ELISA) was used [12]. However, in other
studies based on more stroke patients, no one developed
thrombocytopenia during treatment with UFH [13, 14].
The incidence of HIT during acute stroke in the Asian
population has not been determined.

In our center, HIT has been recognized as a serious
complication of cerebrovascular and cardiovascular dis-
eases for the last several years [15]. Patients who develop
thrombocytopenia or thromboembolic events without
another underlying etiology during or after UFH therapy
are assessed for anti-PF4/heparin Abs using ELISA; if
these patients are strongly suspected of having HIT, they
are primarily treated with argatroban, a direct thrombin
inhibitor. The goal of the present study was to evaluate
the incidence and clinical features of HIT patients in a
stroke center during and after UFH treatment for acute
ischemic stroke. The diagnosis of HIT was made using
two clinical scoring systems and two serological tests
[ELISA and the "C-serotonin release assay (SRA)]. In
particular, SRA has been recognized to have high sensi-
tivity and specificity for the diagnostic of HIT.

642 Cerebrovasc Dis 2008;26:641-649

Methods

Between July 2003 and May 2006, 1,078 patients were admit
ted to the stroke care unit of the National Cardiovascular Cente
within 7 days after the onset of acute ischemic stroke; 392 of thes
patients were given UFH during the acute stage. UFH was prin
cipally given as a continuous intravenous injection at a rate k
maintain an activated partial thromboplastin time 1.5-2.0 time
the control values. The data of patients who developed prominen
thrombocytopenia (defined as a minimum platelet coun
<100,000/p) or <60% of the baseline count) within 40 days afte:
the initiation of UFH therapy without any other underlying etiol
ogy (such as drug reactions other than heparin and severe infec
tions) were retrospectively analyzed,

The clinical diagnosis of HIT was made according to two scor-
ing systems. The first system, the ‘4T’ [16], is composed of fows
clinical features that are given scores of 0, 1, or 2 for each feature
acute thrombocytopenia; thrombosis or other sequelae; timing o1
platelet count fall or sequelae, and other cause of thrombocytope-
nia not evident. Based on the test score, the estimated pretesi
probabilities of HIT are: low risk (0-3), intermediate risk (4-5), o
high risk (6-8). The second system proposed by Pouplard et al.
[17] assesses the course of the platelet count (-2, -1, 0, or 2), throm-
botic complications including brain infarction (1, 2, or 4), throm-
bocytopenia after rechallenge with heparin (if done, -1, 0, or 6),
and other causes of thrombocytopenia (-2, 0, or 2); based on their
total score, patients are categorized into 4 clinical groups: definite
(=6), probable (3-5), possible (1-2), and unlikely HIT (< 0). In the
present study, patients who had a high or intermediate score in
the first system (4Ts) and a definite, probable, or possible score in
the second system were diagnosed as having clinical HIT. In a
previous study, patients with a low score according to 4Ts were
unlikely to test positive for platelet-activating HIT antibodies in-
cluding SRA [18]. In another one, patients with ‘unlikely HIT" ac-
cording to the system by Pouplard et al. [19] were unlikely to test
positive for platelet aggregation test or SRA. Thus, for patients
having clinical HIT, those who met either low score in 4Ts or un-
likely HIT in the second system were thought to be ineligible.

Inaddition, all patients had serological tests for anti-PF4/hep-
arin Abs detected by ELISA (Asserachrom HPIA, Diagnostica
Stago, Asniéres, France) just after their attending physician sus-
pected that they had HIT. ELISA was done according to the man-
ufacturer’s instructions. The titers of the samples were expressed
as values of optical density. The result was considered as positive
when the titer was greater than the cutoff value, which was deter-
mined using the reference control given for each kit. SRA was
done to confirm the diagnosis of HIT retrospectively and was
performed as described elsewhere at the Loyola University Medi-
cal Center (Maywood, I1l., USA) [20]. For each sample, SRA was
done using washed platelets from at least 2 donors, known to be
reactive in the assay. Positive samples gave =20% release of '*C-
serotonin in response to 0.1 U/ml heparin (final concentration),
with inhibition of that response in the presence of 100 U/ml hep-
arin (final concentration), ELISA and SRA were done by different
examiners who were blinded to the clinical information and re-
sults of each other assay.

Based on the laboratory results, patients were categorized into
three groups as follows: (1) definite HIT (positive results in both
ELISA and SRAY); (2) suspected HIT (positive result in ELISA, but
negative in SRA), and (3) clinically suspected HIT (clinical HIT

Kawano et al,
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Table 1. Diagnosis of clinical and serological HIT

Pa- Final diagnosis First system (47Ts) Second system (by Pouplard et al.) ELISA SRA
ge:t 1" 2 3° 4° score assessment 1° 2° 3° 4" score assessment {dmﬂ ity)!
1 definite HIT 1 2 0 2 5 intermediate 2 0 - 2 4 probable pos. (0.675) pos.
2 definite HIT 1 2 0 2 5 intermediate - - - 2 .2 possible pos. (0.777)  pos.
3 suspected HIT 2 1 1 1 5 intermediate 2 2 6 -2 8 definite pos. (0.760) neg.
4 suspectedHIT 2 1 0 1 4 intermediate 2 0 6 0 8  definite pos. (0.918) neg.
5 clinically
suspected HIT 2 2 1 2 7 high 0 2 0 2 4 probable neg. (0.177) neg.
6  clinically
suspected HIT 2 0 0 2 4 intermediate 2 - - 2 4 probable neg (0.173) neg.
7 clinicall
~ suspected HIT 1 2. 0 2 5 intermediate 3 0 - 1 4 probable neg. (0.132) neg.
8 clinicall
_ suspectedHIT 2 0 1 2 5 intermediate -1 2 -1 2 2 possible neg. (0.141) neg.
9 notHIT ; ik ey T T intermediate -2 2 - -2 -2 unlikely neg. (0.085) neg.
10 not HIT P S U - low 2 0 0 -2 -4 unlikely neg. (0.111) neg.

First system (4Ts): 1° = Acute thrombocytopenia; 2° = timing of platelet count fall, thrombosis, or other sequelae; 3° = thrombosis
or other sequelae; 4° = other cause of thrombocytopenia not evident. Second system (by Pouplard et al.): 1° = Course of platelet count;

2° = thrombotic complication; 3° = thrombocytopenia after rechallenge of heparin; 4° =

Positive; neg. = negative.
! Cutoff value ranges between 0.473 and 0.560.

other causes of thrombocytopenia. pos. =

according to the scoring systems with negative results in both
ELISA and SRA).

The following patient characteristics were obtained from the
patients” medical records: age, gender, platelet counts, vascular
risk factors such as hypertension, diabetes mellitus, hyperlipid-
emia, current and past smoking habit, and drinking habit (includ-
ing occasional drinking). Other risk factors for stroke, such as
embologenic heart diseases including atrial fibrillation, were as-
sessed based on the criteria of the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) study [21]. Based on the neurological,
radiological, cardiological, and hematological profiles, the stroke
subtype was determined according to the TOAST subtype clas-
sification system by a consensus of stroke neurologists [21]. The
neurological severity of each patient was assessed by an experi-
enced stroke neurologist according to the National Institutes of
Health Stroke Scale (NIHSS) score on admission; at discharge,
activity of daily living was assessed using the modified Rankin
scale (mRS).

The duration and dose of UFH, the change in platelet count,
and alternative anticoagulant therapy for HIT (if done) were also
assessed. The NIHSS and mRS scores were compared between
stroke patients treated with UFH who had and those who did not
have HIT. The variables between the groups were compared using
the Mann-Whitney U test.

Heparin-Induced Thrombocytopenia in
Acute Stroke

Results

During the study period, 10 stroke patients were sus-
pected of having developed HIT since they had thrombo-
cytopenia without any underlying etiology other than
heparin exposure. Of these patients, 1 had a high score
and 8 had intermediate scores on the first scoring system
(4Ts); using the second scoring system, 2 met the criteria
of definite, 4 of probable, and 2 of possible HIT (table 1).
In particular, 2 patients had a high score using the second
scoring system because they developed repeated throm-
bocytopenia after UFH rechallenge during the chronic
stage of stroke. One patient (No. 3) was given small
amounts of UFH flushes after the initial thrombocyto-
penic event to maintain intravenous catheter patency;
anti-PF4/heparin Abs were negative by ELISA at the time
of the initial thrombocytopenic event, but became posi-
tive at the time of the second event. The other patient (No.
4) was given UFH again to prevent embolic events sec-
ondary to atrial fibrillation because the therapeutic range
of the prothrombin time could not be maintained with
warfarin; in this patient, HIT was suspected and anti-
PF4/heparin Abs were assessed after the second throm-

Cerebrovasc Dis 2008;26:641-649 643
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Patients receiving UFH
(n=392)

1

Thrombocytopenia without evident causes other than MIT

(n=10; 2.6%)

/\

Clinical Clinical HIT Nonclinical HIT
(n=8; 2.0%) (n=2)
ELISA ELISA(+) ELISA(-) ELISA(-)
(n=4;1.0%) (n=4) (n=2)
SRA SRA(+) SRA(-) SRA(-) SRA(-]
(n = 2; patients No. 1, 2; 0.5%) (n = 2: patients No. 3, 4; 0.5%) (n = 4; patients No. 5-8; 1.0%) (n = 2; patients No. 9, 10)

o |

: Definite HIT | |

Suspected HIT

[ Non-HT |

[ l Clinically suspected HIT l

Fig. 1. Final diagnosis of the patients.

bocytopenic event. Based on these two scoring systems,
8 of 10 patients (No. 1-8) were diagnosed as having clin-
ical HIT. One patient (No. 9) had an intermediate score
using the first system (4Ts) and was considered unlikely
HIT using the second scoring system; he was later diag-
nosed as having nonovert disseminated intravascular co-
agulation. The last patient (No. 10) who did not meet the
criteria of clinical HIT in either system was later diag-
nosed as having idiopathic thrombocytopenic purpura.
Anti-PF4/heparin Abs were positive by ELISA in 4 pa-
tients (No. 1-4), and by SRA in 2 patients (No. 1, 2). Thus,
of 392 stroke patients treated with UFH, patients with
definite HIT (No. 1, 2) accounted for 0.5%, patients with
suspected HIT (No. 3, 4) accounted for 0.5%, and those
with clinically suspected HIT (No. 5-8) accounted for
1.0% (fig. 1). The optical densities of anti-PF4/heparin
Abs by ELISA were similar in patients with definite HIT
and patients with suspected HIT (table 1).

644 Cerebrovasc Dis 2008;26:641-649

The 8 patients who were diagnosed as having clinica
HIT had one or more vascular risk factors (table 2). Seves
patients (except for No. 6) were diagnosed as having car
dioembolic stroke due to atrial fibrillation, prosthetic mi
tral valve, nonbacterial thrombotic endocarditis (identi
fied by autopsy examination), and left ventricular dyski
nesis. The remaining patient (No. 6) was thought to hav
had an embolic stroke, even though no embolic source
were identified. In all patients, culprit infarcts wer
located in the carotid arterial territory; 1 patient also ha.
bilateral cerebellar infarcts (No. 5). The admissio
NIHSS score varied between 7 and 18 (median 16.5) in a.
patients, and was higher than that of the other 384 strok
patients treated with UFH (interquartile range 3-16, me
dian 7, p = 0.033).

In these 8 patients, the total dose of UFH given befor
the nadir of the platelet count varied from 10 to 375 (me
dian 95) x 10° units (principally, 10 X 10* units/day

Kawano et al.
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1 he doses were greater in patients with detinite and sus-
pected HIT than in those with clinically suspected HIT
(p = 0.043). The platelet count dropped to its nadir be-
tween 2 and 37 (median 9) days after the initiation of
UFH, and blood samples for the assays were collected be-
tween 5 and 28 (median 9) days after the initiation of
UFH (fig. 2; table 2). The interval between the day of
platelet count nadir and that of blood collection was
within 2 days for all but 1 patient (No. 3). It should be
noted that the thrombocytopenia in the definite HIT pa-
tients (No. 1, 2) occurred between days 5 and 10 of hepa-
rin therapy, which is the highest risk window for HI'T,
with prompt recovery of platelet count after the cessation
of UFH and the administration of argatroban as de-
scribed below. The platelet count reached its nadir at 20
days or later in both patients with suspected HIT (No. 3,
4) and at 2 days in 1 of the patients with clinically sus-
pected HIT (No. 6). There were no significant differences
between patients with definite or suspected HIT and
those with clinically suspected HIT in baseline platelet
counts (p = 0.248), nadir platelet counts (p = 0.773), and
in the change in nadir/baseline counts (p = 0.564). For all
but 1 patient with clinically suspected HIT (No. 8), UFH
administration was stopped immediately when HIT was
suspected (table 2). For definite and suspected HIT pa-
tients, intravenous argatroban was given as an alternative
to UFH to maintain the activated partial thromboplastin
time within 1.5- and 3.0-fold of the baseline value.

One patient with suspected HIT (No. 3) and 2 patients
with clinically suspected HIT (No. 5, 8) developed throm-
botic events. Patient No. 3 developed pain in his right leg
on the eighth day of acute UFH treatment and was diag-
nosed as having DVT on ultrasound and PE on lung scin-
tigraphy. Intravenous argatroban was given between days
28 and 41 after the initial stroke onset, but 44 days and
66 days after the initial stroke, this patient had recurrent
embolic strokes probably due to nonbacterial thrombotic
endocarditis secondary to the lung adenocarcinoma, Six-
ty days after the initial stroke, he also developed an acute
myocardial infarction. These repeated events may have
been due to a hypercoagulable state related to the adeno-
carcinoma [22]. The other 3 patients with definite or sus-
pected HIT who were treated with argatroban did not
develop thromboembolic events. Patient No. 5 developed
a recurrent cardioembolic stroke 8 days after the initia-
tion of UFH, at which time she was also receiving oral
warfarin due to the presence of a prosthetic mitral valve
and atrial fibrillation; the international normalized ratio
of the prothrombin time was 3.11. Patient No. 8 devel-
oped a DVT that was detected on ultrasound when her

Heparin-Induced Thrombocytopenia in
Acute Stroke
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Fig. 2. Serial platelet counts of the patients.

left leg became swollen 8 days after initiation of UFH;
UFH therapy was stopped, and she was given elastic
stockings.

Both patients with suspected HIT died (No. 3, 4); pa-
tient No. 3 died of lung cancer 3 months after the initial
stroke event, and patient No. 4 died of acute respiratory
distress syndrome 30 days after the stroke event. The re-
maining 6 patients needed assistance for activities of dai-
ly living; their mRS score was 3 or more. The mRS score
of the 8 patients was higher than that of the other 384
stroke patients treated with UFH (interquartile range 1-
4, median 2, p = 0.001).

Discussion

In this study, we determined the incidence of HIT and
clarified the clinical picture of patients who developed
HIT during the acute management of ischemic stroke us-
ing UFH. The diagnosis of HIT was made both clinically
and serologically, in particular using SRA. The first ma-
jor finding of this study was that 2.0% of the stroke pa-
tient population had HIT based on the two clinical scor-
ing systems: 1.0% had both clinical and serological HIT;
0.5% had definite HIT confirmed by SRA. The second
major finding was that the clinical severity and outcome
of acute stroke patients who were suspected of having
HIT were relatively unfavorable compared to other acute
stroke patients.

Both ELISA and SRA are similarly and highly sensi-
tive (>>95%) for clinical HIT [23-25]. However, the speci-
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