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Abstract

This study evaluated the levels of the platelet activation markers beta-thromboglobulin (beta-TG) and 
platelet factor 4 (PF4) in patients with branch atheromatous disease (BAD). Patients with newly diag-
nosed cerebral infarctions were recruited into the study; those with cardiogenic cerebral infarctions were  
excluded. Beta-TG and PF4 levels were measured before therapeutic intervention and compared between 
patients with and without BAD; Welch’s t-test was used to determine significant differences between 
the groups. A total of 15 subjects were enrolled in the study, and 8 were diagnosed with BAD. Beta-TG  
(P = 0.031) and PF4 (P = 0.041) levels were significantly higher in the BAD patients than in the non-BAD 
patients. Platelet activity is normally elevated in patients with cerebral infarctions, but is elevated to an 
even greater extent in BAD patients. The evaluation of beta-TG and PF4 levels may be beneficial for the 
elucidation of BAD.
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Introduction

Branch atheromatous disease (BAD), initially reported 
by Caplan,1) is characterized by the development of 
atheromatous plaques at penetrating artery branch 
points in the brain. When these plaques rupture, 
they may cause peripheral artery occlusions due to 
dispersion of thrombi into the penetrating branches, 
complete occlusion of branch orifices, and the spread 
of lesions to adjacent branch orifices.2) 

Antiplatelet therapy has been recommended for 
the treatment of atherothrombotic brain infarctions, 
lacunar infarctions, and BAD because elevated 
platelet activity is usually associated with these 
types of infarctions. the purpose of this study was 
to confirm the levels of platelet activation markers 
(beta-thromboglobulin [beta-tG] and platelet factor 
4 [PF4]) in patients diagnosed with BAD.

Materials and Methods

Patients with newly diagnosed cerebral infarctions 
were included in the study. the included patients 

were ineligible if they had a history of stroke; had 
been treated with anticoagulants, antiplatelet drugs, 
or immunosuppressive drugs; had any malignancies, 
liver diseases, or infections; or if they were using 
anti-inflammatory drugs. Similarly, patients with 
atrial fibrillation were excluded from the present 
study because the recommended therapy for cardio-
genic cerebral infarctions is different from that for 
the above-mentioned types of infarctions.

We measured beta-tG and PF4 levels in patients 
at the time of their admission, before any treatment, 
using an immunoassay (SRL Inc., tokyo). Neurologic 
activity was measured at the time of admission and 
7 days after symptom onset. Furthermore, neurologic 
changes were characterized using the Barthel index.3)

After blood collection, ozagrel sodium (160 mg/day,  
on days 1–3) and clopidogrel (75 mg/day) were 
prescribed to all patients. Some reports recommend 
the use of argatroban hydrate for the treatment of 
BAD.4) However, we selected ozagrel sodium for 
the treatment of our patients, as recommended by 
the stroke treatment guidelines published by the 
Japan Stroke Society.

BAD was defined as infarcts in the lenticulostriate 
arterial (LSA) territory, observed in three or more Received February 13, 2015; Accepted April 5, 2015
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horizontal, cross-sectional magnetic resonance imaging 
(Philips Achieva 1.5 t instrument, Philips Medical 
Systems, Best, the Netherlands) slices, and the 
presentation of characteristic ventral pontine infarcts 
in the paramedian pontine arterial (PPA) territory, 
without the presence of major vessel stenosis in 
the affected side or atrial fibrillation. 

Welch’s t-test was used to calculate the significance 
of differences between patients diagnosed with BAD 
and those without BAD; P < 0.05 was considered 
significant.

this observational study was approved by the 
ethical committee of the hospital where the patients 
were treated, and the participating individuals 
provided informed consent.

Results 

A total of 15 newly diagnosed cerebral infarction 
patients (7 men) were enrolled in the study. Based 
on the definition of BAD, 8 of the subjects (53%, 
including 2 men) were diagnosed with BAD. BAD 
was observed in the LSA territory in 3 patients 
(37.5%) and in the PPA territory in 5 patients 
(62.5%) (table 1, Fig. 1).

the mean beta-tG levels in the BAD and non-BAD 
groups were 161.3 ng/ml (standard deviation [SD], 
50.3), and 83.6 ng/ml (SD, 61.9), respectively  
(P = 0.031). the mean PF4 levels in the BAD and 
non-BAD groups were 72 ng/ml (SD, 36.6) and 
31.3 ng/ml (SD, 31.1), respectively (P = 0.041). 
Furthermore, the beta-tG level was > 200 ng/ml in 
the three patients with BAD in the LSA territory; 
similarly, PF4 levels were > 100 in those same 
patients. these observations suggested a high level 
of platelet activity. Based on the Barthel indexes, 
the patients in the BAD group did not demonstrate 
worsening neurologic symptoms, except patient No. 
3, and demonstrated neurologic symptoms that were 
of similar severity to those in non-BAD patients.

Discussion

Increased platelet activity has been previously 
reported to be associated with cerebrovascular 
disorders,5,6) and elevated PF4 levels were reported 
in patients with lacunar infarctions in a study 
comparing patients with lacunar infarctions to 
healthy individuals.7) Furthermore, ohara et al. 
reported that patients with large lacunar infarctions 

Table 1 Characteristics of 15 patients with cerebral infarctions

Patient 
No.

type 
of cerebral infarction

Beta tG
(ng/ml)

PF4
(ng/ml)

BI
at time of 
admission

BI
(after 

7 days)
Ht HbA1c DL Age Sex

 1 CAe 45 10 0 0 (–) 5.6% (+) 79 M

 2 BAD (PPA territory) 60 12 45 50 (–) 4.8% (–) 67 F

 3 BAD (LSA territory) > 200 > 100 70 35 (+) 5.9% (+) 85 F

 4 BAD (PPA territory) 137 60 85 85 (–) 5.7% (+) 69 M

 5 CAe 22 7 5 5 (–) 6.9% (+) 91 M

 6 Lacunar infarction 53 17 90 95 (+) 5.8% (+) 71 F

 7 BAD (PPA territory) 108 26 60 75 (–) 5.8% (–) 85 M

 8 CAe > 200 > 100 5 60 (+) 4.9% (+) 82 F

 9 CAe 61 16 0 0 (–) 4.9% (–) 88 F

10 CAe 156 51 90 90 (+) 5.8% (–) 87 F

11 BAD (LSA territory) > 200 > 100 55 85 (–) 5.9% (+) 88 M

12 BAD (PPA territory) 185 78 100 100 (+) 5.9% (+) 78 F

13 BAD (PPA territory) > 200 > 100 NA NA (+) 6.2% (+) 63 M

14 BAD (LSA territory) > 200 > 100 80 100 (+) 5.7% (+) 76 F

15 Lacunar infarction 48 18 60 80 (+) 6.3% (–) 60 M

BAD: branch atheromatous disease, beta-tG: beta-thromboglobulin, BI: Barthel index, CAe: cerebral atheromatous embolism, DL: 
dyslipidemia, F: female, HbA1c: glycated hemoglobin, Ht: hypertension, LSA: lenticulostriate arterial, M: male, PF4: platelet 
factor 4, PPA: paramedian pontine arterial.
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demonstrated beta-tG levels of 46.2 ± 28.7 ng/ml  
and PF4 levels of 11.3 ± 15.1 ng/ml;8) beta-tG 
values are < 50 ng/ml and normal PF-4 values are 
< 20 ng/ml, respectively, in healthy individuals.8) 
thus, both beta-tG and PF4 levels are known to 
be elevated in patients with thrombotic disorders, 
such as peripheral artery disease, coronary artery 
disease, or cerebral infarction. Furthermore, platelet 
activity is considered to be an indicator of these 
thrombotic disorders. Yamamoto et al. reported 
that treatment involving the use of conventional 
antithrombotic therapy decreases platelet activity, 
and leads to an improved treatment effect.4)

PF4 possesses some heparin-neutralizing activity, 
and in a bovine study, beta-tG has been reported 
to play a role in the inhibition of prostacyclin 
(PGI2) production.9) the hydrolysis of PGI2 has 
also been reported to be promoted in patients with 
cerebral infarctions, and there is a relationship 
between a decrease in PGI2 production and 
platelet activity.6,10) this suggests the possibility 
of a relationship between beta-tG and PF4 values 
and a tendency for angiostenosis; therefore, these 
are important findings for the recognition of 
BAD pathology. the results of the present study 
suggest that the elevated levels of beta-tG and PF4 
in BAD patients further increase the associated 
platelet activity. 

 However, beta-tG and PF4 levels are also elevated 
in patients with diabetes. Additionally, diabetes 
has been reported to worsen neurologic findings in 

patients with lacunar infarctions.11) thus, BAD may 
tend to develop in patients with elevated beta-tG 
and PF4 levels. Currently, there is a lack of clarity 
regarding whether beta-tG and PF4 increase in BAD 
patients or if BAD develops more easily when beta-tG 
and PF4 levels are elevated. Regardless, platelet 
activity is elevated in patients diagnosed with BAD. 
In the present study, we were only able to confirm 
that platelet activity is significantly higher in BAD 
patients than in non-BAD patients; we were unable 
to report a relationship between platelet activity and 
neurologic deterioration or between platelet activity 
and BAD pathology. However, exacerbated neurologic 
symptoms were not evident in the BAD group, relative 
to the non-BAD group, based on the Barthel index 
results. the National Institute of Health Stroke Scale 
(NIHSS) may be a more appropriate measurement 
tool, for these patients, than the Barthel index. We 
had originally selected the Barthel index to detect 
changes in activities of daily living in stroke patients, 
but were unsuccessful. thus, we believe that the 
NIHSS may be more useful than the Barthel index 
for evaluating fine neurological changes because it 
includes basic neurological findings, paralysis, and 
sensory disturbances.

Laboratory determinations of beta-tG and PF4 
levels require a week before the results are known. 
Furthermore, the methods for collecting and preserving 
blood samples for PF4 and beta-tG level determinations 
are unique; thus, they are generally not routinely 
performed. Future assessments of larger numbers 

Fig. 1 Representative magnetic resonance imaging scans from patients diagnosed with cerebral infarctions. A: Patient 1  
showing a cerebral atheromatous embolism. B: Patient 2 showing cerebral infarction in the paramedian pontine 
arterial territory (branch atheromatous disease). C: Patient 3 showing cerebral infarction in the lenticulostriate 
arterial territory (branch atheromatous disease). D: Patient 15 showing a lacunar infarction.
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of patients should be performed using the methods 
described in this study.

In conclusion, the present study compared platelet 
activities in patients with cerebral infarctions who 
were diagnosed with BAD and in those without 
BAD. Based on the beta-tG and PF4 levels, platelet 
activity was confirmed to be significantly elevated in 
the BAD group compared with that in the non-BAD 
group. Future research to examine and assess changes 
in beta-tG and PF4 levels and to correlate those 
changes with clinical manifestations, before and 
after intervention, may be useful for the elucidation 
and future treatment of BAD.
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