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Abstract
Background: In up to 30% of patients with ischemic stroke no definite etiology can be established. A significant
proportion of cryptogenic stroke cases may be due to non-stenosing atherosclerotic plaques or low grade carotid
artery stenosis not fulfilling common criteria for atherothrombotic stroke. The aim of the CAPIAS study is to
determine the frequency, characteristics, clinical and radiological long-term consequences of ipsilateral complicated
American Heart Association lesion type VI (AHA-LT VI) carotid artery plaques in patients with cryptogenic stroke.
Methods/Design: 300 patients (age >49 years) with unilateral DWI-positive lesions in the anterior circulation and
non- or moderately stenosing (<70% NASCET) internal carotid artery plaques will be enrolled in the prospective
multicenter study CAPIAS. Carotid plaque characteristics will be determined by high-resolution black-blood carotid
MRI at baseline and 12 month follow up. Primary outcome is the prevalence of complicated AHA-LT VI plaques in
cryptogenic stroke patients ipsilateral to the ischemic stroke compared to the contralateral side and to patients with
defined stroke etiology. Secondary outcomes include the association of AHA-LT VI plaques with the recurrence rates
of ischemic events up to 36 months, rates of new ischemic lesions on cerebral MRI (including clinically silent lesions)
after 12 months and the influence of specific AHA-LT VI plaque features on the progression of atherosclerotic
disease burden, on specific infarct patterns, biomarkers and aortic arch plaques.
Discussion: CAPIAS will provide important insights into the role of non-stenosing carotid artery plaques in
cryptogenic stroke. The results might have implications for our understanding of stroke mechanism, offer new
diagnostic options and provide the basis for the planning of targeted interventional studies.
Trial Registration: NCT01284933
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Background
Ischemic stroke is one of the leading causes of disability
and death in industrialized countries [1]. Current etiologic
classification systems like TOAST (trial of Org 10172 in
Acute Stroke Treatment) [2] or A-S-C-O [3] assign stroke
causes to one of four major categories: large artery
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atherosclerosis (LAA), cardioembolism (CE), small vessel
disease (SVD) or stroke of other determined etiology.
However, in up to 30% of cases the etiology remains
unknown (cryptogenic stroke) even in well characterized
patients [4,5]. A review by Amarenco suggested that a
significant proportion of these cases may be due to nonstenosing atherosclerotic plaques or low grade cervical
artery stenosis not fulfilling common criteria for atherothrombotic stroke [6].
Previous histopathological examinations have demonstrated a role of plaque rupture in myocardial infarction
[7] as well as atherosclerotic stroke [8]. Plaque rupture
depends on plaque vulnerability rather than plaque size.
Plaques with a lipid rich necrotic core, a thin fibrous
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cap, marked inflammation and intraplaque hemorrhage
have been shown to predispose to rupture and thromboembolic complications [9-11]. Despite the obvious association of plaque composition and its vulnerability, current
treatment algorithms for carotid artery atherosclerosis use
stenosis grade as decision criterion whereas plaque characteristics are usually not considered [12,13].
High-resolution black-blood carotid magnetic resonance
imaging (carotid MRI) allows non-invasive characterization
of atherosclerotic plaques by the assessment of plaque size,
plaque composition, and plaque morphology with good correlation to histopathology [14,15]. Complicated American
Heart Association lesion type (AHA-LT) VI plaques are
characterized by plaque surface rupture, luminal thrombosis
and intra-plaque hemorrhage [14]. Furthermore, progression
of atherosclerotic disease burden can be monitored noninvasively [16,17].
Previous MR plaque imaging studies on patients with carotid artery stenosis have revealed an association between
the presence of complicated AHA-LT VI features and ischemic events in cross-sectional [18,19] and longitudinal studies [20,21]. However, most of these studies were performed
in patients with high grade stenosis [20,21] and mixed cohorts of both asymptomatic and symptomatic patients
[18,22]. Furthermore, they used a broader definition of the
index event [19], and time between symptoms and carotid
plaque MRI was up to 3 months [23]. In a prospective pilot
study on 32 cryptogenic stroke patients with non-stenosing
carotid artery plaques we recently found a prevalence of
37% for complicated AHA-LT VI plaques ipsilateral to the
ischemic stroke compared to the contralateral side, where
no AHA-LT VI plaques were found (p = 0.001) [24]. These
findings suggest a possible causative role of complicated
AHA-LT VI plaques in patients with cryptogenic stroke.
We thus initiated the current prospective CAPIAS study
with the primary aim to determine the prevalence of complicated AHA-LT VI plaques ipsilateral to an acute ischemic stroke in patients with a cryptogenic stroke. Secondary
outcome measures include the association of complicated
AHA-LT VI plaques with specific infarct patterns, biomarkers and aortic arch plaques, the evaluation of recurrence rates of ischemic events up to 36 months and rates
of new ischemic lesions on cerebral MRI (including clinically silent lesions) after 12 months as well as the evaluation
of the influence of specific AHA-LT VI plaque features on
the progression of atherosclerotic disease burden.

Methods
Study design

CAPIAS is an observational hospital-based cohort study in
patients suffering from acute stroke conducted at three
University hospitals in Germany. The study was initiated in
February 2011 at the Interdisciplinary Stroke Center in
Munich (Ludwig-Maximilians-University) and subsequently
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extended to the Technical University Munich and the University of Freiburg. The centers use identical core protocols,
particularly with regard to the radiological requirements
and identical data collection methods using TeleForm
(Electric Paper GmbH, Lüneburg, Germany). The study has
been approved by each local ethics committee (project
016–10, 20.12.2010), is conducted according to the Declaration of Helsinki and has been registered at the trial registration website clinicaltrials.gov (NCT01284933). Patient
insurance for the study was contracted (policy number 40958405-03029/390). No randomization and study-related
interventions are planned. Patients are treated following
current guidelines for the treatment of stroke [25].
Patient population - Inclusion and exclusion criteria

Patients of both genders older than 49 years presenting
with neurological symptoms compatible with an acute
unilateral anterior circulation infarct within the last seven
days are recruited through certified stroke units at the participating centers. DWI positive lesions in the territory of
a single internal carotid artery (ICA) on cerebral MRI and
the presence of plaques with ≥ 2 mm thickness on one of
the carotid arteries as defined by ultrasound are required
for inclusion. Patients with high-grade carotid artery stenosis (≥70% NASCET) are excluded from the study as these
patients usually undergo immediate invasive treatment
(carotid endarterectomy or carotid artery stenting) following current guidelines. Additional exclusion criteria include bilateral ischemic lesions and infarcts within the
posterior circulation. For detailed inclusion and exclusion
criteria see Table 1.
In our study “Cryptogenic stroke” is defined as a stroke
`of undetermined origin’ according to TOAST classification,
which is equivalent to the absence of grade 1 pathology according to A-S-C-O. Thus, patients with concurrent etiologies will be analyzed as a separate group. Patients with
cardioembolic stroke or small vessel disease represent the
negative control group and patients with large artery atherosclerosis (50-69% stenosis) serve as positive control.
Primary outcome

The primary outcome of the CAPIAS study is the prevalence of complicated AHA-LT VI plaques ipsilateral to an
acute ischemic stroke in the territory of a single carotid artery in patients with a cryptogenic stroke. The analyses
will include a comparison of the prevalence of complicated AHA-LT VI plaques ipsilateral versus contralateral
to the ischemic stroke and a comparison of complicated
AHA-LT VI plaques in patients with cryptogenic stroke as
compared to patients with defined stroke etiology.
Secondary outcomes

Secondary outcomes include the association of complicated AHA-LT VI plaques with specific infarct patterns
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Table 1 Inclusion and exclusion criteria
Inclusion criteria

Exclusion criteria

• Age > 49 years old

• Primary referral to an outside hospital

• Acute ischemic stroke or transient ischemic attack (TIA)

• DWI positive lesions outside the territory of a single internal carotid artery

• Neurological symptoms compatible with a stroke or TIA in the territory
of the internal carotid artery

• Surgical procedure within 24 hours preceding the MRI

• Onset of symptoms within the last 7 days

• History of radiation to the neck area

• 1 or more acute ischemic lesion(s) visible on MR diffusion-weighted
imaging (DWI) in the territory of a single internal carotid artery

• Carotid artery stenosis ≥70% (NASCET) ipsilateral to the stroke or
TIA as defined by ultrasound (systolic peak flow velocity ≥ 300 cm/s)

• Presence of carotid artery plaques in the ipsi- or contra-lateral carotid
artery as defined by ultrasound (plaque thickness at least 2 mm; located
within 1 cm proximal or distal to the carotid bifurcation)

• Creatinine levels > 2 times the upper limit of the standard range of
the respective laboratory within the last 30 days prior to MRI and
Renal clearance < 30 ml/minute

• Written informed consent

• Standard contra-indications for MRI

(territorial infarcts, multiple embolic infarcts, small lacunar lesions), with aortic arch plaques as determined by
transoesophageal echocardiography or computed tomography angiography (CTA) and their association with biomarkers derived from serum and plasma. Furthermore, we
will evaluate the recurrence rate of ischemic events and
the rate of new ischemic lesions on brain MRI in patients
with complicated AHA-LT VI plaques after twelve months
follow up. In addition, we will investigate whether specific
features of complicated AHA-LT VI plaques, such as
intraplaque hemorrhage and thin or ruptured fibrous cap
are associated with an increased progression rate of atherosclerotic disease burden after twelve months.
Recurrent ischemic events include cerebrovascular and
cardiovascular events. Cerebrovascular events are defined either clinically (TIA, amaurosis fugax or stroke),
by brain MRI alone (new ischemic lesion on brain MRI)
or on the combined assessment of clinical findings and
brain MRI. Furthermore, the most likely cause of the recurrent cerebrovascular event is classified according to
the ASCO and TOAST classifications. Unilateral events
in the anterior circulation will be included in the final
analysis to estimate the risk of recurrent events in patients with AHA-LT VI plaques. Recurrent ischemic
events in other territories, bilateral events and cardiovascular events (myocardial infarction, vascular death) are
recorded during follow-up to evaluate if patients with
complicated AHA-LT VI plaques have a higher overall
atherosclerotic disease burden.

planned assessments and time points. In cases where no
contact with the patient can be established, information
will be obtained from the Residents’ Registration Office.

Assessment

Ultrasound

All patients included into the study are interviewed and
examined within 7 days after stroke onset. Assessment
at 3, 24 and 36 months follow up is performed using a
structured telephone interview conducted centrally by
the coordinating center (LMU Munich). Twelve month
follow up consists of a clinical examination by a stroke
neurologist, blood investigations as well as repeated carotid and brain MRI. Table 2 gives a detailed schedule of

Ultrasound investigations include assessment of extraand intracranial vessels by Doppler and color duplex
sonography. Specifically, the following measures are obtained: plaque thickness, plaque localization (< 1 cm
proximal or distal to carotid bifurcation), plaque configuration (eccentric or concentric), echogenicity (hypo-,
iso- or hyperechoic) and stenosis grade according to
NASCET criteria.

Clinical and neuropsychological assessment

Information about demographics, living situation, functional outcome, lifestyle habits, health and family history
as well as medication before stroke are provided by the patient or the next of kin. Cardiovascular Risk Factors are
defined according to current guidelines [26]. Cognitive
function is investigated using the Mini Mental State
Examination (MMSE) [27] and the Montreal Cognitive
Assessment (MoCA) [28]. The Informant Questionnaire
on Cognitive Decline in the Elderly (IQCODE) [29] will be
performed in subjects scoring below 27 in the MoCA.
Clinical examination consists of anthropometric measures
and a standardized neurological examination. Stroke severity is assessed by a certified stroke neurologist using
the National Institutes of Health Stroke Survey (NIHSS).
The modified Rankin Scale (mRS) and the Barthel Index
(BI) serve as measures of functional outcome.
Brain MRI

Unilateral infarct localization within the anterior circulation is confirmed by brain MRI. Infarcts are defined as
acute diffusion restrictions (hyperintensities) on Diffusion
weighted images with corresponding hypointense areas
on ADC maps. In addition T2-weighted and FLAIR sequences are acquired.
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Table 2 Schedule of assessments
Month

0

Informed consent

X

3

12

24

36

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Interview
Demographic variables, migration status

X

Living situation and level of independence

X

Vascular risk factors

X

Family history (cardiovascular diseases)

X

Health history (cardiovascular & neurological diseases)

X

Medication

X

Incident cardiovascular & neurological diseases
Neuropsychological Examinations
Montreal Cognitive Assessment (MoCA)

X

Mini Mental Status Examination (MMSE)

X

Modified Telephone Interview for Cognitive Status (TICS)

X
X
X

Clinical Examinations
Anthropometry (Weight, Height, Waist circumference)

X

X

Blood pressure

X

X

Physical & neurological examination

X

X

National Institute of Health Stroke Scale (NIHSS)

X

Modified Rankin Scale (mRS)

X

X

X
X

X

X

Barthel Index (BI)

X

X

X

X

X

Technical Examinations
Blood draws for biobanking, laboratory investigations

X

X

electrocardiography (ECG)

X

X

24-hour ECG

X

Screening ultrasound of the carotid arteries

X

Transoesophageal and transthoracic echocardiography

X

Cerebral Magnetic Resonance Imaging (MRI)

X

X

High resolution black blood carotid MRI (carotid MRI)

X

X

Contrast enhanced ultrasound (CEUS)

X

Cardiac examinations

Cardiac examinations include transthoracic (TTE) and
transesophageal echocardiography (TEE), 12-lead ECG
and Holter monitoring for 24 hours. Routine TEE
includes a search for right-to-left shunt (patent foramen ovale), atrial septal aneurysm and intracardiac
thrombi. For research purposes the ascending aorta,
the aortic arch and the proximal portion of the descending aorta is examined with respect to aortic plaques, defined as irregular thickening of the vessel
wall of > 3 mm thickness [30].

biomarkers that will emerge during the study. Biosamples
are processed using standard operating procedures harmonized with the Munich biotech cluster m4 (www.m4.de).
Stroke classification

All initial strokes and recurrent events will be classified
according to the TOAST and ASCO classification and
both classification schemes will be used for the final analyses. The Classification is carried out by two experienced raters (ABK, FAW) who are blinded with regard
to the results of carotid MRI. In case of discrepancy, a
consensus will be reached by discussion.

Blood tests

Serum and plasma samples are taken for laboratory investigations including parameters of inflammation (e.g. hsCRP, interleukin), lipid status and for future analyses of

Carotid MRI

All subjects are imaged twice (baseline and 12 month
follow up) using a multi-sequence protocol [31] (Time-
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of-flight MR angiography (TOF-MRA), axial pre- and
post- contrast black-blood T1-, PD- and T2- weighted sequences with fat suppression; best in-plane resolution
0.5 × 0.5 mm2) at 3 Tesla (Siemens Verio, Siemens Healthcare, Erlangen, Germany) with a dedicated 4-channel surface coil (Machnet B.V., Eelde, the Netherlands). Parallel
imaging is used for all sequences with a parallel acquisition
technique (PAT) acceleration factor of 2 for T1-, PD- and
T2- weighted sequences. The protocol results in a total
imaging time of 22:43 minutes for the carotid MRI.
Gadolinium-DTPA-BMA (Gadobutrol, Bayer Schering, Leverkusen, Germany) of 0.1 mmol/kg (0.1 ml/kg) is given at
a rate of 3 ml/s. Post-contrast T1w imaging is performed
approximately 5 minutes after intravenous injection of the
contrast agent. Fat suppression is used for pre- and postcontrast T1w, PDw, and T2w images to reduce signals
from subcutaneous and perivascular fat. Each scan covers
30 mm (2 mm slice thickness × 15 matched images across
the 5 sequences).
Dynamic contrast-enhanced carotid MRI

In the subgroup of patients included at the coordinating
center (LMU Munich), an additional dynamic contrastenhanced (2D-Saturation-Recovery Spoiled Gradient Echo)
MRI series of the carotid arteries is acquired over five minutes after contrast administration consisting of two representative axial slices with a sampling interval of 1.8 seconds
each. Using a PAT factor of 4, best in-plane resolution is
0.625 x 0.625 mm2. This sequence is acquired between the
pre- and post-contrast T1-weighted sequences. The aim of
this sub-study is to visualize markers of plaque vulnerability, such as neovascularization and inflammation [32] and
to test whether increased plaque vascularization is associated with an increased progression rate and with a higher
rate of stroke recurrence.
18-Fluor-deoxyglucose positron emission tomography - MRI
(18 F-FDG PET/MRI)

For a subgroup of patients recruited at the Technical
University of Munich a novel, fully integrated PET/MR
system (Biograph mMR, Siemens Healthcare, Erlangen,
Germany) is used for the baseline scan. In addition to
full 3 T-MRI capabilities including the acquisition of the
aforementioned morphologic MRI-sequences, this hybrid PET/MR system permits the simultaneous acquisition and co-registration of a PET-dataset. To investigate
the potential increase in diagnostic information provided
by quantitative measures for the uptake of 18 F-FDG,
patients are administered approx. 5 MBq/kg body weight
of 18 F-FDG in combination with 20 mg of furosemide
via i.v. bolus injection 3 hours prior to the baseline scan.
Simultaneous acquisition of MRI-sequences and PET
data is performed in analogy to the protocols published
for cardiac imaging [33]. This additional PET-scan was
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approved by the Federal Office for Radiation Protection
(Bundesamt für Strahlenschutz, BfS). The aim of this
sub-study is to quantify plaque inflammation and to correlate plaque inflammation as assessed by PET/MRI to
plaque morphology as assessed by carotid MRI. Furthermore, it will be tested whether increased plaque inflammation is associated with an increased progression rate
and with a higher rate of stroke recurrence.
Contrast-enhanced ultrasound

Contrast enhanced ultrasound (CEUS) with a microbubble
based contrast agent (SonoVue®, Bracco, Italy) will be applied in a subset of patients without risk factors for ultrasound contrast agents. The aim of this sub-study is to
visualize markers of plaque vulnerability, such as plaque ulceration or neovascularization in the intima and the plaque
[34] and to test whether increased plaque vascularization
by ultrasound is associated with an increased progression
rate by carotid MRI. Plaque vascularization will be graded
on a 4-point scale (0 = absent, 1 = little, 2 = moderate and
3 = strong). Furthermore, the origin of the neovasculature
will be recorded (1 = from the vessel wall, 2 = from the
lumen). In addition presence or absence of plaque ulceration will be recorded.
Sample size

Based on a pilot study by Freilinger et al. [24], we estimated that 40% of ipsilateral carotid artery plaques in
patients with a cryptogenic stroke are complicated
AHA-LT VI plaques. Thus, in 100 patients with cryptogenic stroke the prevalence can be assessed with a precision of +/− 10%. Our unpublished pilot data indicate a
prevalence of complicated AHA-LT VI plaques in patients with defined stroke etiology of about 10%. To determine this difference with a power of 80% and 5% level
of significance, 32 patients of each group (cryptogenic
and control group) would be sufficient. Assuming a
prevalence of complicated AHA-LT VI plaques of 30%
in the cryptogenic stroke group, 64 patients in each
group are needed.
The recurrence rate of ischemic stroke associated with
complicated AHA-LT VI plaques will be determined as
the time period until the next ischemic event. Assuming
a recurrence rate of ischemic events of 8% [35] within
12 months following the index stroke and a hazard ratio
of AHA-LT VI plaques ≥ 5 [19,34,35], 300 patients will
be enough to demonstrate a significant difference in
event rates between patients with and without AHA-LT
VI plaques.
Previous longitudinal studies, which demonstrated
associations of intraplaque hemorrhage with accelerated
plaque progression and with new surface disruption,
were able to show those associations with much smaller
sample sizes [21,36]. Thus 300 patients will provide
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sufficient power to detect effects of certain plaque features on plaque progression.
Imaging and statistical analysis

Atherosclerotic plaques in both carotid arteries (ipsilateral and contralateral to the ischemic stroke) will be recorded and classified according to the modified criteria
of the American Heart Association [14]. Tissue components (necrotic core, calcification, hemorrhage, loose
matrix) and type and location of hemorrhage will be
identified and quantified based on previously published
criteria [15,36]. For definition of a complicated AHALT-VI plaque, at least one of the following three criteria
is required: fibrous cap rupture, intraplaque hemorrhage,
juxtaluminal hemorrhage/mural thrombus (see Figure 1
for an example of a complicated AHA-LT VI). Area
measurements of the lumen, outer wall, and tissue components are obtained using the custom-designed image
analysis tool CASCADE (University of Washington, Seattle, US) [37].
All carotid and brain MRI examinations will be evaluated by two radiologists blinded to the clinical status. In
case of discordant results, a consensus decision will be
made. Image quality is rated on a five point scale (1 =
worst, 5 = best), with MRIs ≥3 included for further analysis [31].
New ischemic lesions on brain MRI during follow up
are defined as hyperintense lesions clearly visible on T2
weighted sequences.
All statistical analyses will be performed using SPSS
and SAS. For determination of differences in prevalence
of complicated AHA-LT VI plaques between patients
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with cryptogenic stroke and stroke with defined etiology
the Chi square test will be used. Differences in the
prevalence of complicated AHA-LT VI plaques ipsi- and
contralateral to the ischemic stroke will be calculated
using the McNemar Test. For the cross-sectional analysis the prevalence of AHA-LT VI plaques in patients
with territorial infarcts, multiple embolic infarcts and
small lacunar lesions will be compared. Furthermore, the
difference in prevalence of AHA-LT VI plaques in patients with aortic arch plaques < 3 mm and > 3 mm will
be determined. Data from the serial plaque study are analyzed in accordance to previous studies [38]. The effect
of plaque morphology on cerebrovascular (TIA, amaurosis fugax and stroke) and cardiovascular events (myocardial infarction, vascular death) will be assessed using
Cox proportional-hazards regression analysis. Cohen’s
kappa test will be employed to evaluate the intra- and
inter-reader agreement for identification of AHA-LT VI.
For distinctions of the stroke subtypes regarding recurrence rates of cerebrovascular events, Kaplan-Meier curves
and Cox regression analysis will be used. For categorical
variables, Fisher’s exact test and for continuous variables,
an unpaired t-test will be applied. All p-values <0.05 will
be considered as statistically significant.

Discussion
This study differs from previous carotid plaque imaging
studies in several ways. First, we focus on patients with
cryptogenic stroke, classified by two raters and exclude
patients with high grade stenosis (>70%), who usually
undergo immediate invasive treatment and cannot be
followed regarding plaque progression. Second, most

Figure 1 Axial images of specific AHA-LT VI plaque features in a patient with acute ischemic infarct. High-resolution black blood MRI of
the carotid arteries demonstrate a large eccentric plaque with <50% stenosis in the right carotid artery, hyperintense on T1w, T2w and PDw
sequences consistent with fresh intraplaque hemorrhage (A, arrow). Axial images 0.6 cm above the bifurcation show an area attached to the
plaque, which is hypo- to isointense on T1w + CM, PDw and TOF, consistent with a mural thrombus (B, arrow). (T1w: T1-weighted black blood
sequence, PDw: PD-weighted sequences, T2w: T2-weighted sequence, TOF: Time-of-flight MR angiography, T1w + CM: T1-weighted black blood
sequence after contrast administration).
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previous studies have used a broader definition of the
index event, including not only patients with a stroke
documented by DWI-positive lesions on brain MRI, but
also patients with TIA and amaurosis fugax [16,19], or
even focused on asymptomatic patients [20,22]. Third,
the time interval between the event and the MRI scan
was up to 3 months [23], whereas CAPIAS includes
patients within 7 days after symptom onset. Histopathological studies have shown that plaque features associated with vulnerability have the highest frequency in the
first days after the ischemic event, thus suggesting that
a short time period between event and MRI seems to
be preferable [6,39]. Furthermore we excluded stroke
patients younger than 50 years because the etiologic
spectrum in this group differs from that in older subjects. The most frequent etiologic subgroups in the age
range of 16–49 years are cardioembolism and arterial
dissections while strokes due to large-artery atherosclerosis are extremely rare [40]. Finally, patients are systematically followed by clinical examination for 36 months
and brain MRI for 12 months. Recent results of relatively small studies suggested that with improvement in
best medical treatment the rate of recurrent events has
decreased substantially in recent years. However, to date
no larger trials are available which show the exact rate
of recurrent events in ischemic stroke patients with
<70% carotid artery stenosis and >2 mm atherosclerotic
plaques and therefore it is impossible to provide precise
estimates of the rate of stroke recurrence. In order to
improve the power of the study we will use a clinical follow up period of 36 months and we will count silent ischemic lesions in the 12 months follow up brain MRI.
Furthermore we will collect the number of TIA, amaurosis fugax and cardiovascular events.
This study also has limitations. Secondary prevention
during follow up will differ among study participants
depending on previous medication and stroke etiology.
Patients with LAA or SVD are treated with antiplatelet
agents, whereas patients with a cardioembolic etiology
usually receive anticoagulants. Also, this study offers no
information on the natural history of carotid plaques as
all patients receive statin treatment for secondary stroke
prevention. As demonstrated in several studies, statins
influence the development of plaque burden, intraplaque
hemorrhage and inflammation [39]. Another limitation
is the additional scan time of the study-related MRI
protocol, which may result in movement artifacts and
severely affected stroke patients may refuse receiving an
additional MRI.
So far, clinical and radiological baseline data of 79 patients have been analyzed. Stroke subtyping using the
TOAST criteria showed the following distribution: 14%
of subjects had LAA, 27% had CE, 13% had SVD, 5%
had multiple potential causes (MPC) and 40% had
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Table 3 Baseline characteristics of the first 79 patients
enrolled in Munich
Age in years (median, Q1-Q3)

74 (68–83)

Female (n,%)

25 (32)

Systolic blood pressure at admission (mean, SD)

142 (19)

Diastolic blood pressure at admission (mean, SD)

78 (11)

BMI (mean, SD)

26 (3)

Pre stroke living condition (n,%)
At home alone

23 (32)

At home with family or friends

46 (64)

Institutionalized

2 (3)

NIHSS at admission (n,%)
0–4

51 (65)

5–15

24 (30)

≥16

4 (5)

mRS on admission (n,%)
0–2

47 (60)

3-5

31 (40)

B I on admission (n,%)
0–19

5 (6)

20–49

15 (19)

50–74

6 (8)

75–99

16 (20)

100

36 (46)

MoCA (median, Q1-Q3)

26 (23–28)

Baseline medication (n,%)
Antiplatelet therapy

30 (38)

Statin

30 (38)

Oral anticoagulation

8 (10)

Ischemic Subtype (n,%)
Large artery atherosclerosis

11 (14)

Cardioembolism

21 (27)

Small vessel occlusion

10 (13)

Other causes
Multiple potential causes
Cryptogenic
Incomplete assessment

0
4 (5)
32 (40)
1(1)

Cardiovascular Risk Factors (n,%)
Coronary artery disease

17 (22)

Peripheral artery disease

10 (13)

Arterial hypertension

57 (72)

Smoking

39 (49)

Diabetes mellitus

17 (22)

Hypercholesterolemia

22 (28)

Atrial fibrillation

10 (13)

Data are given as medians (interquartile range), means (SD), and frequencies
(percentages). BMI indicates body mass index; NIHSS, National Institute of
Health Stroke Scale; mRS, modified Rankin Scale; BI, Barthel Index and MoCA,
Montreal Cognitive Assessment.
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cryptogenic stroke (Table 3). The small number of patients
with LAA, the absence of other stroke causes and the high
percentage of cryptogenic stroke result from our inclusion
and exclusion criteria. Thus, the number of patients with
LAA is smaller than expected as patients with ≥ 70% stenosis are excluded. Furthermore, we only include patients
with advanced atherosclerotic disease, defined as plaques ≥
2 mm in the carotid arteries, which might also explain the
smaller than expected%-ages of patients with CE and SVD
and the absence of patient with other stroke causes e.g. carotid artery dissection. Consistent with this notion, patients with cryptogenic stroke compromised almost half of
our patient population, suggesting a potential link between
atherosclerotic disease and the underlying cause of the ischemic stroke.
An initial analysis of primary endpoint data showed a
significantly higher prevalence of complicated AHA-LT VI
plaques in cryptogenic stroke patients ipsilateral (37%)
than contralateral (3%) to the ischemic stroke (p < 0.0001,
McNemar). These preliminary results are in accordance
with our pilot study suggesting a high prevalence of complicated AHA-LT VI plaques in the ipsilateral carotid artery in patients with cryptogenic stroke and unilateral
anterior circulation infarcts. If confirmed in the entire
cohort, our findings may have important implications for
the understanding of stroke mechanisms. Moreover, this
study might offer new diagnostic options by using highresolution black-blood carotid MRI in the identification
of risk patients for arterio-arterial embolism, as demonstrated in our first case report [41]. The question if these
patients should receive a more aggressive or even interventional treatment has not been answered yet. Thus, we
think that the results of our study could provide the basis
for the planning of targeted interventional studies.
Competing interests
The authors declare that they have no competing interests.
Authors’contributions
ABK is responsible for the acquisition and analysis of clinical data and drafted
the manuscript. FS is involved in acquisition and analysis of radiological data.
FW has substantial input in acquisition of clinical data. HP contributed to the
study protocol and is responsible for patient recruitment at TUM. TBB was
responsible for the establishment of the radiological protocol and acquisition
of radiological data at TUM. AB prepared the cardiac data assessment. KN
had substantial input to the design of the study. CO revised the manuscript
critically. TS is involved in acquisition and analysis of radiological data,
designed the study protocol, and assisted in drafting the manuscript. MD
designed the study protocol, and assisted in drafting the manuscript. All
authors read and approved the final manuscript.
Funding
The CAPIAS study receives funding from the Vascular Dementia Research
Foundation and the “Förderprogramm für Forschung und Lehre”, of the
Ludwig-Maximilians-University (project number 804). H. Poppert has received
speaker honoraria from Bayer Schering Pharma, Roche, Boehringer Ingelheim,
ev3, and Novartis and receives research support from BMWi and Deutsche
Stiftung Neurologie. K. Nikolaou has served on a scientific advisory board for
Bayer Schering Pharma; serves as Cardiac Section Editor for European
Radiology; receives royalties from the publication of Multislice CT, 3rd edition

Page 8 of 10

(Springer, 2005); and serves on speakers’ bureaus for and has received
speaker honoraria from Bayer Schering Pharma, Bracco, and Siemens
Medical Solutions. C. Opherk receives research support from the Deutsche
Forschungsgemeinschaft and the Dr. Werner Jackstädt Foundation; has
served on scientific advisory boards for Boehringer-Ingelheim and
Bristol-Myers Squibb; and has received speaker honoraria from
Boehringer-Ingelheim. M. Dichgans receives research support from BMB,
NGFNPlus, Wellcome Trust, and the Foundation for Vascular Dementia
Research. T. Saam receives research support from Bayer Schering Pharma
and Diamed Medizintechnik, D. Clevert has received speaker honoraria from
Siemens AG, Koninklijke Philips Electronics NV, Bracco Group.
Author details
Institute for Stroke and Dementia Research, Klinikum der Universität
München, Ludwig-Maximilians-University, Marchioninistr 15, 81377 Munich,
Germany. 2Institute for Clinical Radiology, Klinikum der Universität
München, Ludwig-Maximilians-University, Marchioninistr 15, 81377 Munich,
Germany. 3Institute for Clinical Radiology, Klinikum der Universität 555
München, Ludwig-Maximilians-University, Pettenkoferstr 8a, 80336, 556
Munich, Germany. 4Department of Neurology, Klinikum der Universität
München, Ludwig-Maximilians-University, Marchioninistr 15, 81377 Munich,
Germany. 5Interdisciplinary Stroke Center, Klinikum der Universität 559
München, Ludwig-Maximilians-University, Marchioninistr 15, 81377, 560 Munich,
Germany. 6Department of Cardiology, Klinikum der Universität München,
Ludwig-Maximilians-University, Marchioninistr 15, 81377 Munich,
Germany. 7Department of Neurology, Klinikum Rechts der Isar,
Technische Universität München, Ismaninger Str. 22, 81675 Munich,
Germany. 8Department of Neuroradiology, Klinikum Rechts der Isar,
Technische Universität München, Ismaninger Str. 22, 81675 Munich,
Germany.
1

Received: 5 April 2013 Accepted: 9 December 2013
Published: 13 December 2013

References
1. Rosamond W, Flegal K, Furie K, Go A, Greenlund K, Haase N, Hailpern SM,
Ho M, Howard V, Kissela B, Kittner S, Lloyd-Jones D, McDermott M, Meigs J,
Moy C, Nichol G, O’Donnell C, Roger V, Sorlie P, Steinberger J, Thom T,
Wilson M, Hong Y, American Heart Association Statistics Committee and
Stroke Statistics Subcommittee: Heart disease and stroke statistics–2008
update: a report from the American heart association statistics
committee and stroke statistics subcommittee. Circulation 2008,
117(4):e25–146.
2. Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, Marsh
EE 3rd: Classification of subtype of acute ischemic stroke. Definitions for
use in a multicenter clinical trial. TOAST. Trial of Org 10172 in acute
stroke treatment. Stroke 1993, 24(1):35–41.
3. Amarenco P, Bogousslavsky J, Caplan LR, Donnan GA, Hennerici MG: New
approach to stroke subtyping: the A-S-C-O (phenotypic) classification of
stroke. Cerebrovasc Dis 2009, 27(5):502–8. Epub 2009/04/04.
4. Albers GW, Amarenco P, Easton JD, Sacco RL, Teal P, American College of
Chest P: Physicians evidence-based clinical practice guidelines.
Chest 2008, 133(6):630S–69S. 8th Edition.
5. Sacco RL, Ellenberg JH, Mohr JP, Tatemichi TK, Hier DB, Price TR, Wolf PA:
Infarcts of undetermined cause: the NINCDS stroke data bank.
Ann Neurol 1989, 25(4):382–90. Epub 1989/04/01.
6. Amarenco P: Underlying pathology of stroke of unknown cause
(cryptogenic stroke). Cerebrovasc Dis 2009, 27(Suppl 1):97–103.
Epub 2009/04/15.
7. Falk E, Shah PK, Fuster V: Coronary plaque disruption. Circulation 1995,
92(3):657–71. Epub 1995/08/01.
8. Redgrave JN, Lovett JK, Gallagher PJ, Rothwell PM: Histological assessment
of 526 symptomatic carotid plaques in relation to the nature and timing
of ischemic symptoms: the Oxford plaque study. Circulation 2006,
113(19):2320–8. Epub 2006/05/03.
9. Naghavi M, Libby P, Falk E, Casscells SW, Litovsky S, Rumberger J, Badimon
JJ, Stefanadis C, Moreno P, Pasterkamp G, Fayad Z, Stone PH, Waxman S,
Raggi P, Madjid M, Zarrabi A, Burke A, Yuan C, Fitzgerald PJ, Siscovick DS, de
Korte CL, Aikawa M, Airaksinen KE, Assmann G, Becker CR, Chesebro JH, Farb
A, Galis ZS, Jackson C, Jang IK, et al: From vulnerable plaque to vulnerable

Bayer-Karpinska et al. BMC Neurology 2013, 13:201
http://www.biomedcentral.com/1471-2377/13/201

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

patient: a call for new definitions and risk assessment strategies: Part II.
Circulation 2003, 108(15):1772–8. Epub 2003/10/15.
Spagnoli LG, Mauriello A, Sangiorgi G, Fratoni S, Bonanno E, Schwartz RS,
Piepgras DG, Pistolese R, Ippoliti A, Holmes DR Jr: Extracranial thrombotically
active carotid plaque as a risk factor for ischemic stroke. JAMA : the journal
of the American Medical Association 2004, 292(15):1845–52. Epub 2004/10/21.
Hellings WE, Peeters W, Moll FL, Piers SR, van Setten J, Van der Spek PJ, de
Vries JP, Seldenrijk KA, De Bruin PC, Vink A, Velema E, de Kleijn DP,
Pasterkamp G: Composition of carotid atherosclerotic plaque is
associated with cardiovascular outcome: a prognostic study.
Circulation 2010, 121(17):1941–50. Epub 2010/04/21.
Rothwell PM, Eliasziw M, Gutnikov SA, Fox AJ, Taylor DW, Mayberg MR,
Warlow CP, Barnett HJ: Carotid endarterectomy Trialists’ collaboration.
Analysis of pooled data from the randomised controlled trials of
endarterectomy for symptomatic carotid stenosis. Lancet 2003,
361(9352):107–16. Epub 2003/01/18.
Brott TG, Halperin JL, Abbara S, Bacharach JM, Barr JD, Bush RL, Cates CU,
Creager MA, Fowler SB, Friday G, Hertzberg VS, McIff EB, Moore WS,
Panagos PD, Riles TS, Rosenwasser RH, Taylor AJ: 2011 ASA/ACCF/AHA/
AANN/AANS/ACR/ASNR/CNS/SAIP/SCAI/SIR/SNIS/SVM/SVS guideline on
the management of patients with extracranial carotid and vertebral
artery disease: executive summary a report of the american college of
cardiology foundation/american heart association task force on practice
guidelines, and the american stroke association, american association of
neuroscience nurses, american association of neurological surgeons,
american college of radiology, american society of neuroradiology,
congress of neurological surgeons, society of atherosclerosis imaging
and prevention, society for cardiovascular angiography and
interventions, society of interventional radiology, society of
NeuroInterventional surgery, society for vascular medicine, and society
for vascular surgery developed in collaboration with the american
academy of neurology and society of cardiovascular computed
tomography. J Am Coll Cardiol 2011, 57(8):1002–44. Epub 2011/02/04.
Cai JM, Hatsukami TS, Ferguson MS, Small R, Polissar NL, Yuan C:
Classification of human carotid atherosclerotic lesions with in vivo
multicontrast magnetic resonance imaging. Circulation 2002,
106(11):1368–73. Epub 2002/09/11.
Saam T, Ferguson MS, Yarnykh VL, Takaya N, Xu D, Polissar NL, Hatsukami
TS, Yuan C: Quantitative evaluation of carotid plaque composition
by in vivo MRI. Arterioscler Thromb Vasc Biol 2005, 25(1):234–9.
Epub 2004/11/06.
Kwee RM, van Oostenbrugge RJ, Prins MH, Ter Berg JW, Franke CL, Korten
AG, Meems BJ, van Engelshoven JM, Wildberger JE, Mess WH, Kooi ME:
Symptomatic patients with mild and moderate carotid stenosis: plaque
features at MRI and association with cardiovascular risk factors and
statin use. Stroke 2010, 41(7):1389–93. Epub 2010/05/15.
Boussel L, Arora S, Rapp J, Rutt B, Huston J, Parker D, Yuan C, Bassiouny H,
Saloner D, MAPP Investigators: Atherosclerotic plaque progression
in carotid arteries: monitoring with high-spatial-resolution MR
imaging–multicenter trial. Radiology 2009, 252(3):789–96.
Saam T, Cai J, Ma L, Cai YQ, Ferguson MS, Polissar NL, Hatsukami TS, Yuan C:
Comparison of symptomatic and asymptomatic atherosclerotic
carotid plaque features with in vivo MR imaging. Radiology 2006,
240(2):464–72. Epub 2006/07/26.
Parmar JP, Rogers WJ, Mugler JP 3rd, Baskurt E, Altes TA, Nandalur KR,
Stukenborg GJ, Phillips CD, Hagspiel KD, Matsumoto AH, Dake MD, Kramer
CM: Magnetic resonance imaging of carotid atherosclerotic plaque in
clinically suspected acute transient ischemic attack and acute ischemic
stroke. Circulation 2010, 122(20):2031–8. Epub 2010/11/03.
Takaya N, Yuan C, Chu B, Saam T, Underhill H, Cai J, Tran N, Polissar NL,
Isaac C, Ferguson MS, Garden GA, Cramer SC, Maravilla KR, Hashimoto B,
Hatsukami TS: Association between carotid plaque characteristics and
subsequent ischemic cerebrovascular events: a prospective assessment
with MRI–initial results. Stroke 2006, 37(3):818–23. Epub 2006/02/14.
Altaf N, MacSweeney ST, Gladman J, Auer DP: Carotid intraplaque
hemorrhage predicts recurrent symptoms in patients with high-grade
carotid stenosis. Stroke 2007, 38(5):1633–5. Epub 2007/03/24.
Underhill HR, Yuan C, Yarnykh VL, Chu B, Oikawa M, Dong L, Polissar NL,
Garden GA, Cramer SC, Hatsukami TS: Predictors of surface disruption with
MR imaging in asymptomatic carotid artery stenosis. AJNR Am J
Neuroradiol 2010, 31(3):487–93. Epub 2009/10/17.

Page 9 of 10

23. Kwee RM, Truijman MT, van Oostenbrugge RJ, Mess WH, Prins MH, Franke
CL, Korten AG, Wildberger JE, Kooi ME: Longitudinal MRI study on the
natural history of carotid artery plaques in symptomatic patients.
PLoS One 2012, 7(7):e42472. Epub 2012/08/04.
24. Freilinger TM, Schindler A, Schmidt C, Grimm J, Cyran C, Schwarz F,
Bamberg F, Linn J, Reiser M, Yuan C, Nikolaou K, Dichgans M, Saam T:
Prevalence of nonstenosing, complicated atherosclerotic plaques in
cryptogenic stroke. JACC Cardiovasc Imaging 2012, 5(4):397–405. Epub
2012/04/14.
25. Adams HP Jr, del Zoppo G, Alberts MJ, Bhatt DL, Brass L, Furlan A, Grubb RL,
Higashida RT, Jauch EC, Kidwell C, Lyden PD, Morgenstern LB, Qureshi AI,
Rosenwasser RH, Scott PA, Wijdicks EF, American Heart Association/American
Stroke Association Stroke Council; American Heart Association/American Stroke
Association Clinical Cardiology Council; American Heart Association/American
Stroke Association Cardiovascular Radiology and Intervention Council;
Atherosclerotic Peripheral Vascular Disease Working Group; Quality of Care
Outcomes in Research Interdisciplinary Working Group: Guidelines for the early
management of adults with ischemic stroke: a guideline from the american
heart association/american stroke association stroke council, clinical
cardiology council, cardiovascular radiology and intervention council, and the
atherosclerotic peripheral vascular disease and quality of care outcomes in
research interdisciplinary working groups: the american academy of
neurology affirms the value of this guideline as an educational tool for
neurologists. Stroke 2007, 38(5):1655–711.
26. Furie KL, Kasner SE, Adams RJ, Albers GW, Bush RL, Fagan SC, Halperin JL,
Johnston SC, Katzan I, Kernan WN, Mitchell PH, Ovbiagele B, Palesch YY,
Sacco RL, Schwamm LH, Wassertheil-Smoller S, Turan TN, Wentworth D,
American Heart Association Stroke Council, Council on Cardiovascular
Nursing, Council on Clinical Cardiology, and Interdisciplinary Council on
Quality of Care and Outcomes Research: Guidelines for the prevention
of stroke in patients with stroke or transient ischemic attack: a guideline for healthcare professionals from the american heart association/
american stroke association. Stroke 2011, 42(1):227–76.
27. Folstein MF, Folstein SE, McHugh PR: Mini-mental state. A practical
method for grading the cognitive state of patients for the clinician.
J Psychiatr Res 1975, 12(3):189–98. Epub 1975/11/01.
28. Godefroy O, Fickl A, Roussel M, Auribault C, Bugnicourt JM, Lamy C,
Canaple S, Petitnicolas G: Is the montreal cognitive assessment superior
to the mini-mental state examination to detect poststroke cognitive
impairment? A study with neuropsychological evaluation. Stroke 2011,
42(6):1712–6. Epub 2011/04/09.
29. Jorm AF: The informant questionnaire on cognitive decline in the elderly
(IQCODE): a review. Int Psychogeriatr 2004, 16(3):275–93. Epub 2004/11/24.
30. Kronzon I, Tunick PA: Aortic atherosclerotic disease and stroke.
Circulation 2006, 114(1):63–75. Epub 2006/07/05.
31. Saam T, Raya JG, Cyran CC, Bochmann K, Meimarakis G, Dietrich O, Clevert
DA, Frey U, Yuan C, Hatsukami TS, Werf A, Reiser MF, Nikolaou K: High
resolution carotid black-blood 3T MR with parallel imaging and
dedicated 4-channel surface coils. J Cardiovasc Magn Reson 2009,
11:41. Epub 2009/10/29.
32. Gaens ME, Backes WH, Rozel S, Lipperts M, Sanders SN, Jaspers K, Cleutjens JP,
Sluimer JC, Heeneman S, Daemen MJ, Welten RJ, Daemen JW, Wildberger JE,
Kwee RM, Kooi ME: Dynamic contrast-enhanced MR imaging of carotid
atherosclerotic plaque: model selection, reproducibility, and validation.
Radiology 2013, 266(1):271–9. Epub 2012/11/14.
33. Rischpler C, Nekolla SG, Dregely I, Schwaiger M: Hybrid PET/MR imaging of
the heart: potential, initial experiences, and future prospects. J Nucl Med
2013, 54(3):402–15. Epub 2013/02/12.
34. Clevert DA, Sommer WH, Helck A, Saam T, Reiser M: Improved carotid
atherosclerotic plaques imaging with contrast-enhanced ultrasound (CEUS).
Clin Hemorheol Microcirc 2011, 48(1):141–8. Epub 2011/08/31.
35. Weimar C, Goertler M, Harms L, Diener HC: Distribution and outcome of
symptomatic stenoses and occlusions in patients with acute cerebral
ischemia. Arch Neurol 2006, 63(9):1287–91.
36. Cai J, Hatsukami TS, Ferguson MS, Kerwin WS, Saam T, Chu B, Takaya N, Polissar
NL, Yuan C: In vivo quantitative measurement of intact
fibrous cap and lipid-rich necrotic core size in atherosclerotic
carotid plaque: comparison of high-resolution, contrast-enhanced magnetic
resonance imaging and histology. Circulation 2005,
112(22):3437–44. Epub 2005/11/23.

Bayer-Karpinska et al. BMC Neurology 2013, 13:201
http://www.biomedcentral.com/1471-2377/13/201

Page 10 of 10

37. Kerwin W, Xu D, Liu F, Saam T, Underhill H, Takaya N, Chu B, Hatsukami T,
Yuan C: Magnetic resonance imaging of carotid atherosclerosis: plaque
analysis. Top Magn Reson Imaging 2007, 18(5):371–8. Epub 2007/11/21.
38. Saam T, Yuan C, Chu B, Takaya N, Underhill H, Cai J, Tran N, Polissar NL,
Neradilek B, Jarvik GP, Isaac C, Garden GA, Maravilla KR, Hashimoto B,
Hatsukami TS: Predictors of carotid atherosclerotic plaque progression as
measured by noninvasive magnetic resonance imaging. Atherosclerosis
2007, 194(2):34–42. Epub 2006/09/15.
39. Underhill HR, Yuan C: Carotid MRI: a tool for monitoring individual
response to cardiovascular therapy? Expert Rev Cardiovasc Ther 2011,
9(1):63–80. Epub 2010/12/21.
40. Putaala J, Metso AJ, Metso TM, Konkola N, Kraemer Y, Haapaniemi E, Kaste
M, Tatlisumak T: Analysis of 1008 consecutive patients aged 15 to 49
with first-ever ischemic stroke: the Helsinki young stroke registry.
Stroke 2009, 40(4):1195–1203. Epub 2009/02/26.
41. Schwarz F, Bayer-Karpinska A, Poppert H, Buchholz M, Cyran C, Grimm J,
Helck A, Nikolaou K, Opherk C, Dichgans M, Saam T: Serial carotid MRI
identifies rupture of a vulnerable plaque resulting in amaurosis fugax.
Neurology 2013, 19;80(12):1171–2. Epub 2013/03/19.
doi:10.1186/1471-2377-13-201
Cite this article as: Bayer-Karpinska et al.: The carotid plaque imaging in
acute stroke (CAPIAS) study: protocol and initial baseline data. BMC
Neurology 2013 13:201.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

