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Magnetic Resonance Imaging Identified Brain Ischaemia in Symptomatic
Patients Undergoing Carotid Endarterectomy Is Related to Histologically
Apparent Intraplaque Haemorrhage
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WHAT THIS PAPER ADDS

This study investigated the relation between histologically apparent intraplague haemorrhage (IPH) and the
presence of recent brain lesions on diffusion weighted imaging prior to carotid endarterectomy. It was
demonstrated that patients with IPH have an increased risk of developing silent brain ischaemia in the waiting
period between index event and surgery. These results qualify IPH as a potential marker for identifying patients
at risk of recurrent events.

Objective: Intraplague haemorrhage (IPH) has been independently associated with a higher risk of future
ipsilateral stroke in patients with carotid artery stenosis. Evaluation of plaque characteristics may contribute
to risk assessment of recurrent (silent) cerebrovascular events in order to prioritise patients for timing of
treatment. It is unknown if patients showing histologically apparent IPH also have increased risk of silent
ischaemic brain lesions in the waiting period between index event and revascularisation.

Methods: A retrospective analysis was performed based on prospectively collected data of patients included
simultaneously in the magnetic resonance imaging (MRI) substudy of the International Carotid Stenting Study
and Athero-Express biobank. Patients randomised for carotid endarterectomy (CEA) underwent surgery
between 2003 and 2008. Brain MRI was performed one to seven days prior to CEA. Plaques were
histologically examined for presence of IPH. The primary outcome parameter was presence of silent ipsilateral
brain ischaemia on magnetic resonance diffusion weighted imaging (MR-DWI) appearing hypo or isointense
on apparent diffusion coefficient.

Results: Fifty-three patients with symptomatic carotid stenosis meeting the study criteria were identified, of
which 13 showed one or more recent ipsilateral DWI lesion on pre-operative scan. The median time between
latest ipsilateral neurological event and revascularisation was 45 days (range 6—200) in DWI negative patients
vs. 34 days (range 6—74, p = .16) in DWI positive patients. IPH was present in 24/40 (60.0%) DW!I negative
patients vs. 12/13 (92.3%) DWI positive patients (OR 8.00; 95% Cl 0.95—67.7, p = .06). Multivariable logistic
regression analysis correcting for age and type of index event revealed that IPH was independently associated
with DWI lesions in the waiting period till surgery (OR 10.8; 95% Cl 1.17—99.9, p = .04).

Conclusion: Symptomatic patients with ipsilateral carotid stenosis and silent brain ischaemia on pre-operative
MR-DWI, more often showed pathological evidence of IPH compared with those without ischaemic lesions.
This identifies carotid IPH as a marker for patients at risk of silent brain ischaemia and possibly for future
stroke and other arterial disease complications. Such patients may be more likely to benefit from CEA than
those without evidence of ipsilateral carotid IPH.
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tendency to rupture.1 Signs of presence of carotid artery
IPH on magnetic resonance imaging (MRI) or duplex ultra-
sound have been associated with an increased risk of future
cerebrovascular events and IPH is more common in symp-
tomatic patients than in asymptomatic patients.z'3 More-
over, IPH is associated with an increased risk of any type of
secondary cardiovascular event in male patients such as
(fatal) myocardial infarction (M) (fatal) stroke, coronary and
peripheral interventions, and cardiovascular death.”

Risk assessment of recurrent cerebrovascular events
based on plaque characteristics may be helpful for priori-
tising patients for the timing of carotid revascularisation.
Current guidelines recommend that symptomatic patients
with carotid stenosis should be considered (in case of 50%—
69% stenosis) or recommended (in case of 70%—99% ste-
nosis) for treatment within 14 days of the index event.’
Nonetheless, these recommendations have been based on
post hoc analyses of outdated randomised controlled trials
(RCTs) and additionally may not always be feasible due to
pre-hospital or in hospital delay.® Identification of IPH may
help to select patients that are most at risk of recurrent
events and may help to select those in whom urgent
revascularisation may be appropriate.

Ischaemic brain lesions on magnetic resonance diffusion
weighted imaging (MR-DWI) are being used increasingly as a
surrogate marker of ischaemic events for post-operative
outcome after revascularisation as they are associated with
an increased risk of future cerebrovascular events.” To date,
no studies investigating the role of DWI lesions specifically in
the pre-operative period have been performed. One of the
major advantages of assessing the presence of new DWI le-
sions is that they may appear within a few hours after a
thrombo-embolic event and DWI is therefore sensitive to
recent changes. By assessing diffusion restricted brain areas
with  MR-DWI in combination with apparent diffusion
coefficient (ADC), recent infarction can be identified. ADC
maps may show darkening within minutes of stroke onset and
distinguish stroke from “T2 shine through”, which can be seen
later after infarction and appears bright on DWI. Low signal
intensity on ADC persists for about 7—10 days. Up to now, it
has been unclear if carotid plaque characteristics are associ-
ated with these silent brain lesions, identifying them as their
potential source. For this, patients with characteristics of
plaque instability were investigated to see whether they have
an increased risk of silent pre-procedural ischaemic brain
lesions during their waiting period for carotid intervention.

Since thrombo-embolic events are the most common
underlying cause of ischaemic brain lesions in carotid pa-
tients, it is hypothesised that patients showing histologically
apparent signs of IPH in the atherosclerotic plaque (excised
during carotid endarterectomy) are more likely to show
(recurrent) silent ischaemic brain lesions in the waiting
period between index event and revascularisation.

METHODS

A retrospective analysis was performed based on prospec-
tively collected data of patients included simultaneously in
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the MRI substudy of the International carotid stenting study
(IcSS)° and the Athero-Express (AE) biobank study of the
University Medical Centre (UMC) Utrecht.’® Patients that
underwent carotid endarterectomy (CEA) between October
2003 and October 2008 were included with a median
waiting time (defined as the number of days between the
most recent event and surgery) of 44 days. Patients
included in the ICSS were symptomatic (symptoms attrib-
utable to the randomised artery within 12 months before
randomisation) carotid stenosis patients with a stenosis
>50% deemed to require treatment. Symptomatic patients
included those with previous stroke (acute disturbance of
focal neurological function attributed to vascular disease
and of ischaemic origin, lasting more than 24 h), TIA (acute
disturbance of focal neurological function attributed to
vascular disease with recovery within 24 h), or amaurosis
fugax (transient monocular blindness attributed to vascular
disease with recovery within 24 h). The following were
exclusion criteria: previous revascularisation in the rando-
mised artery, contraindications for either treatment and
planned major surgery.'* In the course of the study protocol
of the ICSS MRI substudy, all patients underwent an addi-
tional MRI scan one to seven days before surgery for
assessment of silent brain ischaemia. Carotid plaques were
collected within the AE biobank. There were no additional
exclusion criteria for the AE biobank study other than that
the patient had to be randomised for CEA.

MRI

Primary outcome parameters included ipsilateral ischaemic
lesions on MR-DWI appearing hypo or isointense on
apparent diffusion coefficient (ADC), and its correlation
with intraplaque haemorrhage (see Fig. 1 for an illustrative
timeline). Secondary outcome parameters included pres-
ence of white matter lesions (WMLs) semi-quantitatively
assessed on fluid attenuation inversion recovery se-
qguences by use of the age related white matter changes
(ARWMC) score. White matter lesions and basal ganglia
lesions were both assessed on a 0 to 3 point scale for the
ipsilateral hemisphere and a sum score was used for further
data analyses (see Table Sl for exact definitions).™

Atherosclerotic plaque assessment

After CEA, all atherosclerotic plaques were immediately
processed. The carotid plaque was cut into segments of
5 mm thickness along the longitudinal axis. The segment
with the largest plaque burden was chosen as a culprit
lesion and subjected to histological examination. A more
detailed description can be found in the Supplementary
information. The investigated plaque characteristics result-
ing from immunochemical staining were presence of IPH,
presence of lipid core (>40%), moderate/heavy calcifica-
tions, moderate/heavy collagen, mean number of micro-
vessels per hotspot, percentage of positive macrophage
staining per plaque, and percentage of positive smooth
muscle cell (SMC) staining per plaque.”® IPH was defined as
the composite of plaque bleeding at the luminal side of the
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Figure 1. Timeline illustrating waiting time to revascularisation. Waiting time (indicated by blue arrow)
was defined as the number of days between the most recent event (hemispheric/retinal stroke, transient
ischaemic attack, or amaurosis fugax) and CEA. The red arrow represents the time between latest symptom

and pre-operative MRI. ADC = apparent diffusion coefficient; CEA = carotid endarterectomy;
DWI = diffusion weighted imaging; MRI = magnetic resonance imaging.

plaque as a result of plagque disruption and haemorrhage
within the tissue of the plaque.*”

Clinical outcome

Major cardiovascular events during three years of follow up
were reported, consisting of non-fatal MlI, non-fatal stroke,
and cardiovascular death. M| was reported when at least two
of the following criteria were present: (i) chest pain
for > 20 min, not disappearing after administration of ni-
trates; (ii) ST elevation >1 mm in two following leads or a left
bundle branch block on the electrocardiogram; (iii) creatine
kinase (CK) elevation of at least two times the normal value
of CK and a muscle/brain (MB) fraction > 5% of the total CK.

Statistics

A sample size of at least of 48 patients was required on the
basis of detecting a difference in the proportion of patients
with IPH in the DWI positive group of two times that in the
DWI negative group at a statistically significant level of .05,
80% power, assuming 25% of patients having pre-operative
DWI lesions and 80% of DWI positive patients having IPH.
Data were inspected for patterns of missing values. The
proportion of randomly missing values for baseline char-
acteristics did not exceed 2%. Differences in binary char-
acteristics were analysed with Pearson’s chi square test.
Differences in continuous parameters were calculated with
the Student t test when data were normally distributed and
otherwise using a Mann—Whitney U test. For the ARWMC
score a binary outcome parameter was used based on
median ipsilateral ARWMC score (sum score < 2 compared
with sum score >2). To investigate independent associa-
tions between histological plaque characteristics and pres-
ence of fresh DWI lesions as well as ARWMC score, a
multivariable logistic regression analysis was conducting
correcting for any baseline characteristics with p < .1 in
univariable analysis. Age and type of qualifying event were
also added to the multivariable models since these are
considered as potential confounders based on earlier
described associations with IPH.>*® In case of ARWMC
score, estimated pack years was identified as an additional
potential confounder from univariable analysis and there-
fore included in multivariable analysis. Non-normally

distributed quantitative histological parameters, including
number of microvessels and percentages of macrophage
and SMC staining, required logarithmic transformation
before entering into regression models. SPSS 25.0 (SPSS Inc,
Chicago, IL, USA) was used for all statistical analysis.

RESULTS

Patient characteristics

53 patients met the inclusion criteria of the ICSS-MRI substudy
and were simultaneously included in the AE biobank study.
Qualifying events were major stroke (n = 7), minor stroke
(n = 11), cerebral TIA (n = 28), and amaurosis fugax (n = 7).
Mean waiting time between the latest symptom (stroke/TIA)
and CEA was 51 days (median 44, range 6—200 days)

DWI/ADC lesions

Thirteen (25%) of 53 patients had pre-operative ipsilateral
DWI lesions that appeared hypo or isointense on ADC.
Baseline characteristics of patients with and without recent
DWI lesions are presented in Table 1. No statistical differ-
ences in baseline features were found between the two
groups. In patients with pre-operative ipsilateral DWI lesions,
the mean number of DWI lesions was 2 (median 1, range 1—
6). The mean time between the latest symptom and revas-
cularisation was 56 days (median 45, range 6—200 days) in
the DWI negative group and 36 days (median 34, range 6—74
days, p = .16) in the DWI positive group. The mean time
between latest symptom and MRI was 52 days (median 40,
range 5—198) in DWI negative patients vs. 34 (median 33,
range 4—73, p = .218) in DWI negative patients.

The investigated histological plaque characteristics are
shown in Table 2 for DWI negative and DWI positive pa-
tients. Twenty-four of 40 (60.0%) DWI negative patients
showed IPH on histological assessment, vs. 12 of 13
(92.3%) in DWI positive patients (see example in Fig. 2). A
lipid core of >40% of the total plaque area was present
more often in the DWI negative group (23/40; 57.7%)
than in the DWI positive group (3/13; 23.1%). For other
plague characteristics results were similar between DWI
positive and DWI negative patients. Of the 36 patients
with IPH 12 (33.3%) had pre-operative DWI lesions. Of the
17 patients without IPH one (6%) showed DWI lesions.
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Table 1. Baseline characteristics of ipsilateral diffusion weighted imaging (DWI) negative vs. DWI positive patients
Characteristic® DWI negative (n = 40) DWI positive (n = 13) p value
Mean age + SD — years 68.2 £+ 8.6 69.3 £+ 8.4 .67
Male gender — n (%) 28 (70.0) 11 (84.6) .30
Hypertension — n (%) 26 (65.0) 11 (84.6) .18
Mean systolic blood pressure + SD — mmHg 163 £+ 29 158 £+ 21 72
Mean diastolic blood pressure + SD — mmHg 86 + 15 80 + 13 .26
Blood pressure medication use — n (%) 29 (72.5) 12 (92.3) .14
Diabetes mellitus — n (%) 9 (22.5) 3 (23.1) .97
Hypercholesterolaemia — n (%) 26 (65.0) 8 (61.5) .82
Median LDL (range) — mmol/L 2.50 (0.91-5.80) 1.84 (0.57—4.50) .19
Statin use — n (%) 35 (87.5) 13 (100) .18
Antiplatelet use — n (%) 36 (90.0) 13 (100) .24
Oral anticoagulants — n (%) 6 (15.0) 1(7.7) .50
Currently smoking — n (%) 15 (37.5) 3(23.1) .34
Median estimated pack years (range) 15.0 (0—86) 12.5 (0—65) .46
Mean BMI + SD — kg/m2 25.8 + 3.7 25.0 £ 2.9 .52
History of PAOD — n (%) 8 (20.0) 2 (15.4) .71
History of CAD — n (%) 12 (30.0) 5 (38.5) .57
Qualifying symptom = hemispheric stroke — n (%) 13 (32.5) 5 (38.5) .69

Major stroke — n (%) 3 (7.5) 4 (30.8)

Minor stroke — n (%) 10 (25.0) 1(7.7)

Cerebral TIA — n (%) 21 (52.5) 7 (53.8)

Amaurosis fugax — n (%) 6 (15.0) 1(7.7)
Stenosis grade >70% — n (%) 38 (95.0) 11 (84.6) .22
Median waiting time (range) — days 45 (6—200) 34 (6—74) .16
Median time between event and MRI (range) — days 40 (5—198) 33 (4-73) .22

Data are given as proportion of the group (%), as mean with standard deviation in case of normally distributed data, or as median with range in
case of not normally distributed data. BMI = body mass index; CAD = carotid artery disease; CEA = carotid endarterectomy; DWI = diffusion
weighted imaging; LDL = low density lipoprotein; MRI = magnetic resonance imaging; PAOD = peripheral arterial occlusive disease;
SD = standard deviation; TIA = transient ischaemic attack.

@ Hypertension: previously diagnosed by a doctor or use of antihypertensive drugs. Systolic and diastolic blood pressure were measured on
hospital admission. Blood pressure medication use: use of one or more antihypertensive drugs. Diabetes mellitus: previously diagnosed by a
doctor or use of antidiabetic medication. LDL: mmol/L. measured within 1 month prior to surgery. Antiplatelet use: dipyridamole,
acetylsalicylic, carbasalate calcium, or clopidogrel; anticoagulation: coumarone or direct acting oral anticoagulant. PAOD: defined as a
history of peripheral interventions or intermittent claudication or ankle brachial index <0.7. History of CAD: defined as a composite of
angina pectoris, myocardial infarction, percutaneous coronary intervention, or coronary bypass surgery. Stenosis grade >70%; ipsilateral
stenosis grade >70% as measured by NASCET (North American Symptomatic Carotid Endarterectomy Trial) criteria. Waiting time: number of
days between the most recent event and CEA. Time between most recent event and MRI: number of days between the most recent pre-
operative cerebrovascular event and pre-operative MRI.

Table 2. Odds ratios represent the risk of each of the plaque characteristics for presence of pre-procedural ipsilateral diffusion
weighted imaging (DWI) lesions appearing hypo or isointense on apparent diffusion coefficient (ADC)
Plaque characteristic DWI negative DWI positive OR (95% CI) p value OR (95% CI) p value

(n = 40) (n =13) unadjusted univariable adjusted multivariable
Intraplaque haemorrhage 24 (60.0) 12 (92.3) 8.00 (0.95—67.7) .06 10.8 (1.17—99.9) .04
—n (%)
Lipid core >40% — n (%) 23 (57.5) 3(23.1) 0.22 (0.05—0.93) .04 0.18 (0.04—0.83) .03
Mod/heavy calcifications — n (%) 17 (42.5) 5 (38.5) 0.85 (0.24—3.05) .80 0.82 (0.22—3.04) .77
Mod/heavy collagen — n (%) 31 (77.5) 7 (53.8) 0.34 (0.09—1.27) .11 0.34 (0.09—1.27) .11
Median mean number of 9.15 (0—25) 9.00 (0—18) 1.01 (0.93—1.09) .90 1.01 (0.92—-1.10) .89
microvessels (range)
Median possible macrophage 0.63 (0.01—4.93) 0.74 (0.01—3.74) 1.00 (0.88—1.13) .98 1.01 (0.89—-1.15) .89
staining (range) — %
Median possible SMC staining 1.16 (0.00—5.35) 0.91 (0.01-5.73) 0.97 (0.86—1.08) .55 0.97 (0.86—1.09) .63
(range) — %

ORs are given per 10% increase in case of continuous independent variables. Multivariable analysis was corrected for age and qualifying event.
ADC = apparent diffusion coefficient; CI = confidence interval; CEA = carotid endarterectomy; DWI = diffusion weighted imaging; OR = odds
ratio; SMC = smooth muscle cell.
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Univariable logistic regression showed an odds ratio (OR)
of 8.0 (95% Cl 0.95—67.7, p = .06) for presence of DWI
lesions in IPH positive patients compared with IPH nega-
tive patients. Multivariable logistic regression analysis
with correction for age and type of index event revealed
that IPH was independently associated with the presence
of DWI lesions in the waiting period till surgery (OR 10.8;
95% Cl 1.17—99.90, p = .04). Univariable analysis showed
decreased odds for presence of DWI lesions in patients
with a large (>40%) lipid core (OR 0.22; 95% Cl 0.05—
0.93, p = .04) which remained statistically significant after
correction for age and type of index event (OR 0.18; 95%
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Cl 0.04—0.84, p = .03). Other plaque characteristics did
not show any significant association with development of
DWI lesions in either univariable or multivariable analysis.

In 53 patients a total of 28 DWI lesions were detected of
which 26 were ipsilateral and two were contralateral. Of the
total cohort the mean number of DWI lesions was 0.5
(median 0, range 0—6 lesions). Mean number of ipsilateral
DWI lesions in IPH positive patients was 0.7 (median 0,
range 0—6) vs. 0.1 (median 0, range 0—1) DWI lesions in IPH
negative patients (p = .03). Of the two patients that had a
(single) contralateral DWI lesion, one was IPH positive and
one was IPH negative.

bar, 1 mm).

Figure 2. Typical example of patient presenting with minor stroke in right hemisphere and right
sided carotid stenosis. Magnetic resonance imaging just prior to carotid endarterectomy showed
ipsilateral diffusion weighted imaging lesions (A) appearing hypo-intense with apparent diffusion
coefficient (B). On histological examination the culprit lesion showed intraplaque haemorrhage
quantified using haematoxylin and eosin staining (C; bar, 1 mm) and glycophorine staining (D;
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ARWMIC score

The median ipsilateral ARMWC sum score was 2. Patients
with an ipsilateral ARWMC sum score of <2 (n = 30) were
compared with those with a score > 2 (n = 23). Patients with
a high ARWMC sum score were significantly older
(72.5 4+ 6.5) than patients with a low score (65.3 + 8.6,
p = .002). Other baseline characteristics did not differ be-
tween the two groups, although estimated pack years was
identified as a potential confounder (p = 0.06, see Table SlI).
Univariable analysis showed less macrophage staining in the
high ARWMC group (OR 0.19; 95% Cl 0.05—0.75, p = .02),
which was no longer significant after adjustment for con-
founders in multivariable logistic regression (OR 0.23 95% Cl
0.05—10.0 p = .05), see Table SlII.

Post-operative course

The median follow up period was 3.0 years (IQR 2.9—3.2).
Of the 53 patients, two developed peri-operative (<30
days) stroke, one ischaemic and one haemorrhagic; both
were IPH positive. No additional major peri-operative
events (Ml or death) occurred in either IPH positive or
IPH negative patients. In six additional patients a major
post-operative arterial disease complication (non-fatal
stroke, non-fatal Ml, vascular death) occurred during follow
up: two developed stroke (one ischaemic and one hae-
morrhagic); three suffered from MI and one additional pa-
tient died of another cardiovascular cause (sudden cardiac
death). All but one of these patients were IPH positive; of
the IPH negative patients one patient had MIl. No IPH
negative patients suffered from stroke or died of arterial
disease complication during follow up.

DISCUSSION

This study investigated the presence of recent silent
ischaemic lesions in patients with IPH compared with those
without IPH. It was demonstrated that carotid IPH is asso-
ciated with presence of MR-DWI ischaemic brain lesions in
the waiting period between symptom onset and revascu-
larisation, identifying IPH as the potential pathological
substrate for such lesions.

This finding is in agreement with imaging studies on ca-
rotid plaque characteristics that show that intraplaque
haemorrhage is an independent risk factor for future stroke
or TIA in patients with carotid artery atherosclerosis.*®*’
This study, relating histological data to the development
of silent ischaemic lesions, provides unique insight into the
natural course and pathology in the time leading up to
revascularisation. The results suggest that revascularisation
procedures of patients with IPH should be prioritised over
patients without IPH in order to avert the risk of recurrent
ischaemia. It should be noted that this also applies in case
of a pre- or in hospital delay of >14 days after the index
event. Moreover, a broad consensus on early vs. expedited
treatment is still lacking.®*®%° This study contributes to the
ongoing discussion on this matter by stressing the impor-
tance of eliminating an unstable plaque prior to any (clinical
or subclinical) recurrent event. Although IPH cannot
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specifically identify all patients at risk of recurrent ischaemic
events (silent or symptomatic) as the IPH rate is higher than
the DWI rate, it can help to prioritise those that may benefit
more from a rapid revascularisation procedure. A more
tailored therapy for symptomatic patients based on,
amongst others, plague imaging may be a solution for risk
reduction of individual patients.

One other clinical study has shown that patients with
symptomatic carotid stenosis with IPH are more likely to
develop recurrent cerebrovascular events in the waiting
period until revascularisation.”* This study did not use his-
tological data but MR T1 weighted three dimensional
gradient echo sequence to demonstrate IPH. Reliable
methods for pre-operative assessment of IPH on imaging
are essential for clinical applicability. Over the years, several
studies investigating IPH imaging on MR have been per-
formed using various sequences and protocols.?>** More
recent articles propose magnetisation prepared rapid
acquisition gradient echo (MPRAGE) as one of the most
promising for sequence identification of IPH, with high
sensitivity, specificity and Kk values when validated with
histological data.”* However, the reliability of MR imaging of
IPH in the plague remains limited in the case of smaller
haemorrhages or coexisting calcifications.”*

The presence of a large lipid core was found to be
negatively associated with DWI lesions whereas hyper-
cholesterolaemia, statin use, and low density lipoprotein
levels did not differ between groups. One might expect a
lipid rich necrotic core to be positively associated with
plaque instability and therefore recurrent events. None-
theless, the results are in agreement with earlier research
showing that large lipid core and macrophages are not
associated with any vascular event, although no sub-
analyses specifically for cerebrovascular events were per-
formed in this study.”® Another study comparing
symptomatic with asymptomatic arteries within patients
with unilateral symptomatic carotid stenosis found that IPH,
but not a large lipid core, was more often seen on the
symptomatic side.”® Perhaps the presence of a large lipid
core shows that plaque rupture has not yet occurred and
therefore at this time does not characterise an acute risk of
thrombo-embolism.

The study used MR-DWI in combination with ADC im-
aging as the primary outcome parameter. Presence of DWI
lesions as a surrogate marker for cerebral ischaemia may
become increasingly important, especially considering the
evidence that DWI lesions are associated with a higher risk
of recurrent cerebrovascular events.” In light of the
continuously decreasing stroke rate under improvements in
procedural timing and medical therapy, stroke rate alone is
no longer sufficient for determination of therapeutic stra-
tegies. A surrogate marker for stroke is warranted and use
of DWI as surrogate marker is both biologically plausible
and clinically relevant.”® As the rate of recurrent cerebro-
vascular events in the period up to revascularisation is as
low as 1.6%,”” use of DWI lesions (seen in 25% of this
population) provides the opportunity to detect statistically
significant differences in relatively small patient cohorts.
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No difference was found in ARWMC score between IPH
positive and IPH negative patients. Although one might
hypothesise that plaque instability can contribute to
development of age related white matter lesions via
embolic events,”* convincing evidence of a causal relation
between the two was not demonstrated in earlier studies
either.?®?° A shared aetiology for atherosclerosis and white
matter lesions may be more likely.?

Limitations

Intraplaque haemorrhage was determined histologically
after the plaque was excided during CEA. Considering the
long time interval between symptom onset and surgery, IPH
was not necessarily already present at the moment of the
index event. Relation to signs of IPH on pre-operative im-
aging (MRI/duplex) may have improved the clinical appli-
cability of the data. Additionally, analyses to differentiate
older (healed) IPH from acute IPH were not performed,
although identification of healed IPH on histology is tech-
nically possible as shown in studies of coronary arteries.>®
Furthermore, DWI cannot be used to reliably estimate the
age of an ischaemic lesion. Although ADC values can help to
differentiate from older lesions by excluding T2 shine
through, exact determination of the moment of onset of
these lesions is impossible®* and it cannot be ruled out that
the detected lesions were already present at the time of
hospital presentation.

In the context of clinical relevance, the impact of DWI le-
sions on future cerebrovascular events would have been of
interest. However, MR-DWI performed within a few days after
revascularisation revealed that several patients developed
(new) peri-procedural DWI lesions. Hence, any correlation
between presence of DWI lesions on pre-operative imaging
and future events is clouded by the carotid intervention
shortly after and thus no statements can be made on the
clinical impact of pre-procedural silent ischaemic lesions.

No information was available on the presence or lack of
IPH in other sites of the arterial tree, such as the aortic arch
and the contralateral carotid artery. IPH in the carotid artery
may be a sign of general inflammation and although an
ipsilateral carotid revascularisation procedure contributes
to averting the risk of ipsilateral stroke it does not neces-
sarily reduce the risk of any stroke. Additionally, non-arterial
sources of embolism could not be excluded and any dif-
ferences between patients in quality of medical interven-
tion prior to baseline is lacking.

There is a chance of type Il statistical error or over fitting
of the statistical model as a result of the small patient
cohort. Patients of this study were included between 2004
and 2007 when, under current standards, substantial delay
between hospital presentation and intervention was com-
mon practice. The obtained knowledge is still of surplus
value as prioritising patients may be challenging when
multiple patients qualify for treatment at the same time.
Also, patients with a late hospital presentation sometimes
may be postponed in favour of patients with more recent
events. This study emphasises the relevance of prompt
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action even after more than 14 days since the index event.
This small patient cohort also limits statistical comparison of
the clinical course of IPH positive vs. IPH negative as well as
DWI positive vs. DWI negative patients. Future research
should focus on validation of the results in a large cohort
using both histological data as well as MRI plaque data to
compare development of future cerebrovascular events.

Future perspectives

Symptomatic patients with a low risk of future events based
on several clinical and radiological features are currently
under investigation in the ECST-2 trial randomising between
best medical therapy alone or an additional revascularisa-
tion procedure.®? Assessment of IPH on plaque imaging can
potentially help in stratification of these low risk patients.
Identification of histological IPH as a potential source of
ischaemic brain lesions also suggests that assessment of
plaque characteristics may be useful in decision making on
optimal treatment strategy in asymptomatic carotid steno-
sis patients. Studies on imaging of carotid plaque IPH and
follow up in asymptomatic patients are needed to confirm
this.

A meta-analysis including studies that performed MR
plague imaging on both symptomatic and asymptomatic
patients demonstrated that patients with IPH have an
annualised cerebrovascular event rate of 18% compared
with 2% in those without IPH.*® On the other hand, earlier
research demonstrated that IPH is a common phenomenon
in both symptomatic and asymptomatic patients>> sug-
gesting that plaque complications such as IPH often heal
without giving rise to symptoms and IPH alone may not be
sufficient for risk stratification. Imminent clinical decision
making algorithms should include multiple risk factors as it
has already been demonstrated that such models can reli-
ably predict major cardiovascular events in patients with
carotid artery disease.>* These algorithms should take into
account not only IPH but also other promising diagnostic
tools such as brain imaging for detection of silent infarction
and embolus detection. Prospective observational studies
are running that assess amongst others, baseline MRI
characteristics (both plague and brain) to develop such a
clinically applicable tool for risk stratification.>”

CONCLUSION

In this study, it was demonstrated that MR-DWI identified
silent brain ischaemia in symptomatic patients undergoing
CEA is associated with histologically apparent carotid pla-
que IPH. This qualifies IPH as a potential marker for iden-
tifying patients at risk of these ischaemic brain lesions.
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Do Not Forget to Pull the Graft!

. . * .
Adeline Schwein , Yannick Georg
Department of Vascular Surgery and Kidney Transplantation, University Hospital of Strasbourg, Strasbourg, France

A 71 year old woman presented with a two month history of left lower limb claudication. Her history included an above knee
femoropopliteal bypass using a 7 mm heparin bonded expanded polytetrafluoroethylene graft (Propaten, WL Gore & Associates,
Flagstaff, USA) six months previously for critical limb ischaemia (rest pain). Computed tomography angiography revealed a
thrombosed graft, severely kinked where it lay beneath sartorius (A and B). Lack of appropriate intra-operative graft pulling and
straightening probably caused the problem. This case illustrates the importance of intraoperative quality control after bypass
surgery to prevent kinks or other problems that might hinder flow and predispose to occlusion.
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