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Small Rosarylike Infarctions in the Centrum
Ovale Suggest Hemodynamic Failure

Hilmar Krapf, Bernhard Widder, and Martin Skalej
BACKGROUND AND PURPOSE: Lesions in the centrum ovale may be classified as microan-
giopathic (lacunar) lesions and hemodynamic infarctions. To distinguish between them, a size
of more than 2 cm has been postulated for hemodynamic infarctions. The reliability of this
criterion was assessed with MR imaging.

METHODS: In 16 patients with unilateral or bilateral occlusion or high-grade stenosis of the
internal carotid artery (ICA), CO2 testing revealed an ipsilateral hemodynamic failure. Each
hemisphere in these patients was assessed separately for the presence and size of centrum ovale
lesions.

RESULTS: Five of the 16 patients suffered from large cortical infarctions with a probable
embolic pathogenesis. In the remaining 11 patients (22 hemispheres), a hemodynamic failure
was found in 15 hemispheres, due to occlusion (13 hemispheres) or high-grade ICA stenosis
(two hemispheres). MR imaging revealed centrum ovale infarctions with a size of more than 2
cm in three of the 15 hemispheres. In eight hemispheres, multiple small lesions (<1.5 cm; three
to 30 per hemisphere) could be found with a rosarylike or sickle-shaped distribution. In none
of these eight cases did MR images show lacunar infarctions in the typical regions of the brain.

CONCLUSION: Our results favor the assumption that the MR finding of multiple small
(<1.5 cm) rosarylike lesions in the centrum ovale seems to be typical in patients with
hemodynamic failure due to severe ICA disease.
Cranial CT is an established method for classifying
cerebral ischemia (1–8). Infarctions have been di-
vided into territorial lesions with a thromboembolic
origin, lesions in the terminal and borderzones with a
hemodynamic origin, and lacunar lesions due to ce-
rebral microangiopathy. In instances of insufficient
collateralization across the circle of Willis and lepto-
meningeal anastomosis, hemodynamic infarctions
may develop in patients with high-grade internal ca-
rotid artery (ICA) stenosis or occlusion. Relative to
other types of stroke, however, such hemodynamically
induced infarctions are rare (5, 9, 10); only a few such
cases have been reported (1, 11–15). Even in patients
with ICA occlusion, embolic strokes are far more
common than low-flow infarctions (1, 16, 17). CT
studies have been used to separate hemodynamic
infarctions into two main groups: 1) terminal zone
infarctions with a strictly subcortical involvement and
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a location in either the paraventricular (corona ra-
diata) or the supraventricular (centrum ovale) white
matter (18, 19); and 2) watershed or borderzone in-
farctions with a predominantly cortical and nonterri-
torial extension (4, 6, 7).

In contrast, lacunar lesions are usually character-
ized as small defects with a round or ovoid shape and
a diameter of less than 1.5 cm (2, 3, 20). Such infarc-
tions have been significantly associated with hyper-
tension or diabetes and are thought to be caused by
disease in the small arteries. Their predominant lo-
cations are the territories of the deep perforating
arteries, especially the basal ganglia, the thalamus,
the internal capsule, and the brain stem. However, a
review of four pathologic studies comprising 994 la-
cunae, found 10% to be located in the centrum ovale,
which is served by long medullary penetrating
branches of the superficial cerebral arteries (21).
Therefore, in differentiating hemodynamic infarc-
tions from microangiopathic lacunar lesions in the
centrum ovale, previous CT and MR imaging studies
have postulated a characteristic size of more than 2
cm for the diagnosis of hemodynamically caused isch-
emia (5, 22).

To assess the reliability of this criterion, we retro-
spectively analyzed centrum ovale lesions on MR im-
ages in patients with severe carotid artery disease who
were known to have insufficient intracranial collater-
79
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alization. The latter can be evaluated by measuring
the relative increase in cerebral blood flow (CBF)
during stimulation of the intracerebral arterioles ei-
ther by augmentation of the arterial pCO2 (CO2 test)
or by intravenous administration of acetazolamide
(Diamox test). The resulting cerebrovascular reserve
capacity (CVR) gives quantitative information as to
whether the intracerebral arterioles can dilate fur-
ther. In the case of hemodynamic failure due to in-
sufficient collateralization, the arterioles are already
maximally dilated at normal blood pressure levels and
cannot react to drops in blood pressure with further
dilation.

Methods
During a 15-month period, we investigated the ipsilateral

CVR of each patient with asymptomatic/symptomatic high-
grade stenosis (.70% luminal reduction) or occlusions of the
extra- or intracranial ICA by transcranial Doppler sonography
of the middle cerebral artery (MCA) using different states of
normo-, hyper-, and hypocapnia (Doppler CO2 test). In most
cases the findings of vascular disease were based on color-
coded duplex sonography, which has proved to have a high
accuracy in depicting the degree of stenosis (23) as well as in
differentiating subtotal stenosis from occlusion (24). Only in a
few unclear cases was the diagnosis confirmed by intraarterial
digital subtraction angiography.

The technical details of the Doppler CO2 test have been
published previously (10, 25, 26). Briefly, patients were asked
to hold their breath as long as possible. Afterward, they were
requested to hyperventilate moderately. If the relative increase
in MCA blood flow velocity during hypercapnia, and respective
decrease during hypocapnia, reached at least 15% as compared
with normocapnia, a relevant reduction in CVR was excluded.
Patients with abnormal and/or ambiguous findings underwent
an additional, more sophisticated test, including continuous
monitoring of end expiratory CO2 and administration of car-
bogen gas (5% CO2 in 95% 02) to produce a more defined
hypercapnic state. A relative increase of at least 10% in MCA
blood flow velocity per vol% CO2 was considered sufficient
CVR, while increases of 3% to 9% were assumed to be dimin-
ished. Increases below this value and/or a decrease in flow
during hypercapnia were thought to represent an exhausted
CO2 reactivity. A decrease in MCA flow on the occluded side
even during CO2 stimulation may be due to physiological low-
ering of vascular resistance on the contralateral normal hemi-
sphere; therefore, the collateral flow toward the affected side,
which is already weak during normocapnia, is further reduced.
This is erroneously called “intracerebral steal effect.”

Of 64 patients with at least a unilateral highly diminished or
exhausted CVR, MR images were available for 16. In these 16
patients, each hemisphere was examined on a 0.5- or 1-T MR
system, and images were obtained with the following parame-
ters: T1-weighted (600/30 [TR/TE]) and T2-weighted (2500/
40,90) double spin-echo sequences with 5-mm-thick axial sec-
tions, continuously or with a 1-mm intersection gap, and a
256 3 256 image matrix.

Five of the 16 patients had cortical territorial infarctions of
the MCA of probable thromboembolic origin. In the remaining
11 patients, lesions in the centrum ovale could be detected in at
least one hemisphere. The MR images of these 11 patients
were included in the final analysis. The diameter of each lesion
was measured quantitatively, and all lesions were transferred to
standardized axial sections (Fig 1).

Results
The clinical data for the 11 patients (seven men and

four women; 34 to 63 years old; mean age, 48 years)
are summarized in the Table. Seven patients had
unilateral ICA occlusion, three patients had bilateral
ICA occlusions, and one patient had bilateral high-
grade stenosis of the siphon. Thus, severe disease was
found in 15 ICAs. CO2 testing revealed hemodynamic
failure in each corresponding hemisphere (eight 5
CVR exhausted, seven 5 CVR highly diminished).

In eight of 15 hemispheres in the centrum ovale,
multiple small lesions (three to 30 per hemisphere)
with a diameter of less than 1.5 cm could be detected
ipsilateral to a hemodynamic failure. In most cases,
especially in patient 1 (Fig 2), there was a rosarylike
distribution of the lesions, meaning that the small
infarcts were strung together like beads. In two of the
eight hemispheres, there was also involvement of the
cortex with infarctions in the borderzone between the
territories of the middle and anterior cerebral arter-
ies. Transient ischemic attacks (TIAs) (n 5 5) and/or
minor strokes (n 5 3) were the most common events
in this group (see Table).

In three of the 15 hemispheres with hemodynamic
failure, MR imaging revealed centrum ovale infarc-
tions with a maximal extension of 7.0 cm (patient 6),
6.2 cm (patient 7), and 2.8 cm (patient 2) (Fig 1). In
all three cases there was involvement of the peri- and
supraventricular white matter. An additional cortical
infarct was found in the frontal borderzone in patient 6.

Three of the 15 hemispheres had no ischemic le-
sion. In one hemisphere, a cortical (thromboembolic)
MCA infarction was seen (patient 9, left side); this
case was not excluded owing to the presence of bilat-
eral ICA occlusions with multiple small infarcts in the
contralateral right centrum ovale.

Ipsilateral to a mildly (n 5 6) or moderately (n 5 1)
stenosed ICA, CO2 reactivity and MR imaging find-
ings were normal.

Discussion
With the use of MR imaging, we have found that a

clear-cut distinction between hemodynamic infarc-
tions and microangiopathic lacunar lesions in the cen-
trum ovale is more complex than previously thought.
In the present study, only three hemispheres had
infarctions with a diameter of more than 2 cm, fulfill-
ing the postulated criterion for a hemodynamic lesion
(5, 22). However, we believe that although they had
diameters of less than 1.5 cm, the small lesions of the
centrum ovale in eight hemispheres may be catego-
rized as hemodynamic infarctions for the following
reasons:

● All infarctions (n 5 8) were located in the centrum
ovale ipsilateral to an occluded or highly stenosed ICA.
Ipsilateral to a mild or moderate ICA stenosis (n 5 7),
the centrum ovale was quite normal in all cases.
● Concomitant cortical infarcts involved the frontal bor-
derzone (n 5 2).
● None of these patients had additional lesions in the
typical lacunar regions of the brain.
● The ipsilateral CO2 reactivity was highly diminished
(n 5 4) or exhausted (n 5 4) in all patients with small
centrum ovale infarcts, and previous studies have shown
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a close correlation between a highly diminished CVR and
the presence of low-flow infarctions (12, 13, 15, 27).

Characteristically, we found only multiple small
supraventricular lesions, none was isolated. In most
patients, the lesions affected the terminal zone in a
sickle-shaped distribution. Similar CT findings have
been reported in several studies using methods other
than the Doppler CO2 test to evaluate cerebral
hemodynamics.

In their analysis of the angiographic occlusion pat-
tern of the extra- or intracranial arterial system in 30
patients with low-flow infarcts on CT scans, Mull et al
FIG 1. Synopsis of the MR findings in 11 patients with hemodynamic failure. R 5 right, L 5 left, X 5 hemodynamic failure.
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(14) found a noncompetent circle of Willis in 29 of 30
cases. In their study, small chainlike lesions (,2 cm)
were observed in 22 of 30 cases, whereas only eight of
30 patients in their study showed confluent infarctions
of more than 2 cm. CVR was not investigated in every
case, and MR images were available in only 14 of the
30 cases. Our results are in accordance with the study
of Dettmers et al (12), who used the xenon-133
method to determine the specific CO2 reactivity in
watershed and terminal supply infarctions. Bladin et
al (11) also described large confluent lesions in only
six of 18 patients with internal watershed infarctions.
The other 12 patients had partial, small, nonconfluent
lesions in the terminal zone on CT scans.
Synopsis of vascular and clinical findings in 11 patients with hemodynamic failure

Patient Age, y/Sex
Percentage of ICA
Stenosis/Occlusion

CO2 Reactivity
Corresponding Clinical

Signs/Symptoms

1 55/F 100% L Diminished Recurrent TIA 1 minor stroke
40% R

2 50/F 100% R Diminished TIA, 2 episodes
,30% L

3 34/F 100% L Diminished Hemicrania 1 TIA
0% R

4 42/M 100% R Diminished Dementia
0% L

5 41/M 100% R Diminished TIA
,30% L

6 62/M 100% L Exhausted TIA 1 minor stroke
,30% R

7 40/M 100% R Exhausted Major stroke
,30% L

8 45/M 100% R Exhausted TIA 1 minor stroke
100% L Diminished None

9 63/M 100% R Exhausted TIA
100% L Diminished TIA 1 minor stroke

(territorial infarct)
10 45/F Bilateral high-grade Exhausted, R Minor stroke

siphon stenosis Exhausted, L None
11 55/M 100% R Exhausted None

100% L Exhausted None
FIG 2. MR images (top row) and CT scans (bottom row) in patient 1.
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Using positron emission tomography to study ICA
occlusions, Yamauchi at al (15) found that in five
patients with ICA occlusion, the presence of merging
lesions (as seen on MR images) in the centrum ovale
was associated with a decreased CBF and an elevated
oxygen extraction fraction. A similar trend was found
in our patients, indicating that there might be a cor-
relation between the size of infarction and the degree
of CVR impairment: in two of three patients with
large hemodynamic lesions, the CO2 reactivity was
totally exhausted, with an intracerebral steal effect in
case 7. Pathophysiologically, patients with an intrace-
rebral steal effect seem to have the highest risk for
hemodynamic stroke (28).

The small size of the lesions may be explained by
the fact that in the case of an ICA occlusion the
reduced blood flow may not have the same influence
on the terminal medullary penetrating arteries of the
superficial MCA branches. The territories of these
arteries are not interdigitating and the vessels do not
freely anastomose with one another nor with the
deeper lenticulostriate perforators. Nevertheless, a
continuous capillary network provides a weak collat-
eral flow (29). Therefore, in some terminal arteries,
the perfusion may still be sufficient, while in other
territories the blood flow reaches critical values even
during normal drops in blood pressure. From the
pathophysiological point of view, the size of the le-
sions does not seem to be a reliable criterion for
differentiating a hemodynamic from a microangio-
pathic origin. In the end, small and large centrum
ovale infarcts may have similar pathogeneses, while
small infarcts may result from slight, short drops in
blood pressure in patients with impaired hemody-
namics, large centrum ovale infarcts may be caused by
a more acute and longer-lasting impairment of the
cerebral perfusion. Therefore, small centrum ovale
infarcts may be considered precursors to a more pro-
found event (30).

The presence of small, single MR imaging lesions in
the terminal zone has previously been documented by
Bogousslavsky et al (18). In 26 of their 36 patients,
however, they found no close correlation between the
presence of single centrum ovale infarctions with a
diameter of less than 1.5 cm and severe carotid artery
disease. Hypertension and diabetes were thought to
occur significantly more frequently in these patients
than in the 10 patients with large centrum ovale in-
farctions (.1.5 cm). They therefore concluded that
small, single infarctions in the centrum ovale should
be related to microangiopathy. However, the statisti-
cal approach of the study has been the subject of
some controversy (30). An analysis of the reported
vascular sonographic findings shows that hemody-
namic infarctions could not be excluded in five of the
26 patients with single, small infarcts: three patients
had ipsilateral ICA occlusions and two others had
high-grade stenoses.

In regard to the clinical findings in our study, seven
of eight patients with small hemodynamic infarctions
had a TIA or minor stroke, with mild neurologic
deficits. In several cases the clinical symptoms could
not be distinguished from lacunar syndromes (2).
Moreover, one patient (case 4) displayed diffuse neu-
ropsychological symptoms, resulting in the initial and
misleading diagnosis of dementia.

In the majority of cerebral ischemic events, CT may
be sufficient to differentiate ischemic from hemor-
rhagic strokes and to depict thromboembolic isch-
emia. In six of our patients in whom both CT and MR
imaging findings were available, however, CT scans
failed to show the presence or the complete spread of
small lesions in the centrum ovale. In patients with
severe carotid artery disease, this may be a relevant
restriction, since these infarctions may be considered
persistent risks for a hemodynamic event. An in-
creased stroke risk in patients with impaired cerebral
hemodynamics has been established in several fol-
low-up studies (26, 28, 31).

Conclusion
The MR imaging finding of multiple small sickle-

shaped or rosarylike lesions involving the centrum
ovale seems to be typical in patients with hemody-
namic failure due to severe carotid artery disease.
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