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Background—Fatal cerebral herniation is a common complication of large (“malignant”) middle cerebral artery infarcts
but has not been reported in unilateral anterior cerebral artery (ACA) infarction.

Case Description—We report a 47-year-old woman who developed an acute left hemiparesis during an attack of migraine.
Cranial CT (CCT) was normal but demonstrated narrow external cerebrospinal fluid compartments. Transcranial
Doppler sonography was compatible with occlusion of the right ACA. Systemic thrombolytic therapy with tissue
plasminogen activator was initiated 105 minutes after symptom onset. Follow-up CCT 24 hours after treatment revealed
subtotal ACA infarction with hemorrhagic conversion. Two days later, the patient suddenly deteriorated with clinical
signs of cerebral herniation, as confirmed by CCT. An extended right hemicraniectomy was immediately performed.
Within 6 months, the patient regained her ability to walk but remained moderately disabled.

Conclusions—This is the first reported case of unilateral ACA infarct leading to almost fatal cerebral herniation. Narrow
external cerebrospinal fluid compartments in combination with early reperfusion, hemorrhagic transformation, and
additional dysfunction of the blood-brain barrier promoted by tissue plasminogen activator and migraine may have
contributed to this unusual course.(Stroke. 2001;32:649-651.)
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Cerebral herniation is a common and often fatal compli-
cation of large (malignant) middle cerebral artery in-

farcts.1 Infarction involving the much smaller territory of the
anterior cerebral artery (ACA) is usually not expected to
cause life-threatening cerebral herniation. We report a case of
unilateral ACA infarction in which a combination of poten-
tially edema-promoting factors led to marked mass effect
requiring surgical intervention.

Case History
A 47-year-old woman suddenly collapsed while she had a
typical attack of migraine. She had a 29-year history of
migraine without aura, a positive family history of migraine,
but no other cardiovascular risk factors besides 20 pack-years
of cigarette smoking. She did not take any medication except
paracetamol and aspirin for migraine attacks, but none was
taken on the day of the event. She did not use oral contra-
ceptives. On admission, she complained of a right-sided
pulsating headache of moderate intensity, accompanied by
photophobia. She was drowsy and had a left leg plegia, a mild
paresis of the left arm, left-sided hemihypesthesia, and
anosognosia. Cranial CT 55 minutes after symptom onset was
normal; however, the external cerebrospinal fluid (CSF)
compartments appeared to be narrow (Figure 1). On transcra-
nial Doppler sonography, the right ACA was not detectable,
whereas normal flow signals were seen in the remaining

major intracranial arteries. Intravenous thrombolytic therapy
was initiated with recombinant tissue plasminogen activator
(Alteplase) according to the National Institute of Neurologi-
cal Disorders and Stroke Study protocol2 105 minutes after
symptom onset. On transcranial Doppler sonography, a nor-
mal flow signal was detected in the right ACA 12 hours after
thrombolysis. Routine follow-up cranial CT after 24 hours
revealed subtotal right ACA infarction with hemorrhagic
conversion and a mild midline shift. Twelve-lead ECG,
Holter monitoring, transesophageal echocardiography, and
laboratory tests were normal. The patient’s condition re-
mained stable during the next 48 hours, and her mean arterial
blood pressure was between 90 to 100 mm Hg. Migrainous
symptoms subsided completely within 1 day. Forty-eight
hours after the ictus, the patient became drowsy. Within 15
minutes, she was deeply comatose and had a dilated and fixed
right pupil. Immediate administration of mannitol led to
normalization of the right pupil within 10 minutes, but the
patient remained unconscious. Cranial CT demonstrated in-
creased infarct edema, complete obstruction of the external
CSF spaces, and marked horizontal as well as axial herniation
(Figure 2). The patient immediately underwent right hemi-
craniectomy. No further lesions in other arterial territories of
the brain were detected by MRI and diffusion-weighted
imaging a few days after surgery. MR angiography and
venography showed no abnormalities of the major cerebral

Received October 17, 2000; final revision received November 20, 2000; accepted November 20, 2000.
From the Department of Neurology, Stroke Unit, Universitätsklinikum Benjamin Franklin, Freie Universität Berlin, Berlin, Germany.
Correspondence to Hans-Christian Koennecke, MD, Department of Neurology, Stroke Unit, Universitätsklinikum Benjamin Franklin, Hindenburg-

damm 30, 12200 Berlin, Germany. E-mail h.koennecke@keh-berlin.de
© 2001 American Heart Association, Inc.

Stroke is available at http://www.strokeaha.org

649

D
ow

nloaded from
 http://ahajournals.org by on A

pril 11, 2024

http://crossmark.crossref.org/dialog/?doi=10.1161%2F01.STR.32.3.649&domain=pdf&date_stamp=2001-03-01


arteries and veins. After surgery, the patient had a mild left
facial paresis and a severe left hemiparesis equally affecting
her arm and leg. During the next 6 months, she partially
recovered, regaining her ability to walk and carry out most of
the activities of daily living, but she remained moderately
disabled (modified Rankin scale 3).

Discussion
To the best of our knowledge, this is the first reported case of
life-threatening herniation due to an acute unilateral ACA
infarct. The combination of several factors may have contrib-
uted to this unusual course.

Younger age is known to predispose to fatal herniation in
middle cerebral artery infarction, probably because of the
lack of “protective” brain volume loss that is found in older
subjects.3 Thus, our patient’s narrow external CSF compart-
ments diminished the capacity to compensate for an intracra-
nial space-occupying lesion. In addition, brain swelling be-
yond the ACA territory cannot be ruled out on the CT scan,
demonstrating axial herniation (Figure 2). However, MRI,
diffusion-weighted imaging, and MR venography performed
only a few days after surgery gave no evidence of additional
ischemic lesions in the middle cerebral artery territory, edema
due to compressive brain trauma, or a coincidental sinus
thrombosis.

Early reperfusion after spontaneous or fibrinolytic recana-
lization has to be considered as another potential contributor
to edema increase after cerebral infarction. Follow-up trans-
cranial Doppler sonography demonstrated early recanaliza-
tion of the initially occluded ACA in our patient. In animal
models, early reperfusion leads to damage of the blood-brain
barrier with increased edema formation.4 Whether this as-
sumption holds true in human ischemic stroke requires
further investigation in a larger series. In a recent report,
however, the incidence of malignant infarct edema was
higher in ischemic stroke patients treated with tissue plasmin-
ogen activator compared with conventional therapy.5

Hemorrhagic transformation of cerebral infarction is a
common phenomenon, especially after thrombolytic therapy.
However, a retrospective analysis of the first European
Collaborative Acute Stroke Study data revealed that clinical
worsening in patients with hemorrhagic conversion after
thrombolysis is associated only with the most severe form of
transformation (ie, parenchymal hemorrhage).6 Nevertheless,
hemorrhagic conversion in our patient may have played a
role, probably because of the coincidence of other potential
factors increasing edema. Direct effects of blood products are
known to alter the permeability of the blood-brain barrier,
thereby triggering edema formation and possible clinical
worsening.7,8 This assumption is confirmed by the CT-
morphological course in our case, demonstrating an obvious
increase of infarct edema coincidentally with signs of hem-
orrhagic transformation (Figures 1 and 2).

Direct and indirect effects of the thrombolytic agent itself
may further have promoted local brain swelling. Tissue
plasminogen activator specifically converts the thrombin-
bound proenzyme plasminogen to the active enzyme plas-
min.9 In vitro, plasmin causes an increase of permeability in
human vein endothelial cells, directly damages cell mem-
branes, and finally may lead to lysis of endothelial cells.10

Similar effects have been demonstrated in human arterial
endothelium.11 These findings suggest that activation of
plasminogen, as in thrombolytic therapy for ischemic stroke,
might damage the integrity of the blood-brain barrier in
addition to the endothelial effects due to ischemia.7

Finally, the coincidence of a typical migrainous attack with
the onset of ischemic symptoms gives rise to further consid-
erations. The stroke in our patient did not fulfill the criteria of
a migraine-induced cerebral infarct according to the Interna-
tional Headache Society but has to be considered as migraine-
associated.12,13 Migraine is known to activate peripheral
trigeminal fibers with consecutive neurogenic inflammation
of the meninges, possibly leading to vasodilation and in-
creased permeability of the blood-brain barrier.14–16 Clinical
cases like the one reported by Meaney et al,17 who detected a
reversible unilateral cerebral edema by MRI during an attack
of hemiplegic migraine, give further evidence for this
assumption.

In conclusion, only the coincidence of several factors that
potentially intensify postischemic brain swelling, in combi-
nation with the patient’s limited capacity to compensate for
an intracranial mass lesion, facilitated the atypical and unique
course of unilateral ACA infarction leading to cerebral
herniation and almost fatal outcome. However, the signifi-
cance of each factor remains speculative and debatable.
Whether special caution may be warranted in younger pa-
tients with migraine-associated cerebral infarction suitable
for thrombolytic therapy requires further observations of
similar cases.
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Figure 1. CT 55 minutes after symptom onset without early
signs of cerebral infarction. Note narrow external CSF spaces.

Fig 2. Follow-up CT a few minutes after acute clinical deteriora-
tion (coma) demonstrating horizontal and axial herniation.

650 Stroke March 2001

D
ow

nloaded from
 http://ahajournals.org by on A

pril 11, 2024



3. Krieger DW, Demchuk AM, Kasner SE, Jauss M, Hantson L. Early
clinical and radiological predictors of fatal brain swelling in ischemic
stroke.Stroke. 1999;30:287–292.

4. Yang GY, Betz AL, Chenevert TL, Brunberg JA, Hoff JT. Experimental
intracerebral hemorrhage: relationship between brain edema, blood flow,
and blood-brain barrier permeability in rats.J Neurosurg.1994;81:
93–102.

5. Rudolf J, Grond M, Stenzel C, Neveling M, Heiss WD. Incidence of
space-occupying brain edema following systemic thrombolysis of acute
supratentorial ischemia.Cerebrovasc Dis. 1998;8:166–171.

6. Fiorelli M, Bastianello S, von Kummer R, del Zoppo GJ, Larrue V,
Lesaffre E, Ringleb AP, Lorenzano S, Manelfe C, Bozzao L. Hemor-
rhagic transformation within 36 hours of a cerebral infarct: relationships
with early clinical deterioration and 3-month outcome in the European
Cooperative Acute Stroke Study I (ECASS I) cohort.Stroke. 1999;30:
2280–2284.

7. del Zoppo GJ, von Kummer R, Hamann GF. Ischaemic damage of brain
microvessels: inherent risks for thrombolytic treatment in stroke.J Neurol
Neurosurg Psychiatry. 1998;65:1–9.

8. Yang GY, Betz AL. Reperfusion-induced injury to the blood-brain barrier
after middle cerebral artery occlusion in rats.Stroke. 1994;25:1658–1664
[discussion 1664–1665].

9. Beauchamp NJ Jr, Barker PB, Wang PY, van Zijl PC. Imaging of acute
cerebral ischemia.Radiology. 1999;212:307–324.

10. Okajima K, Abe H, Binder BR. Endothelial cell injury induced by
plasmin in vitro.J Lab Clin Med. 1995;126:377–384.

11. Yamada Y, Yokota M. Direct interactions of plasminogen activators with
human aortic and pulmonary artery endothelial cells in vitro: implications
for thrombolytic therapy.J Cardiovasc Pharmacol.1996;27:629–635.

12. Deleted in proof.
13. Welch KM, Levine SR. Migraine-related stroke in the context of the

International Headache Society classification of head pain.Arch Neurol.
1990;47:458–462.

14. Meyer JS, Hata T, Imai A, Zetusky WJ. Migraine and intracranial
swelling.Lancet. 1985;2:1308–1309.

15. Moskowitz MA, Macfarlane R. Neurovascular and molecular mech-
anisms in migraine headaches.Cerebrovasc Brain Metab Rev. 1993;5:
159–177.

16. Buzzi MG, Bonamini M, Moskowitz MA. Neurogenic model of migraine.
Cephalalgia. 1995;15:277–280.

17. Meaney JF, Williams CE, Humphrey PR. Case report: transient unilateral
cerebral oedema in hemiplegic migraine: MR imaging and angiography.
Clin Radiol. 1996;51:72–76.

Leistner et al Transtentorial Herniation After ACA Infarction 651

D
ow

nloaded from
 http://ahajournals.org by on A

pril 11, 2024


