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Summary. A nine year old girl died with a massive infarct of the right 
cerebral hemisphere causing transtentorial and foramen magnum herniation. 
The infarction was secondary to an idiopathic dissecting aneurysm. The 
case is unusual in that the supraclinoid segment of the right internal carotid 
artery, the anterior cerebral artery, and the middle cerebral artery and its 
three branches were embedded and sectioned longitudinally. The dissection 
commenced in the supraclinoid segment of the right internal carotid artery, 
extended into the middle and anterior cerebral arteries, and was accompanied 
by thrombosis of the false lumen. A literature review of 20 pediatric cases 
indicates the malignant natural course of the disease (76% mortality in 
the first two months), and emphasizes the characteristic angiographic "string 
sign". The diagnosis of cerebral arterial dissection during life depends on 
angiography and a high index of suspicion. 

Key words: Dissecting aneurysm - Pediatric stroke - Intracranial vascular 
disease - Angiographic "string sign". 

Introduction 

Among the relatively uncommon strokes afflicting infants, children, and adoles- 
cents (1) is a small group of dissecting aneurysms of intracranial arteries reported 
with increasing frequency in recent years. A literature review discloses 20 cases 
under 19 years of age: to 1959, there were three; in the decade 1960-1969, 
there were six; and from 1970 onward eleven cases have been reported. With 
the exception of Wolman's (1959) and Fisher et al.'s (1978) description of two 
cases, all the others have been single case reports. 

The more frequent publication of cases in the present decade suggests several 
possibilities: (a) the entity of intracranial dissecting aneurysms in the pediatric 
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age group is becoming more widely recognized (adult cases are more prevalent, 
though still uncommon)" (b) anatomic pathologists, particularly pediatric pathol- 
ogists and neuropathologists, are examining the cerebral vasculature more care- 
fully; (c) the entity is becoming more prevalent, with the implication that envi- 
ronmental factors, including psychologic stress, diet, and various pollutants, 
play a contributory role, since it appears improbable that a dramatic change 
in the genetic pool has occurred. 

In reporting another case, we wish to publicize the occurrence of intracranial 
arterial dissection in the pediatric population; by analyzing the reported cases, 
common etiologic, pathologic, or pathogenetic features may be uncovered which 
might prove of assistance in diagnosis and management of such patients. Our 
case concerns a nine-year old girl who died with massive infarction of the 
right cerebral hemisphere secondary to dissection and thrombosis of the supracli- 
noid segment of the internal carotid artery and its major branches. 

Case Report 

A previously healthy 9 year old Black girl developed sudden, right-sided headache followed by 
lethargy and twitching of the left arm and left side of  the mouth. Physical examination revealed 
lethargy, left hemiparesis, a left Babinski sign, and left bomonymous hemianopia. Lumbar puncture 
at another hospital demonstrated clear CSF under normal pressure, containing 140 erythrocytes 
per mm 3, and normal levels of protein and glucose. 

At transfer to Georgetown University Hospital the next day she was obtunded and her head 
and eyes deviated to the right. Initial studies showed normal erythrocyte sedimentation rate, clotting 
studies and echocardiogram, and negative sickle ceil preparation and vasculitis screen. A urinary 
sodium nitroprusside test was weakly positive, but a quantitative 24 h amino acid study revealed 
no homocystine. Computerized tomography demonstrated a low density zone consistent with infarc- 
tion in the distribution of the right middle and anterior cerebral arteries and midline shift to 
the left. A tapering occlusion of  the supraclinoid portion of the internal carotid artery without 
collateral flow was evident on selective angiography (Fig. 1). The patient was placed on Dexametha- 
sone for elevated intracranial pressure due to edema. 

The following morning the patient became increasingly more stuporous; dilatation of the 
right pupil indicated transtentorial herniation. A subdural pressure monitor registered an initial 
pressure of 37 mm Hg, which, after head elevation and Mannitol infusion, fell to 5 mm Hg. Later 
that evening further pupillary dilatation and decerebrate posturing were noted. Intubation and 
hyperventilation (to a pCOz of  20-25 mm Hg) reduced intracranial pressure from 80 to 40 mm Hg. 
In spite of steroids, mannitol and hyperventilatiofi, the patient had fixed, dilated pupils and no 
spontaneous respirations, 12 h later. Four days after the initial event she was pronounced dead 
and respirator care was terminated. 

Autopsy Findings 

The body was that of a well-nourished, well-developed nine year old Black 
female without unusual physiognomy or body habitus. Except for a few lipid 

Fig. I. Right lateral carotid arteriogram demonstrates that the the lumen of the supraclinoid segment 
of the internal carotid arthery is markedly narrowed ("string sign") and the middle and anterior 
cerebral arteries occluded 

Fig. 2. Transverse section of intracavernous segment of right internal carotid artery, showing splaying 
and reduplication of elastic lamina (VVG; • 17) 
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plaques in the aortic arch there were no lesions in the heart or large vessels 
from which emboli could derive. Patchy staphylococcal bronchopneumonia was 
present bilaterally. There were supernumerary renal arteries, but no evidence 
of fibromuscular dysplasia, cystic medial degeneration, or vasculitis in the major 
arteries of the body. 

The brain weighed 1,350 g and was asymmetric, with the right cerebral 
hemisphere larger, softer, and paler. The gyri of both hemispheres were flattened 
and the sulci obliterated; a prominent right uncal groove and angulation and 
bruising of the right oculomotor nerve indicated transtentorial herniation. Both 
cerebellar tonsils were wrapped about the lower medulla oblongata and were 
displaced into the foramen magnum. The right internal carotid artery in its 
supraclinoid portion as well as the right middle cerebral artery were distended 
with solid, dark blue thrombus. 

Cross sections of the terminal segments of each carotid siphon showed dupli- 
cation and irregularity in thickness of the internal elastic lamina (Fig. 2). The 
supraclinoid segment of the right internal carotid artery, the anterior and middle 
cerebral arteries, and the proximal stems of the branches at the middle cerebral 
artery trifurcation were embedded longitudinally as a unit (Fig. 3A). Multiple 
sections were obtained and stained with hematoxylin-eosin (HE), Masson's tri- 
chrome, luxol-fast blue hematoxylin-eosin (LFB-HE), Verhoeff-van Gieson 
elastica (VVG), phosphotungstic acid-hematoxylin (PTAH), periodic acid-Schiff, 
Alcian blue, and Hale's colloidal iron. 

The distal 7 mm of the supraclinoid segment of the right internal carotid 
artery showed dissection between the internal elastic lamina and the media, 
largely in the anterior and medial wall; the true lumen was compressed to 
a narrow slit, while the false channel was filled with laminated thrombus 
(Fig. 3B). The right middle cerebral artery was dissected for the entire length 
of 11 mm. along the anterior wall, and thrombus occluded the false lumen 
(Fig. 3 C). At the trifurcation of the middle cerebral artery, the superior (ante- 
rior) division showed extension of the dissection for over 9 mm, with thrombosis 
of the false lumen; the posterior (inferior) division was occluded by thrombus, 
and a segment of dislodged elastica projected "downstream" from the middle 

Fig. 3.A Longitudinal section of right internal carotid artery (ICA) ; middle cerebral artery (MCA) 
and its major Sylvian branches: Temporo-polar (TP), superior division (SD), and inferior division 
(ID) ;and anterior cerebral artery (A CA). The false lumina of these vessels, except the temporopolar 
branch, are occluded with thrombus (PTAH ; • 4.4), B Section of internal carotid artery illustrating 
the closely apposed elastic laminae, virtually obliterating the true lumen (arrow). The false channel 
is filled with laminated thrombus. (PTAH; x 67). C Longitudinal section of middle cerebral artery 
demonstrating slit-like true lumen (arrow) outlined by apposed elastic laminae. The elastic lamina 
has been stripped from the superior wall of the vessel and the false channel is filled with thrombus 
(VVG; x 17). D The temporopolar branch is patent, but the superior and inferior divisions are 
occluded. The elastica has been stripped from the superior wall of the superior division. A segment 
of elastica from the middle cerebral artery has been carried "downs t ream"  into the inferior division. 
(VVG; x 17). E In the superior division, the lumen (arrow) is again reduced to a narrow slit 
by the dissection along the superior wall. The intervening false channel is occluded by thrombus, 
in which curled-up fragments of dislocated elastica are embedded (VVG; x 44). F Longitudinal 
section of the anterior cerebral artery again demonstrates subintimal dissection along the upper 
wall with compression of the true lumen by thrombus in the false lumen. (VVG; x 44) 
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cerebral artery ; the temporopolar  branch was uninvolved (Fig. 3 D). A polymor- 
phonuclear leukocytic infiltrate was present in the wall at the trifurcation of 
the MCA. In its branches, flap-like sheets of  the internal elastic membrane 
were seen closely applied to the opposing wall; curled-up fragments of the 
elastica were embedded in the thrombus (Fig. 3 E). The anterior cerebral artery 
was dissected for 14 mm along its superior wall (Fig. 3F), though focally the 
dissection appeared to be circumferential. The recurrent artery of Heubner 
and anterior communicating artery were uninvolved. 

Intimal fibrous plaques in the siphon of both internal carotid arteries stained 
very intensely with Alcian blue and Hale's colloidal iron; significant deposits 
of acid mucopolysaccharides were not seen in the aorta and extracranial arteries. 

The cerebral hemisphere in the distribution of the right middle cerebral 
artery exhibited acute ischemic change of neurons, congestion of blood vessels 
with margination and early infiltration of polymorphonuclear leukocytes, exten- 
sive edema, and pallor of myelin staining in the white matter. Sommer's sector 
of the right hippocampus also appeared acutely ischemic, but diencephalon 
and lentiform nucleus were intact. The right occulomotor nerve demonstrated 
extravasation of  erythrocytes and smudged, pale-staining myelin, as commonly 
seen with transtentorial herniation. 

Discussion 

Review of Table 1 reveals that fourteen males and seven females were affected ; 
whether this apparent predilection for males indeed indicates a trend or only 
chance variation in a small sample cannot be determined. Two patients had 
bilateral dissections of the internal carotid artery/middle cerebral artery systems, 
at intervals of six weeks (Adelman et al., 1974; Chang et al., 1975). The artery 
at greatest risk is the middle cerebral artery, being involved nineteen times 
(counting the bilateral cases); either singly (seven times) or conjointly with 
the internal carotid artery (eleven times) and/or anterior cerebral artery (seven 
times). No side was preferentially affected. The basilar artery was the site of 
dissection in two patients; in both, the intramural hemorrhage occurred in 
the media, not in the subintimal plane between elastica and media observed 
in the other 17 cases. The two cases of Fisher et al. (1978) were diagnosed 
by angiography and are still living. 

The morbidity and mortality data disclose that twelve of the 21 patients 
died within one week of the dramatic onset of an intracranial catastrophe. 
Four  more patients died within two months of sequelae related to the arterial 
dissection, including the two with bilateral dissections; these two died within 
one week of the second intramural hemorrhage (Adelman et al., 1974; Chang 
etal. ,  1975). By contrast, angiographically proved occlusive cerebrovascular 
disease of childhood has a better prognosis; 14 of 16 were alive after one 
year and one-third had no residual hemiparesis (Solomon et al., 1970). Similarly, 
among 16 pediatric patients with cerebral artery aneurysms, largely giant saccular 
and fusiform or mycotic aneurysms, Amacher and Drake (1975) obtained excel- 
lent operative results in 50%, and an overall mortality of only 38 %. Significantly, 
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dissecting aneurysm during infancy, at one year of age or less, permitted survival 
of all three patients; two are apparently still alive, up to nineteen years later 
(Wolman, 1959; Shillito, 1964), while the third died of tuberculosis at 15 years 
of age (Norman and Urich, 1957). Dissecting aneurysms during infancy thus 
appear less frequently and rapidly lethal than those occurring in childhood; 
perhaps the still open fontanels prevent excessive increase in intracranial pressure 
and transtentorial herniation accompanying the cerebral hemispheral infarction 
and edema. The two cases of Fisher et al. (1978) are adolescents in whom 
the diagnosis of dissecting aneurysm was made by the typical angiographic 
"string sign" 

Diagnosis of arterial dissection during life depends on angiography and 
a high index of suspicion. Ojemann et al. (1972), Hochberg et al. (1975), and 
Fisher etal .  (1978) describe the angiographic picture of the "string-sign" as 
characteristic a long segment of an artery having a tapering and very narrow 
lumen, and accompanied by eccentric stenosis. Descriptively, this feature was 
also recorded in three other cases (Jacob etal. ,  1970; Adelman etal. ,  1974; 
Chang et al., 1975) but no significance was attached by the observers. Only 
Johnson et al (1977), recognized the "string sign" as indicative of arterial dissec- 
tion. In adult patients, Giedke et al. (1975) maintain that the only absolutely 
characteristic angiographic feature of a dissecting aneurysm is the demonstration 
of a double lumen. In this regard, Chang et al. (1975) report, "The right anterior 
cerebral artery was irregularly stenotic, with what appeared to be bands across 
the lumen". 

Management of such cases is still largely a matter of applying general princi- 
ples for massive cerebral infarction with edema, intracranial compartment shifts, 
and elevated intracranial pressure. Attempts at definitive, reconstructive vascular 
surgery have not as yet been made, except by endarterectomy of the cervical 
portion of the internal carotid artery in adults (Ojemann et al., 1972; Roome 
and Aberfeld, 1977). Anticoagulant therapy converts the ischemic infarct into 
a fatal hemorrhagic one (Hochberg et al., 1975). 

A number of etiologic or pathogenetic factors has been implicated for dissect- 
ing aneurysms of intracranial arteries. It is interesting that in two of the first 
three cases reported, Wolman (1959) suggested congenital medial defects as 
causal. Trauma was deemed responsible in three (Ritchie, 1961 ; Dourov et al., 
1964; Nelson and Styri, 1968), and a possible contributing factor in three more 
cases (Sato etal. ,  1971; Adelman etal. ,  1974; Johnson etal.,  1977). Intense 
physical exertion was considered a major factor in three cases (Pikula et al., 
1973; Fisher etal. ,  1978). Fibromuscular dysplasia (Hirsch and Roessmann, 
1975), probable periarteritis nodosa (Wisoff and Rothballer, 1961), and congeni- 
tal or acquired deficiency of elastica (Chang et al., 1975) were considered to 
be underlying causes, each in one case. In six cases the authors found no 
recognizable predisposing condition (Norman and Urich, 1957; Shillito, 1964; 
Hayman and Anderson, 1966; Jacob et al., 1970; Hochberg et al., 1975; Gagne 
et al., 1977). 

Homocystinuria has recently been established as an inborn error of metabo- 
lism associated with intimal injury, systemic arterial and venous thrombosis, 
and strokes in childhood (Gerritsen and Waisman, 1972). The majority of pa- 
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tients with this hereditary disease have also ectopia lentis, skeletal deformities 
resembling Marfan's disease, cutaneous abnormalities and variable degrees of 
intellectual deficit. According to Gibson et al. (1964), the aorta and large and 
small arteries of patients with homocystinuria have symmetric or eccentric depo- 
sits of metachromatic material and fibrous tissue in their intima as well as 
irregular thickening and fraying of the elastic lamellae. Large vessels also have 
pools of acid mucopolysaccharides in the media. McCully (1969) reported similar 
intimal fibrosis and elastica degeneration but without metachromasia, i.e., acid 
mucopolysaccharides. These observations must be balanced with those of Chang 
et al. (1975); in a systematic study of the middle cerebral arteries in two children 
dying from causes other than dissecting aneurysm, they found focal splitting 
and irregularity of the elastic lamina in addition to intimal pads and cushions 
at arterial branch points. The implication is that such changes may be very 
pre'(alent in the pediatric age group and not necessarily indicative of homocystin- 
uria. These morphologic changes might nevertheless predispose to arterial dissec- 
tion (Johnson et al., 1977). 

In our case, intimal fibrous plaques staining metachromatically with Alcian 
Blue and Hale's colloidal iron were present in the cerebral arteries; the elastica 
of the terminal portions of both internal carotid arteries was splayed. The 
aorta and extracranial arteries did not demonstrate significant deposits of acid 
mucopolysaccharides in the media. We have no biochemical proof for the exis- 
tence of homocystinuria. Our patient was of average intelligence, and did not 
have an abnormal body habitus; thus, the possibility of homocystinuria is ex- 
cluded. 

In the assessment of pediatric strokes, more common predisposing factors 
should be considered first, such as congenital heart disease, hematologic disor- 
ders (acute leukemias, hemophilia, sickle cell disease), trauma, infection and 
vasculitis, vascular malformations, migraine, and homocystinuria (Lagos and 
Siekert, 1969; Gold et al., 1973). Once these entities are ruled out by appropriate 
studies, the typical angiographic features and high index of suspicion may permit 
the antemortern diagnosis of dissecting aneurysm. 
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