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 Introduction 
 Dissection of a cervical artery supplying the brain is a major 

cause of stroke in young adults. It can occur spontaneously, in con-
nection with an underlying disorder such as fi bromuscular dyspla-
sia,  �  1 -antitrypsin defi ciency, hypertension, migraine, atheroscle-
rosis, arteritis or Marfan’s disease  [1, 2] . More often, it is related to 

a neck trauma. In the case of a vertebral artery dissection, a vessel 
wall can be injured through abrupt or continuous neck movements, 
regardless of visible outward signs of neck trauma. The fi rst clinical 
symptoms – occipital headache, neck pain and vertigo – can be as-
sociated with focal neurological defi cits of varying severity, from 
transient ischemic attacks up to complete ischemia in the vertebro-
basilar territory  [3] . 

 Dissection of the vertebral arteries is most accurately diagnosed 
with conventional digital subtraction angiography (DSA). In recent 
years, this procedure is being increasingly replaced by noninvasive 
techniques, such as magnetic resonance imaging (MRI), MR angi-
ography and duplex ultrasonography  [4–7] . We describe a trau-
matic dissection of the left vertebral artery in the distal V2 segment 
which was initially not recognized using extracranial duplex sonog-
raphy – although the examination had been carried out with a view 
to this very possibility. 

 Case Report 
 A few days before admission, this 40-year-old white woman had 

already complained about recurring episodes of vertigo and nausea 
that sometimes lasted for up to 1 h. In addition, the patient com-
plained about occipital headache and recurring scotoma, similar to 
those scotomas she knew from migraine attacks, although these 
were much more prolonged. She had no personal or family history 
of thromboembolic disease, no genetic disorder and did not smoke 

Fig. 1–3. Findings in a 40-year-old woman with a dissection of the left vertebral artery in a V2/V3 segment after 
a moderate head and neck trauma, i.e. a blow on the temple from the pole of a garden umbrella, 2 weeks before 
the onset of the clinical symptoms.
Fig. 1. MRI and DSA fi ndings. a MRI image showing multiple lesions of high signal intensity in the left cerebel-
lar hemisphere (arrows). b DSA fi ndings of the left vertebral artery show a short narrowing at the atlas loop and 
a proximal enlargement of the vessel lumen at about the level of the C3 vertebra (arrow).
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or use oral contraceptives. About 10 days before admission, the 
patient was struck on the left temple by the pole of a garden um-
brella, which resulted in a hematoma. 

On admission, the initial clinical examination revealed a nor-
mal neurological state except for a discrete horizontal spontaneous 
nystagmus beating to the left side. From the start, a traumatic dis-

Fig. 2. Color-coded duplex ultrasonography 
fi ndings 2.5 weeks after the trauma. a View 
of the midcervical course of the left verte-
bral artery (between the V4 and V3 cervical 
vertebrae) showing a normal Doppler pulse 
curve and a normal-appearing vessel lumen 
with a diameter of 3.9 mm. b In an exami-
nation focusing on the segment at the level 
of the C3 vertebra, a distal enlargement of 
the vessel lumen can be recognized. (Diam-
eter of the vertebral artery proximally from 
the C3 vertebra is 3.9 mm, distally from the 
C3 vertebra 5.6 mm.) The delineation of the 
vessel wall is irregular – a typical fi nding in 
the case of a dissection. c, d View of an in-
timal fl ap (arrows), which can be seen as a 
structure independent of the vessel wall, 
pulsating in synchronization with the car-
diac cycle in the lumen of the vertebral ar-
tery at the point of entry of the vessel into 
the transverse foramen of the third verte-
bra. Video sequences No. 1 (c) and No. 2 
(d).

section of the vertebral artery was an early consideration. However, 
the initial sonographic examination showed no pathological fi nd-
ings in the extracranial course of the vertebral arteries. The MR 
angiography was also normal. The MRI scan showed multiple small 
lesions and a leptomeningeal enhancement in the left cerebellar 
hemisphere ( fi g. 1 a).
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 Two days after admission, the patient suddenly complained of 
an increase in rotational vertigo and nausea. In consequence, a car-
diovascular investigation, follow-up continuous-wave Doppler so-
nography, transcranial Doppler sonography and color-coded du-
plex ultrasonography were carried out, but all showed normal fi nd-
ings. No evidence was found for the suspected dissection in the 
extracranial course of the left vertebral artery. Because of the pro-
gressing cerebellar symptoms, a selective DSA of the cervical and 
cerebral arteries was performed on the same day. 

 This revealed a short stenosis of the vertebral artery at the tran-
sition of the V2 to the V3 segment. Several irregularities and an 
enlargement of the vessel wall were seen prior to stenosis ( fi g. 1 b). 
In view of these angiographic fi ndings, a further color-coded duplex 
ultrasonography of the extra- and intracranial vertebral arteries was 
performed. A special examination was made of the segment be-
tween the C3/C2 cervical vertebrae, which showed the vessel wall 
to have an irregular surface with a moving intimal fl ap. This ap-
peared as a structure independent of the vessel wall that moved in 
synchronization with the cardiac cycle ( fi g. 2 ). 
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 The patient was then treated with anticoagulants for 6 months. 
Neurological symptoms disappeared within the fi rst 3 days and re-
mained absent. The ultrasonographic follow-up during the subse-
quent 6 months showed healing of the intravascular lesion ( fi g. 3 ). 

 Discussion 
 With the progress of high-resolution ultrasonographic tech-

niques, it is increasingly possible to noninvasively diagnose dissec-
tion of an extracranial vertebral artery  [8, 9] . Duplex ultrasonogra-
phy can reveal conditions that vary from irregular thickening of the 
vessel wall without hemodynamic alteration to major structural le-
sions  [10] . 

 In our study of 24 patients with 28 extracranial vertebral ar-
tery dissections, the most frequent dissection site was the en-
trance of the vertebral artery in the transverse foramen of the C6 
verte bra – in the midcervical course, between the V1 and V2 seg-
ments  [11] . In this region, the artery is possibly exposed to the 
greatest mechanical injury. Particularly in this region, the verte-
bral artery is also easily accessible for color-coded duplex ultra-
sonography. 

 The second most frequent site is the origin (segment V0/proxi-
mal V1 segment) of the vertebral artery. Additionally, alterations 
in the vessel wall can be imaged directly  [12] . 

 In contrast, a dissection located in the V3 segment, at the atlas 
loop or at the craniocervical transition point, cannot be visualized 
directly on the screen. The diagnosis of a stenosis or occlusion in 
this region is based only on indirect signs recorded in the midcervi-
cal course, such as a high resistance fl ow pattern indicating a dis-
tally obstructed fl ow  [10] . 

 In our patient, a dissection was localized in this very cranial 
V2 segment and in the V3 segment, and was initially overlooked 

Fig. 3. Follow-up 6 weeks after the exami-
nation shown in fi gure 2. Examination in 
the cranial V2 segment of the left vertebral 
artery (in the same sonographic plane as 
displayed in fi gure 2b). The enlargement of 
the vessel in the cranial area is less promi-
nent. (Diameter of the vertebral artery 
proximally from the C3 vertebra is 3.8 mm, 
distally from the C3 vertebra 4.6 mm.) The 
vessel wall is better delineated (arrow); 
however, in the segment located distally 
from the C3 vertebra, an irregular surface 
can still be recognized. The pulsating inti-
mal fl ap is no longer visible. Video sequence 
No. 3.

in the sonographic study because no signs of a distal fl ow obstruc-
tion were present in the well-visible midcervical course. This can 
be explained by a dilation of the vessel lumen at the level of the 
C3 vertebra as displayed with angiography ( fi g. 1 b). The advan-
tage of duplex sonography only became apparent with the control 
examination, which consequently focused on the area detected 
angiographically. Here, a movement, namely an intimal fl ap, 
could be visualized reproducibly in the vessel lumen in real time 
( fi g. 2 c, d, video sequences No. 1 and 2). Follow-ups during the 
subsequent 6 months showed healing of the intima tear which also 
resulted in improvement in the clinical status ( fi g. 3 , video se-
quence No. 3). 

 In conclusion, if a dissection is located in a segment which can-
not be displayed by duplex ultrasonography, conventional angiog-
raphy, MR angiography or MRI with fat suppression technique can 
fi nd and narrow the area of diagnostic focus. The advantage of du-
plex sonography then lies in its ability to produce, in real-time and 
in subsequent follow-ups, an exact representation of the alterations 
localized via angiography. 
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     Introduction 
 Systemic intravenous thrombolysis in stroke patients improves 

long-term clinical outcome when administered within 3 h following 
onset of the neurological defi cit  [1] . Therefore, systemic intrave-
nous thrombolysis has been established as a fi rst-line therapeutic 
strategy in patients admitted for stroke meeting specifi c criteria 
with cerebral hemorrhage being the main complication  [1] . Since 
then, thrombolyis has proven to be cost-effective  [2, 3] , but only 
less than 4% of stroke patients currently benefi t from thrombolytic 
treatment  [4] . 

 Although cardioembolism is the cause of 20–40% of all 
strokes  [5, 6]  and 26% of patients with an acute ischemic stroke 
or a transient ischemic attack have an intracardiac thrombus  [7, 

8] , the risk for systemic embolism from a pre-existing intracar-
diac thrombus in stroke patients is unknown  [9] . Here we report 
a patient who received systemic thrombolysis for stroke and who 
developed a fi nally fatal embolic MI from a presumably pre-ex-
isting atrial thrombus 2 h after initiation of systemic thrombol-
ysis. 

 Case Report 
 A 62-year-old woman with a medical history of atrial fi bril-

lation, arterial hypertension, diabetes mellitus and obesity was 
admitted to the emergency room for acute left brachiofacial 
hemiparesis and forced gaze deviation to the right. Initial labo-
ratory evaluation showed unremarkable cardiac enzymes and 
coagulation parameters. A brain CT was normal except for a 
right hyperdense middle cerebral artery (MCA) pointing to oc-
clusion of the vessel. The electrocardiogram (ECG) showed atri-
al fi brillation. Systemic thrombolysis with intravenous rt-PA 
(6.3 mg bolus, 56.7 mg for 1 h) was administered according to 
the guidelines of the NINDS rt-PA Stroke Study Group  [1]  start-
ing two hours after the onset of the neurological symptoms. Two 
hours after rt-PA treatment the patient developed cardiogenic 
shock, required catecholamine therapy and was intubated for 
mechanical ventilation. ST segment elevations characteristic of 
anterior myocardial infarction appeared in ECG leads V2-V6 
with reciprocal ST segment depression in the leads II, III and 
aVF. At this time creatine kinase (CK), creatine kinase-MB (CK-
MB), and troponin T (TnT) levels were within normal limits. 
Immediate coronary angiography showed a complete occlusion 
of the left anterior descending coronary artery (LAD) and an 
abrupt occlusion of a small posterolateral branch of the left cir-
cumfl ex coronary artery. The residual coronary arterial tree was 
smooth without any lumen irregularities. Rescue percutaneous 
transluminal coronary angioplasty (PTCA) of the LAD was per-
formed with a 25% residual diameter stenosis and a delayed 
distal run off of the contrast dye (grade II fl ow according to the 
Thrombolysis In Myocardial Infarction (TIMI) classifi cation for 
coronary reperfusion) suggesting microcirculatory thromboem-
bolism. Transesophageal echocardiography showed decreased 
left ventricular ejection fraction due to extended anterior, an-
teroseptal and apical akinesia. The left atrium was enlarged, 
while spontaneous echocontrast was documented and a large 
inhomogeneous mass (1.8  !  2.3 cm) consistent with a thrombus 
adjacent to the lateral atrial wall was detected. Twelve hours af-
ter PTCA CK rose to 3,040 U/l (CK-MB 196 U/l) and TnT lev-
els increased to 17.98  � g/l. The patient showed hemodynamic 
deterioration and died within 24 h in global cardiac failure re-
fractory to intensive medical therapy. 

 Discussion 
 This patient had a fatal embolic MI after systemic thromboly-

sis for stroke. Key clinical fi ndings were a past medical history 
with atrial fi brillation, a previously unknown pre-existing throm-
bus in the left atrium, a right hyperdense MCA as a feature of large 
artery occlusion leading to acute ischemic stroke, and an abrupt 
occlusion of the LAD without atheromatous alterations on coro-
nary angiography as the cause for acute MI. These changes strong-
ly suggest a thromboembolic etiology of both the stroke and the 
MI most likely originating from the left atrial thrombus. Both 
thromboembolic events may be explained by spontaneous frag-
mentation of the inhomogeneous mass in the left atrium, but con-


