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Case Report

Transcranial Doppler of a Paradoxical Brain Embolism
Associated with a Pulmonary Arteriovenous Fistula

Kazumi Kimura, Kazuo Minematsu, Kuniyasu Wada, Masahiro Yasaka, Masafumi Tagaya, Sachio Kuribayashi, and
Takenori Yamaguchi

Summary: We herein report the case of a patient who had
paradoxical brain embolism owing to a pulmonary arterio-
venous fistula (PAVF) who was diagnosed as having a
right-to-left shunt by transcranial Doppler (TCD) with sa-
line contrast medium. TCD with saline contrast medium
failed to detect any high-intensity transient signals imme-
diately after catheter embolization of the PAVF. Thus,
TCD with saline contrast medium was useful for identify-
ing the presence of a right-to-left shunt and for confirming
that the shunt had been obliterated after endovascular
treatment.

Recently, transcranial Doppler (TCD) with saline
contrast medium has been reported to be useful for
detecting right-to-left shunts, including patent fo-
ramen ovales, atrial septal defects, and pulmonary
arteriovenous fistulas (PAVFs) (1). We herein re-
port the case of a patient who had paradoxical brain
embolism associated with a PAVF who was suc-
cessfully treated by radiologic intervention after
being diagnosed by TCD with saline contrast me-
dium to have a right-to-left shunt. TCD with saline
contrast medium provided a real-time demonstra-
tion of the disappearance of a right-to-left shunt
immediately after catheter embolization of a PAVF.

Case Report
A 62-year-old right-handed woman was admitted to the Na-

tional Cardiovascular Center because of the sudden onset of
aphasia and right-sided hemiparesis 1 hour after the onset of
stroke. The patient had experienced a transient speech distur-
bance 1 month before admission. She did not have any epi-
sodes of hemoptysis or dyspnea, either before or after admis-
sion. At the time of her admission, her blood pressure was
104/60 mm Hg, and she had a regular heart rate of 66 beats
per minute and a respiratory rate of 16 breaths per minute.
Neither pathologic breath sounds nor heart murmurs were aus-
cultated, and no edema was present in her extremities. No cu-
taneous vascular malformations were observed. Neurologic ex-
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aminations revealed that the patient had aphasia and right
hemiparesis. Laboratory findings showed normal blood cell
counts, normal liver and renal functions, and normal serum
cholesterol and blood glucose levels. Plasma protein C and
antithrombin III levels were within a normal range, but D-
dimer was at 2.4 mg/mL and thrombin-antithrombin III com-
plex was at 4.22 mg/L, both of which were above normal lev-
els. Arterial blood gas analysis revealed hypoxemia, with a
PaO2 of 75.5 mm Hg and a PaCO2 of 44.2 mm Hg in
room air.

At the time of admission, the patient’s chest X-ray and ECG
readings were normal. Sonography of the cervix with color-
coded Doppler failed to show any abnormalities but rather
showed normal blood flow velocities in the common carotid
and vertebral arteries. In addition, the results of transthoracic
ECG were also normal and a CT scan of the brain showed no
abnormalities. Two hours after the onset of stroke, intra-arterial
digital subtraction angiography revealed an intraluminal filling
defect at an ascending branch of the left middle cerebral artery
(MCA) (Fig 1A). As a result, 240,000 IU of urokinase was
promptly administered locally through a microcatheter, and
disappearance of the filling defect was detected angiographi-
cally (Fig 1B). We diagnosed the patient as having an embolic
infarction, but the source of the infarction could not be deter-
mined. The next day, a CT scan of the brain revealed a hy-
podense area in the striatocapsular region of the left MCA.
The IV administration of heparin (15,000 units/day) was begun
on day 2. We transtemporally performed TCD using a 2-MHz
transducer (Neurogurd, Medasonics) for 30 minutes to detect
embolic signals from the left MCA, but no high-intensity tran-
sient signals (HITS) were found. The patient’s neurologic def-
icits improved gradually until they disappeared 7 days after the
onset of stroke.

Five days after the onset of stroke, TCD with saline contrast
medium was performed to examine the presence of the right-
to-left shunt. The TCD with saline contrast medium study was
performed using a mixture of saline solution (9 mL) and air
(1 mL), agitated between two 10-mL syringes that were con-
nected by a three-way stopcock. The solution was injected into
the right antecubital vein within 2 to 3 seconds. The TCD with
saline contrast medium showed multiple HITS from the left
MCA, not only during a Valsalva maneuver but also during
normal breathing (Fig 1C). The results indicated the presence
of a continuous right-to-left shunt. On the same day, trans-
esophageal ECG with saline contrast medium showed a sig-
nificant entry of saline contrast medium into the left atrium
through the pulmonary veins, suggesting the presence of a
PAVF. Twelve days after the onset of stroke, a contrast-en-
hanced CT scan of the chest revealed a small nodular lesion
connected with pulmonary artery and vein branches in the low-
er lobe of the right lung. Twenty-two days after the onset of
stroke, a ventilation-perfusion lung scintigraphy revealed a
perfusion defect in the right lower lung. Venography of the
bilateral lower limbs failed to reveal any filling defect in the
deep veins. Selective pulmonary angiography performed 32
days after the onset of stroke showed a simple PAVF in the
lower right lobe (Fig 1D). We diagnosed the patient at this
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FIG 1. Images from the case of a 62-
year-old right-handed woman who experi-
enced the sudden onset of aphasia and
right-sided hemiparesis 1 hour after the
onset of stroke.

A, Cerebral angiogram shows the intral-
uminal filling defect (arrow) at an ascend-
ing branch of the left MCA 2 hours after
the onset of symptoms.

B, After 240,000 IU of urokinase was ad-
ministered locally through a microcatheter,
the filling defect disappeared.

C, Administered before embolization
therapy of the PAVF, TCD with saline con-
trast medium during normal breathing
shows many high-intensity transient sig-
nals (arrows) from the left MCA 5 days af-
ter the onset of stroke.

D, Selective pulmonary angiography
shows a PAVF (arrow) in the right lower
lobe.

E, After embolization therapy with me-
tallic coil, the feeding vessel to the PAVF
is completely occluded.

F, TCD with saline contrast medium
failed to reveal any HITS immediately after
embolization therapy of the PAVF.
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point as having paradoxical brain embolism associated with an
isolated PAVF.

Thirty-six days after the onset of stroke, the PAVF was em-
bolized with Embolization Coil (Cook, Bloomington, IN)
while monitoring HITS by TCD (Fig 1E). Although multiple
HITS were detected, the TCD with saline contrast medium
failed to detect any HITS immediately after the feeding vessels
had been occluded (Fig 1F). The results indicated that the
right-to-left shunt was successfully embolized.

After embolization therapy, PaO2 (78.1 mm Hg in room air)
improved slightly. D-dimer (,0.1 mg/mL), and thrombin-an-
tithrombin III complex (0.68 mg/L) both became within a nor-
mal range. On day 43, the patient was free of neurologic def-
icits and was thus discharged.

Discussion
Hereditary hemorrhagic telangiectasia, or Rendu-

Osler-Weber syndrome, is frequently associated
with PAVFs. Hereditary hemorrhagic telangiectasia
has been found in 36% of patients with isolated
PAVFs and in 57% of patients with multiple PAVFs
(2). It is characterized by multiple dermal, mucosal,
and visceral telangiectasia associated with recurrent
bleeding. The patient whose case is reported herein
had a simple PAVF without evidence of vascular
malformations in other organs.

PAVFs are usually asymptomatic but occasion-
ally cause hemoptysis and dyspnea (3). Because
PAVFs are associated with an extracardiac direct
communication between the pulmonary artery and
vein, they have the potential to cause paradoxical
embolism (4, 5). Embolization therapy of PAVFs
is reportedly useful in preventing further ischemic
events (6). A diagnosis of PAVF can be made by
a combination of chest X-ray, CT scan of the chest,
pulmonary angiography, and contrast-enhanced
ECG. Chest X-rays are not always useful for de-
tecting PAVFs. Remy et al (7) reported that a con-
ventional CT scan of the chest could identify 98%
of all PAVFs, whereas pulmonary angiography did
so in only 60% of cases. PAVFs smaller than 0.5
mm in diameter cannot be visualized by conven-
tional angiography.

TCD is a reliable and noninvasive technique that
can show intracranial hemodynamic changes. Re-
cently, TCD with saline contrast medium was
found to be a useful, noninvasive, bedside tool for
detecting the presence of a right-to-left shunt in pa-
tients with unknown causes of embolic stroke (1).
In the present case, TCD with saline contrast me-
dium revealed multiple HITS without the need for
provocative steps, such as a Valsalva maneuver or
cough. The results in the present case suggested the
presence of a PAVF or a large patent foramen ovale
with an increase in right atrial pressure owing to
pulmonary hypertension.

TCD has been used to monitor flow velocity
changes in the MCA during percutaneous translu-
minal angioplasty of the carotid artery and also in
the treatment of arteriovenous malformations and
giant aneurysms (8). Moreover, TCD may have the
potential to reveal microembolic signals. Recently,
HITS have been detected during carotid endarter-

ectomy, and percutaneous transluminal angioplasty
and stenting of the carotid artery (9-11). HITS are
a marker of an increased risk of intraoperative em-
bolic brain infarction.

In the present patient, HITS detected by TCD
with saline contrast medium disappeared immedi-
ately after PAVF embolization. Yeung et al (12)
reported, in their case study, that TCD with saline
contrast medium revealed multiple HITS even after
PAVF embolization therapy. If TCD with saline
contrast medium shows HITS after embolization of
a PAVF, the following issues should be considered:
first, if PAVF embolization therapy is not success-
ful and further embolization is needed; and second,
other PAVFs may exist, considering that multiple
PAVFs occur in 20% of all patients. Therefore,
when PAVFs are treated with coil embolization
therapy, TCD monitoring is very useful for con-
firming the disappearance of a right-to-left shunt
during PAVF embolization therapy.

Conclusion
In this experience, TCD with saline contrast me-

dium was useful for identifying the presence of a
right-to-left shunt as well as for confirming that the
shunt had been obliterated after endovascular
treatment.
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