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Cryptogenic stroke might relate to paradoxical embolism stem-
ming from right-to-left shunt caused by patent foramen ovale
(PFO). We performed radionuclide venography using the Val-
salva maneuver, followed by **mTc-macroaggregated albumin
(MAA) brain SPECT to investigate the fate of emboli originating
from the lower extremities. Methods: Ten patients (9 men, 1
woman; mean age, 61 * 17 y) with PFO underwent radionuclide
venography with and without the Valsalva maneuver on the
whole-body image, followed by brain SPECT with **mTc-MAA to
determine the cortical uptake that would detect right-to-left
shunt. After counts in each region of interest (ROI) were normal-
ized by comparison with the averaged count, the distribution of
MAA was compared with that of %mTc—hexamethyl-propylene-
amine oxime (HMPAO) brain SPECT by drawing ROls on frontal,
temporoparietal (anterior circulation territory), occipital, and cer-
ebellar areas (posterior circulation territory). Results: The thy-
roid on the whole-body scan was visualized after the Valsalva
maneuver in 2 of the 10 patients. In 7 of 10 patients, 56 ROls in
the visualized cortical uptake showed that the distribution of
MAA correlated well with that of HMPAO according to the
equation: HMPAO = —71.21 + 1.71 X MAA, (r = 0.575, P <
0.01). The excess difference in the relative counts in the poste-
rior over anterior circulation territory was 5.6% and 16.1% of the
HMPAO and MAA values, respectively. Conclusion: Brain
SPECT with 9mTc-MAA was more sensitive than thyroid visu-
alization in detecting right-to-left shunt. The excess flow in the
posterior cerebral circulation indicated an increased likelihood
of cerebral emboli originating from the lower extremities and
indicated that the flow difference between HMPAO and MAA
probably resulted from poor linearization of HMPAO in the high-
flow area.
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paradoxical embolism caused by right-to-left shunt, such as
patent foramen ovale (PFO), especially in younger patients
(age, <55 y) (24). If PFO is present, the relative risk of
developing cerebral infarction becomes 7.2—10 times higher
than with healthy patients$5(6). Transesophageal echocar-
diography (TEE) is superior to transthoracic echocardiog-
raphy (TTE) in identifying PFO 1-9). The size of the
foramen ovale correlates with the occurrence of brain in-
farction (L0); the Valsalva maneuver is more sensitive in
detecting PFO compared with the basal conditidii).
Venography performed on patients with cerebral emboliza-
tion to survey deep vein thrombosis diagnosed only 9.5%
with cryptogenic strokel(2). However, deep vein thrombo-
sis should be looked for carefully in patients with crypto-
genic stroke, because understanding the etiology of ische-
mic stroke is useful for the treatment of such patients. A
radioactive tracer exceeding 10m in diameter can be
visualized in the brain after injection into veins of the lower
extremities in patients with right-to-left shunt, because em-
bolic distribution through patent foramen ovale is frequent
during stroke affecting posterior circulatiohd).

We compared the visualization of thyroid and cortical
uptake with or without the Valsalva maneuver to detect
right-to-left shunt. We also assessed the regional distribu-
tion of possible emboli from veins of lower extremities to
the brain using®™Tc-macroaggregated albumin (MAA)
brain SPECT after radionuclide venography in patients with
PFO confirmed by TEE.

MATERIALS AND METHODS

The severity of shunt was assessed by TEE using Lethen’s
criteria, namely+, ++, and +++, representing< 10, 10-50,
and> 50 microbubbles/3 s, respectively, with contrast ect®).(
Radionuclide venography was performed twice to survey deep
vein thrombosis—once under basal conditions and once after the

_bOUt 40% of ,'SChem,IC Stmkes are not identified a(fepeated Valsalva maneuver. In other words, “with Valsalva” for
cording to conventional criterid). Most authors agree that 45 ¢ and “without Valsalva® for 15 s was repeated during an

this type of cryptogenic stroke probably occurs because iﬂfection of 185 MBG®™Tc-MAA (Nihon Mediphysics Co. Ltd.,
Nishinomiya, Japan) into both dorsal veins. One tourniquet was
placed above the malleoli and one each was placed above and
below the knee. Whole-body images of radionuclide venography
were obtained from the injection site to the brain at a sweep speed
of 80 cm/min. We assessed visualization of the thyroid with or
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cortical uptake was visualized in all patients with atrial

Positive septal aneurysm (Table 1). Analysis of 56 ROIs from these
B 45 -— o e 7 patients showed that the distribution of MAA correlated
E‘z :‘ :'i {:' B » \I? { : well with that of HMPAO according to the following equa-
¥ Eair? G i i Y . 4§ tion: HMPAO = —71.21+ 1.712X MAA (r = 0.576,P <
T S <3 N il 0.01) (Fig. 3). The standardized counts for HMPAO were
Neg ative 97.2* 4.2 in the anterior circulation territory and 1030

3.9 in the posterior circulation territory; for MAA the stan-
dardized counts were 914 8.0 in the anterior circulation
territory and 109.0+ 14.5 in the posterior circulation ter-
ritory (Fig. 4). Therefore, the mean count difference be-
FIGURE 1. Criteria for cortical uptake visualization tween the anterior and posterior circulation territories was
5.6% and 16.1% of the excess HMPAO and MAA, respec-
tively, in the posterior circulation territory.
without the Valsalva maneuver, of the cortical uptake (Fig. 1), and FOr example, a 22-y-old man developed an intractable
of perfusion defects in lung scans. Radionuclide venography ahe@adache in the occipital area during a rugby game. PFO
lung scans performed using a dual-head gamma camera (VEMth atrial septal aneurysm was detected by TEE, and ra-
TEX; ADAC Laboratories, Milpitas, CA) with a 7-mm full width dionuclide venography revealed the thyroid only after the
at half maximum (FWHM) were followed by brain SPECT withy/g|salva maneuver and patent deep veins accompanied by
Te-MAA. *"Te-MAA brain SPECT was performed using ageyeloped collaterals (Fig. 5A). MRI revealed a high inten-

:(ingttypje gammihcamlezra (Heg,?,tﬁﬂe SSPEETC$7_O; Shin;a?zu C8ity area in the left occipital territory and MR angiography
yoto, Japan) with a 12-mm - orELl Image data Welg jicated signal loss in the distal portion of the left posterior
acquired over 30 min into a 128 128 matrix, using a general

all-purpose collimator. All data were corrected for attenuation &erebral artery (F'g'_ SB?.ngC-MAA br_am _SPECT on day
0.11 cnt! and tomographic data were reconstructed using-a #il2 showed the cortical uptal_<e_ visualization in the_ cerebral
tered backprojection algorithm. Hence, transaxial 5-mm-thickortex except for the left occipital area, where an increased
slices were obtained?"Tc-hexamethylpropyleneamine oxime@ccumulation on day 10 and hypoperfusion on day 23 were
(HMPAO) brain SPECT proceeded in the same mannéPiax- identified using®™Tc-HMPAO brain SPECT (Fig. 5C).

MAA brain SPECT except that the collimator was high resolution

(8-mm FWHM) instead of general all-purpose resolution. DISCUSSION

To semiquantify the brain distribution, normalized mean counts 9 . .
in each region of interest (ROI) were obtained by standardizationWe performed®®"Tc-MAA brain SPECT after radioru

with the averaged count in all ROIs for each patient, using t ide venography using the Valsalva maneuver to investi-

following formula: gate the fate of emboli originating in the lower extremities.
Ten patients with PFO underwent radionuclide venography
countin each ROI i i i
normalized count in each RGI with and without the Valsalva maneuver. In 2 of 10 patients

- f< 100. . . .
averaged countin all ROIs the thyroid was visualized only after the Valsalva maneu-

By drawing ROIs on the frontal and temporoparietal areas (anté€"; in 7 of 10 patients the cortical uptake was visualized
rior circulation territory) and the occipital and cerebellar area@nly after the Valsalva maneuver. In 56 ROIs of the 7
(posterior circulation territory) (Fig. 2), the distribution ¥fTc- patients, the distribution of MAA correlated well with that

MAA was compared with that ™ Tc-HMPAO taken 3-7 d after of HMPAO. The count difference between the anterior and
radionuclide venography. The profiles of the 10 patients (9 menpbsterior circulation territories was 5.6% and 16.1% of the

woman; mean age, 6t 17 y) are described in Table 1. All resultsexcess HMPAO and MAA, respective|y, in the posterior
are expressed as meanSD. The significance of differences was

calculated using the pair@dest for comparison between anterior
and posterior circulation territories with™Tc-MAA and %°"Tc- Frontal areas
HMPAO brain SPECT. The significance of differences in thyroi

visualization was calculated by? test. A probability value of Temporo-parietal areas
<0.05 was considered to be significant. i

RESULTS

We performed®™c-MAA brain SPECT after radioru
clide venography using the Valsalva maneuver to inves
gate the fate of emboli that originated in the lower extren
ities. All patients were confirmed as having PFO by TEE
After the Valsalva maneuver, the thyroid was visualized i

2 patients and the cortical uptake was visualized in 7 PAGURE 2. Placement of ROIs in middle cerebral arterial ter-
tients. No perfusion defects were detected in the lungs. Thiery (shaded) and posterior cerebral arterial territory (white).

Cerebellar areas Qccipital areas
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TABLE 1
Patient Profiles

TEE Radionuclide venography

Patient Age (y) Sex Lesion* PFO shunt ASA Thyroid® Brain* DVT PTE
1 22 M L-occipital + + Y Y collateral —
2 84 M L-occipital + — N N + —
3 67 M B-bg, B-cr + + N Y collateral —
4 67 M L-cbll + + N Y collateral —
5 65 F L-thims, B-bg + — N Y — —
6 66 M B-bg, B-cr + — N N — —
7 55 M L-cbll + — Y Y — —
8 63 M R-bg + — N N collateral —
9 45 M L-thims ++ — N Y — —
10 72 M pons, B-bg, L-thims ++ + N Y — —

*Reference to LDA with x-ray brain CT.

tThyroid visualization.

#Visualization of cortical configuration.

ASA = atrial septal aneurysm; DVT = deep vein thrombosis; PTE = pulmonary thromboembolism; Y = yes; collateral = collaterals in
deep vein; N = no; B = both; bg = basal ganglia; cr = corona radiata; cbll = cerebellum; thims = thalamus.

circulation territory. The excess flow in the posterior cerenaneuver, correlating with the magnitude of right-to-left
bral circulation indicated an increased likelihood that cershunt better than under basal conditiofs {Ve combined
bral embolism originated from the lower extremities, as thie repeated Valsalva maneuver with radionuclide venog-
frequent stroke in that circulation was reported previoushaphy, because a transient right-to-left shunt might be
(13). boosted by elevating the pressure of the right atrium to
Without a right-to-left shunt, all injected tracers from thexceed that of the left atrium because of the increased influx
vein that exceed 10.m are trapped in the lung capillaries.of venous return just after the cessation of the Valsalva
Once extrapulmonary accumulation such as in the thyramaneuver 15). A large PFO may be more likely to cause
and kidneys is visualized, the right-to-left shunt rate mayaradoxical embolization and may explain the mechanism
exceed 18% 14). Because a PFO is found in 30% ofof stroke stemming from cryptogenic caus&6)( However,
patients at rest and in 50% during the Valsalva maneuwveur data indicated that thyroid visualization does not always
(4), the detectability of the right-to-left shunt must be encorrelate with the severity of PFO. We believed that even a
hanced under the latter conditions. The number of echo-
genic signals also increased in TEE during the Valsalva

115_‘ —_—y = -71.21 + 1.71x R=0.575
|

110
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BRAIN DISTRIBUTION
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85 1 T T T | T T [—
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MAA FIGURE 4. Distribution difference depending on anterior and
posterior circulations of HMPAO- and MAA-corrected counts in
FIGURE 3. Correlation between HMPAO- and MAA-corrected  brain (MCA, middle cerebral arterial territory; PCA, posterior
counts in brain. *P < 0.01 vs. HMPAO. cerebral arterial territory).
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FIGURE 5. The example in this study, Day 10
man (age, 22 y) with left occipital infarction.
(A) Radionuclide venography demon-
strated thyroid with Valsalva maneuver and
patent deep veins accompanied by devel- el E{V:Y:Y
oped collaterals (L, left). (B) On day 17 MRI y
indicated high-intensity area in left occipi-

tal area and on day 19 MR angiography Day 1 2 (
showed signal loss in distal portion of left
posterior cerebral artery. (C) On day 12
9mTc-MAA showed defect in left occipital
area (arrow), where %"Tc-HMPAO brain K=l [Vlx:Xe]
SPECT revealed hyperfixation on day 10
and hypoperfusion on day 23. MRA = MR Day P
angiography; PCA = posterior cerebral ar-
tery; T1 WI = T1-weighted image; T2 WI =
T2-weighted image.

¥

small PFO might cause right-to-left shunting boosted by théMPAO in the brain should be different. When cerebral
Valsalva maneuver, the magnitude of which varied depeniolood flow increases by more than 30% over the basal value
ing on the individual effort. TEE can differentiate the rightin the visual cortex under conditions of daylight8], the
to-left shunt phenomenon but it cannot show how embdlbw excess of the posterior circulation increases up to 50%
are distributed in the brain. Our data showed that the disigher than it does in the anterior circulation, which might
tribution of MAA correlated with that of HMPAO, but the explain the frequency of stroke in the posterior territory
rate of blood flow in the posterior circulation was higheamong patients with atrial septal aneurysa®)( When
than that in the anterior circulation. cryptogenic brain stroke is suspected, venography is used to
This may explain the frequency of stroke in the posteri@xplain paradoxical embolism from venous sources through
circulation. The difference in brain distribution was 5.6% right-to-left shunt. But direct evidence for paradoxical
and 16.1%, HMPAO and MAA, respectively. The calcuembolism is usually absent, and systematic screening for
lated difference between the anterior and posterior circuldeep vein thrombosis in the lower limbs or pelvis have
tion was a 4.4% excess in the posterior circulation in generated extremely variable estimat&®)( However, a
healthy patient (mean age, 40 Wg{, which is a relatively report indicated that venous thrombosis does not correlate
low difference. The age group from which these data wevath cryptogenic stroke20). Therefore a normal bilateral
derived was younger than ours, which possibly suggests tirahogram does not rule out paradoxical embolism, because
aging reduced cerebral blood flow in the frontal areas. venous thrombosis may be localized in nonvisualized deep
The brain accumulates MAA in a different way than iveins of the legs or the pelvis and the thrombosis may have
does HMPAO. The former is an ideal tracer for blood flomundergone spontaneous lysis, complete embolization, or
measured by embolization of the cerebral arteries and tlezanalization Z1). In the present case, deep veins in the
latter collects in the brain parenchyma by crossing the blodalver extremities were patent, but well-developed collateral
brain barrier because it is lipid soluble. Because a high floveins may indicate previous deep vein thrombosis. We have
range of HMPAO may be underestimated by the poatated that, in the case we describe, the ischemic stroke was
extraction fraction 17), the distribution of MAA and probably elicited by the venous thrombosis in the lower

862  THE JourRNAL OF NucLEAR MEDICINE ¢ Vol. 42 « No. 6 « June 2001



extremities. The venous thrombosis |ike|y traveled througﬁ. de Belder M, Tourikis L, Leech G, Camm J. Risk of patent foramen ovale for

: : : thromboembolic events in all age groupgen J Cardiol.1992;69:1316-1320.
PFO and reached the brain durmg a scrum in the rugbé/ Di Tullio M, Sacco R, Gopal A, Mohr J, Homma S. Patent foramen ovale as a risk

game and was Conveyed by the blood flow to the left factor for cryptogenic strokeAnn Intern Med.1992;117:461—465.

occipital area. The venous thrombosis was too large to lyse, Homma s, Di Tullio MR, Sacco RL, Mihalatos D, Mandri GL, Mohr JP.

resumng in the reperfusion injury that was revealed by Characterihstics c|>f fohrameg ovalehassolcgiia;t)ekd W;g c;ypt(;gzenig(sstroke: a biplane
. transesophageal echocardiographic st e 1994;25:532-586.

HMPAO brain SPECT and that was referred to as hyperé. Hausmasn g NMagge A, Bechgt I,pDanieI W. Diagnosis of patent foramen ovale

fixation in the subacute phas@2. Follow-up HMPAO by transesophageal echocardiography and association with cerebral and periph-

brain SPECT was performed when the hyperfixed area eral embolic eventsim J Cardiol.1992;70:668-672.

subsided (13 d after venography) to avoid misinterpretin& Serena J, Segura} T, Perez-Ayusq MJ, Ba§sagan¥as J, MolinsvAloB&. The
need to quantify right-to-left shunt in acute ischemic stroke. A case-control study.

the area as increased cerebral blood flow. Stroke 1998:29:1322-1328.
10. Steiner M, Di Tullio M, Rundek T, et al. Patent foramen ovale size and embolic
CONCLUSION brain imaging findings among patients with ischemic strdkgoke 1998;29:
944-948.

We concluded that visualization of the cortical uptaket. chenw, Kuan P, Lien WP, Lin F. Detection of patent foramen ovale by contrast
using brain SPECT with MAA is more sensitive than that of transesophageal echocardiograp@ijiest 1992:101:1515-1520.

s . . . Lethen H, Flanchskampf FA, Schneider R, et al. F f d in throm-
the thyroid in detecting right-to-left shunt. The excess flog# -ethen H: Flanchskamp crneider v, et . Frequency of deep vein throm
bosis in patients with patent foramen ovale and ischemic stroke or transient

in posterior cerebral circulation indicated an increased like- ischemic attackam J Cardiol. 1997:80:1066—1069.
lihood of cerebral emboli originated from the lower extremt3. Bogousslavsky J, Garazi S, Jeanrenaud X, Aebischer N, Van Melle G. Stroke
ities. Valsalva radionuclide venography and subsequent recurrence in patients with patent foramen ovale: the Lausanne $tedyology
. . . . . 1996;46:1301-1305.
brain SPECT with#*"Tc-MAA should be applied to identify ,,

’ . . Gates GF, Orme HW, Dore EK. Cardiac shunt assessment in children with
a right-to-left shunt. These procedures can identify paradox- macroaggregated albumin technetium-9%adiology 1974;112:649—653.

ical embolism with visualization of brain embolism and cab®: Nishimura R, Tajik A. The Valsalva maneuver and response revigitago Clin

. . . . Proc. 1986;6:211-217.
quantlfy embolic occurrence in the brain. 16. Koyama M, Kawashima R, Ito H, et al. Normal cerebral perfusio®@fc-

HMPAO brain SPECT: evaluation by an anatomical standardization technique.
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