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Takayasu’s Arteritis of the
Aortic Arch: Endovascular
Treatment and Correlation with
Positron Emission Tomography

A case is presented in which three arterial stenoses and one arterial occlusion due
to Takayasu’s disease were treated by an endovascular approach. The endovascular
technique is discussed, and the clinical and angiographic findings after treatment are
correlated with cerebral hemodynamic and metabolic parameters as measured by
positron emission tomography.

Takayasu'’s arteritis is a chronic inflammatory arteriopathy of unknown origin,
affecting the aorta and its main branches [1]. The inflammatory process results in
fibrosis and thickening of the arterial walls, and eventual constriction or total
occlusion of the vessel lumina. To date, surgical treatment of these vessels has
had only limited success. We report a case of advanced Takayasu's arteritis treated
successfully by the endovascular approach, in which cerebral hemodynamic and
metabolic parameters were studied with positron emission tomography (PET)
before and after treatment.

Case Report

A 39-year-old woman presented with acute onset of dysesthesia and weakness of the left
upper extremity. Five years previously, she had suffered an ischemic episode involving the
right arm; she subsequently complained of pain in the extremity and was treated sympto-
matically with a cervical sympathectomy. Review of her charts revealed that her right radial
and brachial pulses had not been palpable since that episode.

At the time of her present admission, bilateral carotid artery bruits were audible, more
intensely on the right. Again, the right brachial and radial pulses were not palpable. The
neurologic examination revealed hyperreflexia and distal paresis of the left upper limb. The
muscular strength in the left upper extremity was 0/5 for the extensor and flexor muscle
groups, and 2/5 for the supinator and pronator muscles of the forearm. Muscle strength was
normal in other groups tested. Laboratory examinations were unremarkable. CT scans of the
head showed a right posterior parietal hypodensity consistent with a cerebral infarction (Fig.
1). Digital angiography demonstrated narrow stenoses at the origins of the right common
carotid, the left common carotid, and the left vertebral arteries, the latter originating from the
aortic arch (Fig. 2). There was also occlusion of the origin of the left external carotid artery
and of the right subclavian artery. On the late phase of the angiogram, a subclavian steal
phenomenon was demonstrated, with retrograde filling of the right vertebral artery and
opacification of the right subclavian artery distal to the occlusion. A selective intracranial
angiographic series, performed by injection of the right common carotid artery, showed no
abnormalities. The diagnosis of Takayasu's arteritis was made on the basis of the patient’s
age and the location and number of stenoses and occlusions of the arch vessels. The patient's
neurologic findings remained stable after the acute event.

The patient underwent two percutaneous endovascular treatments, 1 week apart; the first
was performed 10 days after the acute event. This treatment included angioplasty of the
origins of the right and left common carotid arteries and of the origin of the left vertebral
artery, and a recanalization with angioplasty of the right subclavian artery. On the postpro-
cedure arch angiographic series (Fig. 3), a marked increase was seen in the diameter of the
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Fig. 1.—Cranial CT hypodensity (arrow) corresponding
infarction in right watershed area.
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treated vessels, with early opacification of the right vertebral artery.
Immediately following this endovascular treatment, the patient
reported a marked subjective improvement in general strength and
well-being. No carotid bruits were audible, and the right radial and
brachial pulses were palpable and equal to those on the left. The left
upper extremity muscles gradually improved to a strength of 3/5 in
the extensors and flexors, and a strength of 4/5 in the forearm
pronators and supinators. The patient has been followed clinically for
18 months since the procedure and remains stable and improved.

Methodology
Endovascular Technique

At the first treatment, angioplasty of the left vertebral artery was
performed via a femoral approach, using a 7-French (6 mm outside
diameter, 2 cm length) angioplasty catheter (Meditech, Inc., Water-
town, MA 02172). Sequentially, the balloon was inflated and then
deflated; it was never left fully inflated. Angioplasty of the left common
carotid artery was also performed at that time, using an 8-French (10
mm outside diameter, 3 cm length) angioplasty catheter.

A second session of endovascular treatment was performed 1
week later, and at that time angioplasty of the right common carotid
artery was performed using an 8-French angioplasty catheter. Sub-
sequently, using a 0.035-in.-diameter straight guidewire, the origin of
the right subclavian artery was cannulated via the femoral approach,
and an 8-French angioplasty catheter was slowly and progressively
passed into the thrombosed section of the artery; dilatation of this

Fig. 2.—Aortic arch angiograms performed before endovascular treatment.

A, Left anterior qb!ique projection. 0rigin§ of right common carotid artery, left common carotid artery, and vertebral artery appear markedly narrowed
(closed_ arrows). .Ongnn'ot left e}(te(nal carotid artery (open arrow) appears occluded. Right subclavian artery is not opacified on this early phase.

B, Right anterior oblique projection, early phase. This series better shows narrowing of origin of right common carotid artery (arrow). Right subclavian
artery is not opacified on these early images.

C, Right anterior projection, late phase. Retrograde filling of right vertebral artery (closed arrow) is seen,

artery distal to occlusion of its origin (open arrow).

with late opacification of right subclavian
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Fig. 3.—Aortic arch angiograms per-
formed after endovascular treatment.

A, Left anterior oblique projection.
As compared with angiogram done be-
fore treatment, diameter of treated ves-
sels is markedly improved. There is
early filling of right subclavian artery
and of right vertebral artery, without
steal phenomenon on late phase.

B, Right anterior oblique projection.
This projection better shows enlarge-
ment in diameter of right common ca-
rotid artery (compare with Fig. 1B).

section of the vessel was accomplished by serial inflations and
deflations of the catheter balloon.

During these procedures the patient received 2,000 units of heparin
IV as a bolus at the time of placement of the guide catheter and
subsequently 1,000 units every hour during the procedure. At the
completion of the procedure, the anticoagulation was reversed with
IV protamine sulfate. The patient received 325 mg of acetyl-salicylic
acid orally every 6 hr for 1 day before the procedure, on the day of
the procedure, and for 1 day after the procedure.

Positron Emission Tomography

PET scans were performed using the Therascan 3128 (Atomic
Energy of Canada, Ltd., Ottawa, Ontario) positron tomograph [2], a
two-ring scanner acquiring both direct and cross-slice coincidences
simultaneously. Image resolution was 12 mm (full width at half maxi-
mum) in the transverse plane. '®F-labeled fluorodeoxyglucose (FDG)
was prepared in the Montreal Neurological Institute Medical Cyclotron
Unit [3]. The patient received a 5 mCi bolus of IV "®F-FDG over 1
min. Blood samples for determining '®F plasma activity and glucose
concentration were taken from the opposite arm, using direct arterial
sampling. Approximately 40 min after the injection of the '®F-FDG,
three tomographic slices were obtained simultaneously at each of
two scan positions, with the center slices located 42 mm and 62 mm,
respectively, above the orbitomeatal line.

'3O-labeled gases, O,, CO,, and CO, were administered sequen-
tially in one session to provide three separate data sets. These were
combined to provide functional maps for cerebral blood flow (CBF),
oxygen extraction fraction (OEF), oxygen metabolic rate (CMRO,),
and blood volume (CBV) [4]. OEF and CMRO, images were corrected
for CBV [5].

The ®0-, and 'O-CO, gases were delivered continuously during
the study period at flows of 10 mCi/min at 80 cm®/min, and 5 mCi/
min at 60 cm®/min, respectively. Labeled gases were mixed with 200
cm®/min of medical air, and were supplied to the patient through a
plastic face mask. Once inhalation of the labeled gas was begun,
equilibrium was established over a 10 min period, followed by scans
at the position described for the FDG study. Typically, 1.5-2.5 million
true events were recorded for each '*0-O. image, and 2-4 million for
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each *0-CO, image.

'50-CO was administered in a dose of 80 mCi/min at 100 cm?/min
for 4 min. The '*0-CO was then discontinued, and after a 1 min delay,
low-resolution images were obtained at the two scan positions.
Typical images contained 300-500 thousand true coincidences.
Throughout these studies, blood samples were obtained over 15-20
sec from an arterial line for the measurement of blood gases and
plasma radioactivity.

Images were reconstructed using the Therascan standard software
package [6-8]. The '®F-FDG analysis program is based on the Phelps
et al. [9] adaptation of the Sokoloff method [10]; a reformulation of
the operational equation suggested by Brooks has been incorporated
[11]. Values for gray matter rate constants and for the lumped
constant were those established by Huang et al. [12]. The oxygen
analysis program generates a map for each of the four functional
parameters, CBF, CBV, OEF, and CMRO,, for each anatomic plane
as a composite data set.

Hemodynamic and metabolic parameters were measured on the
day before the first angioplasty and 28 days after the second angio-
plasty. At the beginning of each scan, the patient’s inferior orbito-
meatal line was aligned with a laser line corresponding to the position
of the scanner’s middle slice. The patient's position was recorded at
the beginning and at the end of each study to ensure accurate slice
registration when comparing the various scans. The functional values
obtained from cortical gray matter in the two hemispheres were
compared; changes of 20% or greater were judged to be significant.
Metabolic and hemodynamic values were assessed in the context of
control values obtained in young healthy volunteers in this laboratory
for FDG (LCMRGI mean in 20 subjects = 45.5 + 7.7 umol/100 g/
min) and for oxygen-15 studies in 11 subjects (CBF = 50 + 12 ml/
100 g/min, CBV = 4.4 + 0.3% brain weight, OEF = 0.42 = 0.8, and
CMRO, = 183 * 42 pmol/100 g/min). Intrasubject variability for
repeated measurements in controls was on the order of 10% for
sequential FDG scans and 15-18% for repeat oxygen-15 scans.

Results

After the angioplasties and the recanalization procedure,
aortic arch angiography showed a significant enlargement of



624 THERON AND TYLER

the diameter of the origins of the left vertebral, left common
carotid, and right common carotid arteries. The right subcla-
vian artery was patent, and there was no detectable steal
phenomenon. The right radial and brachial arterial pulses were
palpable immediately after the treatment. As previously noted,
the patient felt a marked subjective improvement. The left
upper extremity strength improved for approximately 1 month
after treatment, and has remained stable since then.

On the preangioplasty FDG study, the cerebral metabolic
rate for glucose (LCMRGI) values for cortical gray matter in
the right hemisphere were at the lower limit of the normal
range in this laboratory, averaging 32.9 * 2.7 umol/100 g
tissue/min in the right hemisphere, and 35.3 = 3.3 umol/100
g tissue/min in the left (Fig. 4A). Twenty-eight days after the
procedures, the study revealed LCMRGI values within the
normal range, averaging 46.9 + 3.0 umol/100 g tissue/min
on the right and 49.8 = 4.0 umol/100 g tissue/min on the left
(Fig. 4B). These LCMRGI values represent more than a 40%
improvement relative to the initial values.

No significant (i.e., >20%) global or hemispheric gray matter
changes in OEF, CBF, CBV, or CMRO, were seen when the
pre- and postangioplasty studies were compared. However,
combinations of these hemodynamic and metabolic parame-
ters (i.e., the ratios of CBF to CBV, CMRO, to LCMRGI, and
LCMRGI to CBF) did demonstrate some significant findings,
as shown in Table 1.

It was noted that localized significant changes were seen
in the right parietal area in regions in proximity to the site of
the patient’s previous cerebral infarction. In this area, the
follow-up metabolic studies demonstrated an 85% increase
in LCMRGI, a 20% increase in oxygen extraction, a 28%
decrease in cerebral blood volume, and a 20% increase in
CMRO; (Table 2). Significant changes such as these were
not seen in other localized cerebral regions.

Discussion

Takayasu’s disease is a nonspecific obstructive arteritis,
primarily involving the vessels of the aortic arch [1]. Most
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patients present in the second or third decades of life, with
females being involved more frequently than males. The path-
ologic lesion is a panarteritis with initial inflammation of the
adventitia, subsequent disruption and fibrotic changes in the
media, and marked proliferation of the intima. The fibrosis
and thickening of the arterial wall lead to stenosis or occlusion
of the vessels of the aortic arch, and consequently to cerebral
ischemia. Several investigators have noted the limited suc-
cess of surgical treatment of Takayasu's arteritis involving
the aortic arch [13, 14], with the progressive inflammatory
nature of the disease resulting in a high incidence of graft
occlusion. Surgery is, therefore, undertaken reluctantly.

With the advent of transluminal angioplasty [15, 16], a new
technique for the treatment of this disease may be available.
Two dilatations of a subclavian stenosis in a patient with
Takayasu'’s disease have been reported previously [17, 18].
In one of these cases [17], an angioplasty of the origin of the
left carotid artery was also performed using a surgical carotid
arteriotomy, with temporary occlusion of the carotid during
the dilatation of the stenosis. In the present case, both carotid
arteries were dilated percutaneously without complication.
We believe that in this type of stenosis, it is possible to
perform angioplasty of the carotid arteries with relative se-
curity, because the inflammatory, nonulcerative nature of the
lesions decreases the potential of embolic complications as
compared with atherosclerotic stenoses [19-21].

Endovascular treatment of the subclavian steal syndrome
has been reported [22-25]; however, canalization of an ath-
erosclerotic occlusion of the subclavian artery is rarely suc-
cessful [26]. We believe that the inflammatory nature of the
lesions in Takayasu's arteritis makes the permanent recanal-
ization more likely when successfully performed, as in this
case.

PET provides the means to study metabolic parameters in
areas of cerebral ischemia as well as in tissues adjacent to or
distal from the primary areas of ischemia. Cerebral ischemia
presents a difficult problem to study; even the most uniform
of ischemic episodes, complete cessation of flow, can dem-
onstrate inhomogeneous metabolic changes. The patchy per-

Gl Util
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Fig. 4.—"°F-labeled fluorodeoxyglu-
cose PET scans before and after en-
dovascular treatment.

A, Cerebral metabolic rate for glu-
cose in a horizontal plane 42 mm above
orbitomeatal line is moderately de-
creased in all regions (mean = 34.1
p#mol/100 g/min).

B, 28 days after endovascular treat-
ment, PET scan showed increased cer-
ebral glucose metabolism (mean = 47.8
umol/100 g/min).
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TABLE 1: Hemispheric Metabolic and Hemodynamic Parameters* Before and After Endovascular Treatment

Parameter Preangioplasty Postangioplasty % Change
R L R L R I
LCMRGI 329 35.3 46.9 49.8 +43 +41
CBF/CBV 8.6 7.8 9.2 9.0 +7 +15
CMRO/LCMRGI 4.66 4.54 3.28 3.24 -30 —29
LCMRGI/CBF 0.93 0.97 1.27 1.28 +37 +32

* LCMRGI (local cerebral metabolic rate for glucose) expressed as umol/100 g/min. CMRO, (cerebral metabolic rate for oxygen) expressed as umol/100 g
tissue/min. CBV (cerebral blood volume) is expressed as a percentage of brain volume. CBF (cerebral blood flow) is expressed as mi/100 g tissue/min.

TABLE 2: Metabolic and Hemodynamic Parameters* in the
Right Posterior Watershed Area

Parameter Preangioplasty Postangioplasty % Change
LCMRGI 16.5 30.5 +85
CBF 28.0 34.0 +18
CBvV 3.2 23 —28
OEF 0.35 0.42 +20
CMRO, 85.8 102.5 +20
CBF/CBV 8.8 14.8 +68
CMRO,/LCMRGI 5.20 3.36 -35
LCMRGI/CBF 0.59 0.90 +52

* LCMRGI (local cerebral metabolic rate of glucose) expressed as umol/100
g tissue/min. CMRO (cerebral metabolic rate for oxygen) expressed as umol/
100 g tissue/min. CBV (cerebral blood volume) is expressed as a percentage
of brain volume. CBF (cerebral blood flow) is expressed as mi/100 g tissue/
min. OEF (oxygen extraction fraction) is expressed as a percentage of 1.00.

fusion that characterizes incomplete ischemia accentuates
this metabolic heterogeneity.

While multiple hemodynamic and metabolic parameters can
now be measured in vivo using PET, there has been much
discussion as to which cerebral parameter or parameters best
reflects tissue viability. CBF has been found to be quite
variable, and in fact may initially be increased even in cases
of complete infarction [26—28]. OEF has been examined, and
as a general rule, an increase in the oxygen extraction may
signify viable tissue [4]. However, since the OEF is calculated
on the basis of the ratio of the CO, and O, images, it may
appear falsely elevated whenever CBF is more severely af-
fected than CMRO, in a pathologic situation [29]. CMRO,
has been cited by some as the best single indication of tissue
viability, and levels of oxygen metabolism below which cere-
bral tissue cannot survive have been suggested [4, 30, 31].
However, CMRO, will be underestimated in areas of hetero-
geneous flow; and underestimation of either CBF or OEF
without a compensatory increase in the other will result in an
underestimation of calculated CMRO; [29]. These findings in
previous studies are in keeping with the results seen in this
case, in which no significant global changes in CBF, OEF, or
CMRO, were seen.

A greater than 40% increase in the LCMRGI values was
seen on the second study as compared with the first study,
with the pretreatment values at the lower limit of the normal
range. Owing to the frequent upcoupling of oxygenation and
energy metabolism, however, LCMRGI values alone have not
been thought to be a reliable index of tissue viability [32].
Some investigators [33] have studied the relationship of

LCMRGI to other parameters, examining the ratios of CMRO,
to LCMRGI (“metabolic ratio,” MR), and of LCMRGI to CBF
(“arteriovenous glucose difference,” GLcAv). GIcAv values in
that study were quite variable, however, being decreased in
30% of cases and increased in 60% of cases of ischemia
[30]. In the present case, greater than 30% increases in GICAv
were seen in both hemispheres after treatment, and approx-
imately 30% decreases in the metabolic ratio were also seen
bilaterally. The ratio of CBF to CBV has been suggested as
the most reliable predictive parameter of hemodynamic re-
serve [33]. In our patient, however, no significant overall
hemispheric changes in this ratio were seen.

Although the right and left mean hemispheric values of the
individual parameters CBV. OEF, and CMRO,, did not change
significantly after the treatment, it is interesting to note that a
significant decrease in CBV and significant increases in oxy-
gen extraction and in oxygen and glucose utilization were
noted in the right parietal region, the posterior watershed
area (Table 2), after the endovascular procedures. The change
in CBF was not significant in this region, however (<20%
increase).

These findings seem to suggest that the improvement in
the metabolic parameters studied was most pronounced in
the area most severely compromised, the region of arterial
border zone where the three vascular territories meet [34]. In
this right posterior watershed area, improvement of CBF by
less than 20% was sufficient to lead to improvement in the
other metabolic parameters. The large change in the GIcAv
value in this area reflects a considerable improvement in
glucose metabolism with only a modest improvement in CBF.
In addition, the change in the CBF/CBV is consistent with the
prediction of an improvement in an ischemic state [34].

Overall, the changes in cerebral glucose metabolism and in
the LCMRGI/CBF and CBF/CBV ratios correlated most
closely with the clinical and angiographic improvements seen.
In the area adjacent to the previous ischemic event, and thus
the area most severely compromised, significant improve-
ments in multiple metabolic parameters and metabolic ratios
were seen. These studies were done at approximately 1
month after the endovascular treatment; additional PET fol-
low-up of this patient may be helpful in evaluating the long-
term effects of the procedure.

In summary, Takayasu's disease of the aortic arch can be
successfully treated by an endovascular approach. PET per-
formed before and after treatment permits documentation of
the improvement of the intracerebral metabolic and hemody-
namic parameters.
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