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We report a case of spontaneous regression of intracranial arterio-
venous malformation (AVM) detected by PET in a 57-yr-old woman
who had suffered repeated ruptures of the AVM at 28, 30 and 31 yr
of age associated with pregnancy. The rupture at this hospitalizaron
was the most critical, and after repeated ruptures for 1 mo, the AVM
regressed spontaneously. The decreased cerebral blood volume
(CBV) in the AVM indicated regression. The flow-to-volume (CBF/
CBV) ratios surrounding the AVM increased. The metabolic rate for
oxygen (CMRO2) did not correlate with her improved neurological
status, and an imbalance between CBF and CMRO2 was recog
nized.

Key Words: arteriovenous malformation; spontaneous regression;
PET

J NucÃMed 1996; 37:1673-1676

vJne of the less well-understood aspects of the natural history
of intracranial arteriovenous malformations (AVM) is their
potential for spontaneous regression, mostly due to the rarity of
this event (/). There have been many reports on spontaneous
regression of intracranial AVM (2-8) and on the hemodynamic
and metabolic effects of AVM as studied by PET (9-13). Our
goal was to document one instance of spontaneous regression in
the size of intracranial AVM observed on repeat PET studies.

CASE REPORT
A 57-yr-old right-handed woman with a history of consciousness

disturbance was admitted on December 14, 1992. In 1964, at the
age of 28 yr, her initial clinical presentation had been a sudden
headache caused by subarachnoid hemorrhage. Cerebral angiogra-
phy revealed a large AVM in the right hemisphere. She was treated
medically and discharged without any neurological deficits. In
1966, the then 30-yr-old pregnant woman suffered rebleeding from
the AVM, which caused left hemiparesis. She had an induced
abortion, was treated medically and was discharged with mild left
hemiparesis. In 1967, while pregnant, she suffered a third rebleed
ing episode with increased severity of the left hemiparesis. She
delivered and was not treated surgically; her condition gradually
improved and she remained well except for slight left hemiparesis.

On this admission, CT revealed right intracerebral hematoma
(6.5 X 3 X 5 cm) on the anterolateral side of the AVM,
intraventricular hemorrhage and previous infarction in the right
temporal lobe. We diagnosed her illness as the fourth repeated
rupture of the AVM. Neurological examination confirmed stupor
with a score of 10 on the Glasgow Coma Scale (GCS) and left
hemiplegia. Left external ventricular drainage was performed.
Cerebral angiography disclosed a high flow strio-capsulo-thalamic
AVM fed by both anterior and middle cerebral arteries in the right
basal ganglia and medial temporal lobe which drained into both
superficial and deep veins (Fig. 1, top row) (14). The AVM was
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FIGURE 1. Intital PET study (obtained on Day 31 of hospitialization),CAG
(top row), CT, MRI (middle row), CBF, CBV, OEF and CMRO2 images
(bottom row) taken at a level parallel to and 4.5 cm above the orbito-meatal

line. A large proportion of the hematoma has been absorbed. Note general
ized misery perfusion, hypometabolism and increased CBV in the AVM.
Arrow indicates the AVM on the CBV image. Results of arterial gas analysis
were: pH 7.513, PaCO2 28.1 mmHg, PaO2 94.2 mmHg, SaO2 97.9% and
hemoglobin concentration 10.5 g/dl during inhalation of 3 liter/min of O2
mixed air. Values described below are for normal volunteers aged 22-65 yr,

mean age 45 yr. CBF values were 44 Â±7 ml/100 g/min in the cortex and
25 Â±4 ml/100 g/min in the white matten CBV values were 4.5 Â±1.0 ml/100
g and 2.8 Â±0.7 ml/100 g, respectively. Mean CBF-to-CBV ratio was 9.8 Â±
1.3 min"1, and the OEF value was 44.3% Â±5.1%. The CMRO2 values were

3.5 Â±0.5 ml/100 g/min in the cortex and 2.0 Â±0.3 ml/100 g/min in the white
matter.

classed as Grade 4 according to Spetzler's grading system (15). We

concluded that it was inoperable. During 22-day ventricular drain
age, her condition improved gradually to delirium with a GCS
score of 14. However she suffered minor rebleeding into the lateral
ventricle causing coma, and external ventricular drainage was
performed again on January 12, 1993. Two days later, the first PET
study was performed while lowering the increased intracranial
pressure with the ventricular drainage open.

PET studies were performed on a tomograph providing an
in-plane resolution of 8.6 mm (FWHM), thereby permitting simul
taneous scanning of three transaxial 11-13-mm thick slices. Three
planes were established 1.5 cm apart, 3.0, 4.5, and 6.0 cm above
and parallel to the orbitomeatal line. We measured, in the resting
state, regional cerebral blood flow (CBF), oxygen extraction
fraction (OEF), and the metabolic rate for oxygen (CMRO2) using
15O-labeled gas steady-state technique as described by Frackowiak

et al. (16). Regional cerebral blood volume (CBV) was measured
using the bolus inhalation of '5O-labeled carbon monoxide gas

according to the method of Phelps et al. (17,18). We corrected
overestimations of OEF and CMRO2 by CBV according to the
method of Lammertsma and Jones (19,20). We calculated the
CBF/CBV ratio as an index of cerebral perfusion pressure (21,22).
We set contiguous 7.74 mm-diameter round regions of interest
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TABLE 1
Initial PET Study Results

CBF
(ml/100 g/min)

CBV
(ml/100 g)

CBF/CBV
(1liter/min)

OEF CMRO2
(ml/100 g/min)

Region

Frontal lobe 14.6 Â±3.0 23.4 Â±2.1 3.38 Â±0.58 2.93 Â±0.49 4.47 Â±1.31 8.10 Â±0.91 96.0 Â±10.2 87.1 Â±4.6 1.96 Â±0.36 2.91 Â±0.27
Temporal lobe 10.8 Â±1.6 27.5 Â±0.9 5.05 Â±0.94 4.58 Â±0.86 2.15 Â±1.74 6.21+1.13 84.6 Â±23.0 88.3 Â±0.9 1.30 Â±0.30 3.47 Â±0.14

Parietal lobe 14.9 Â±1.7 23.3 Â±1.5 4.82 Â±0.98 3.59 Â±0.94 3.19 Â±0.61 6.84 Â±1.41 87.7 Â±6.6 82.0 Â±7.4 1.86 Â±0.24 2.72 Â±0.24
Occipital lobe 17.8 Â±3.5 20.7 Â±1.4 3.35 Â±0.82 2.92 Â±0.42 5.48 Â±0.94 7.21 Â±0.99 90.3 Â±4.2 89.4 Â±8.0 2.28 Â±0.38 2.63 Â±0.23

AVM* â€” 24.53 Â±8.53 _______

peri-AVM cortex 14.0 Â±1.9 â€” 4.14 Â±1.07 â€” 3.57 Â±0.88 â€” 93.1 Â±10.1 â€” 1.84 Â±0.26 â€”

White matter 5.0 Â±1.9 12.9 Â±2.9 2.43 + 0.56 3.50 + 0.22 3.14 + 1.32 7.10 + 1.13 89.7 Â±22.7 79.9 Â±12.8 0.64 Â±0.36 1.44 + 0.26

AVM was supplied by both anterior and middle cerebral arteries, but there was crossflow through the anterior communicating artery from the contralateral
internal artery. Right MCA region except previous infarctions in the right temporal lobe was regarded as the peri-AVM cortex, which was supplied by arterial

branches also feeding the AVM.

Rt. CAG

CBF CBV OEF CMROz

FIGURE 2. Second PET obtained 2 mo after the initial study (99th hospital
day), CAG (top row), CT, MRI (middle row), CBF, CBV, OEF and CMRO2
images (bottom row). Compared to the first study, total CBF was increased,
the CBV in the AVM decreased, total OEF decreased.and CMRO2 remained
unchanged. Arrow points to regressed AVM on the CBV image. Results of
arterial gas analysis were pH 7.437, PaCO2 40.1 mmHg, PaO2 83.1 mmHg,
SaO2 96.5% and hemoglobin concentration 12.4 g/dl in room air.

(ROIs) (47 pixels) in the cortical gray matter and 6.08 mm-
diameter round ROIs (29 pixels) in the white matter and basal
ganglia, excluding the previous cerebral infarctions depicted on
CT. No values within the AVM except CBV values are reported.

The initial PET study disclosed misery perfusion and hypome-
tabolism throughout the whole cerebrum, particularly in the right
hemisphere. On the CBV image, the AVM was demonstrated as a
large vascular pool (Fig. 1 bottom row, Table 1). The OEF value
was near its upper limit. Her condition improved gradually, and in
February she became alert again and could take food orally. No
hydrocephalus occurred. On March 23, a follow-up PET study was
performed (Fig. 2 bottom row). On the CBV image, the vascular
pool was decreased markedly from 24.53 to 7.81 ml/100 g,
indicating decrease in the AVM size. Generalized CBF increased
by 16% to 66%, the CBF-to-CBV ratios increased by 28% to 80%
and the OEF decreased by 37% to 47%. The CMRO2 values in the
peri-AVM cortex decreased to 1.51 ml/100 g/min, which was 82%
of the first value (Table 2). CBF, CBV, OEF and CBF-to-CBV but
not CMRO2 were improved and the improvement was compatible
with her neurological recovery. Despite the improvement, the PET
data still indicated both misery perfusion and low metabolism.
Follow-up angiography disclosed ~70%â€”80% regression of the

AVM (Fig. 2, top row). MRI demonstrated thrombosed AVM (Fig.
2, middle row). The AVM was presumed to have spontaneously

TABLE 2
Second PET Study Results

CBF
(ml/100g/min)RegionFrontal

lobe
Temporal lobe
Parietal lobe
OccipitallobeAVM

peri-AVMcortexWhite

matterR19.1

Â±5.4 (+31%)
13.1 Â±2.9 (+21%)
17.3 + 2.5 (+16%)

28.7 Â±4.7(+61%)16.8

Â±2.4(+20%)9.1

Â±1.7 (+82%)L34.2

+ 4.9 (+46%)
36.9 + 0.8 (+34%)

37.2 Â±5.8 (+60%)
34.4 Â±3.7(+66%)â€”16.8

Â±7.0 (+30%)CBV

(ml/1 00g)R3.21

Â±0.75 (-5%)
3.37 Â±0.55 (-33%)
3.40 Â±0.60 (-29%)

4.56 Â±2.08(+36%)7.81

Â±2.69 (-68%)
3.35 Â±0.70(-19%)2.15

+ 0.66 (-12%)L3.37

Â±1.10 (+15%)
3.53 Â±0.96 (-23%)
3.44 Â±0.63 (-4%)

3.43 Â±0.70(+17%)â€”1.98

Â±0.33 (-43%)

Numbers in parentheses indicate the percent change compared to the first study.
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FIGURE 3. Noncontrast and contrast-enchanced CT images in 1995,2.5 yr
after the last episode of bleeding, still showed the regressed AVM.

regressed. Radiation therapy was not done for the residual AVM at
the family's request. She was transferred to continue treatment in

a rehabilitation program.
In 1995, 2.5 yr after the last episode of rupture, she was living

at home with her family's aid, despite being moderately disabled

due to left hemiparesis. CT disclosed no substantial change in the
regressed but residual AVM surrounded by destroyed and absorbed
brain tissue (Fig. 3).

DISCUSSION
This is a report of presumed spontaneous regression within

2 mo of intracranial AVM detected and observed by PET. The
results of repeat PET studies of ruptured AVM showing
spontaneous regression seem to be poorly described in the
literature.

Whether any change in the AVM size occurred from 1964 to
1992 is unknown. The fourth rupture of the AVM in 1992 was
the most critical, and it was followed by severe consciousness
disturbance with repeated ruptures despite intensive care. Our
patient's neurological status improved after the first PET study.

The most common mechanism involved in spontaneous AVM
regression is almost certainly that of compression of the lesion
from intracerebral hemorrhage, leading to acute or subacute
intravascular thrombosis (7).

The changes in PET parameters were attributed to both the
AVM and intracranial hematoma. During the first study, hemo-
dynamic compensatory mechanisms, such as increased OE,
were seen in ipsilateral brain areas remote from the AVM and
in the contralateral hemisphere. Generalized CBF was increased
in both hemispheres at the second study, particularly contralat-

erally. The CBV values in and adjacent to the AVM decreased
markedly, and the decreased CBV values were corroborated
angiographically. The reduction in cerebral perfusion pressure
is most reliably predicted by the CBF-to-CBV ratio (4). In the
first PET study, the CBF-to-CBV ratios were low bilaterally but
markedly increased in the second study. For each ROI in the
ipsilateral hemisphere, the changes in CBV were more related
to the CBF/CBV improvement adjacent to the AVM, whereas
those in CBF were more related to that remote from it. The
decrease in CMRO2 values in the peri-AVM cortex was due to
the decrease in OEF in spite of the improvement of both anemia
and CBF. When hemoglobin concentration varies during repeat
PET studies, CBF/CBV is a more reliable indicator than OEF,
which might be greatly affected by hemoglobin concentration.
Interestingly, the CMRO2 values were not correlated with her
neurological status since they remained at near-normal levels
throughout the course due to compensatory mechanisms even in
this unstable pathological condition. CMRO2-CBF imbalance
was recognized. Her brain after the repeated ruptures showed
low perfusion and metabolism and might no longer have had
normal oxygen demand, as the 1995 CT scan demonstrated
atrophie change.

CONCLUSION
In this patient, hemodynamic and metabolic alteration of the

apparently spontaneously regressed AVM after repeated rup
tures was observed using PET. PET studies are helpful in
quantifying the effects of ruptured AVM.
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Extensive Photopenic Osteomyelitis
Patrice K. Rehm and Alan D. Aaron
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We present a case of a previously healthy child whose osteomyelitis
and septic arthritis resulted in unusually extensive photopenia on
bone scintigraphy. Uptake was absent in the humeral shaft and
proximal epiphysis and decreased in the proximal physis. The
subsequent complicated clinical course, including surgical interven
tions, and bone scans is described.

Key Words: bone scintigraphy; photopenic osteomyelitis; septic
arthritis
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CASE REPORT
The morning of hospitalization, a previously healthy 3-yr-old

girl presented to her pediatrician for pain in her left upper arm.
Evaluation revealed an afebrile child with mild tenderness in her
upper arm and multiple healing insect bites on her extremities. Her
white blood cell count was 8800 per mm3, with 46% polymorpho-

nuclear cells and 34% bands. The erythrocyte sedimentation rate
was 6 mm/hr. Radiographs of the left humÃ©ruswere normal. The
patient was begun on oral penicillin and ampicillin to treat
cellulitis.

Within 24 hr, the child became febrile to 105 degrees and
confused, requiring hospitalization and administration of intrave
nous nafcillin. Over the next 12 hr, the arm became increasingly
swollen and erythematous, with eventual extension to the anterior
shoulder and chest wall. Numerous petechia appeared on her trunk
and lower extremities. A 99mTc-HDP bone scan demonstrated

extensive photopenia of the left humÃ©rus(Fig. 1).
Based on a clinical diagnosis of septic arthritis of the shoulder

and osteomyelitis of the adjacent humeral metaphysis, the patient
was taken emergently to the operating room for exploration and

debridement. At surgery, purulent material was found within the
glenohumeral joint, with the humÃ©rusbeing free of obvious
infection. Intraoperative gram stain and cultures revealed S. aureus.

Intravenous nafcillin was continued, but on the fifth hospital
day, the patient remained febrile necessitating surgical re-explora
tion. Reaccumulation of purulent material was found in the
glenohumeral joint, with additional purulence within the proximal
humeral metaphysis, neither being under pressure. Two days after
the second surgery, radiographs revealed periostea! reaction (Fig. 2A),
while bone scintigraphy again demonstrated photopenia (Figs. 2B, C).

A third bone scan on Day 18 revealed increased activity
throughout most of the humÃ©rus(Figs. 2D, E). Pretreatment and
multiple subsequent blood cultures as well as cardiac echo were
normal. The child defervesced and was treated with intravenous
gentamicin and nafcillin for 6 wk.

At 9 wk, she presented with a pathological fracture of the
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FIGURE 1. (A)Blood-pool Â¡magedemonstrates relativephotopenia of the left
proximal epiphysis and humeral shaft, with a sleeve of increased activity
around the nonvisualized shaft. (B) Delayed image demonstrates absent
uptake in the entire humeral shaft and the proximal epiphysis and reduced
uptake in the proximal physis. The distal metaphysis, although not optimally
demonstrated, shows increased uptake.
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