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emergencies that result in fatal or life-threaten-

ing and disfiguring situations. Dentists must be
aware of the clinical manifestations of these lesions in
order to prevent iatrogenically related accidents and to
minimize potential spontaneous crises for the patient.
Effective treatment depends on the type and location
of vascular lesion.

Literature review is difficult because of the variation
in terminology of vascular lesions. Terms such as arte-
riovenous aneurysm, cavernous hemangioma, central
hemangioma, pulsating hemangioma, angioma, cirsoid
aneurysm, arteriovenous shunt, arteriovenous fistula,
and arteriovenous malformations have been used syn-
onymously with vascular malformation.”® Prior to the
1980s, vascular lesions frequently were lumped under
the term hemangiomas, which were considered hama-
rtomas — congenital lesions comprised of normal tis-
sues of faulty composition.” However, Glowacki and
Mulliken™ suggested that vascular lesions be divided
into two major groups — hemangiomas and vascular
malformations — based on histologic and clinical pre-
sentation. For example, hemangiomas are characterized
histologically by endothelial hyperplasia and increased
numbers of mast cells during their proliferation phase.
During the involution stage, they are characterized by
fibrosis, fatty deposits, and multilaminated basement
membrane formation beneath the endothelium. The
mast cell count during the involution stage is similar
to normal tissue.!!

Hemangiomas are frequently documented at birth
or within the first 10 days of life.”? Almost all show
rapid clinical expansion during the first year of life'
and frequently involute slowly during the next 5 years.
Excellent cosmetic conditions result in approximately
two-thirds of the patients if involution occurs by age 5
years.? Fewer than 2% require excision due to excessive
proliferation. Rarely do hemangiomas involve the skel-
eton,' although some can cause distortion of a bone,
(i.e. nasal deviation or depression of the outer cortex).
Proptosis and optic nerve compression also can occur.’

I i'acial vascular malformations can cause dental
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A vascular malformation is a morphogenetic ab-
normality of blood and/or lymphatic vessels with
normal ultrastructural characteristics and endothe-
lial hyperplasia.' It results from a developmental
arrest after the endothelial stage of embryologic
vascular development — contrary to hemangiomas,
which appear to be a failure of differentiation at the
endothelial stage.™

Mulliken' states that vascular malformations are
present at birth and may not clinically manifest until
late infancy or childhood. However, patient histories
in some case reports’ suggest that vascular malforma-
tions also may be developmental. In contrast to heman-
giomas, vascular malformations diagnosed at birth
show no signs of involution with age and may expand
near puberty.' Trauma, infection, or endocrine changes
appear to contribute to their expansion.'**17:18

Vascular malformations frequently are associated
with skeletal changes that can be intraosseous and can
cause secondary changes of bone size, shape, or den-
sity.!” Although vascular malformations can cause ex-
tensive facial deformity, the most severe hazard is po-
tential profuse and uncontrollable bleeding with
primary tooth exfoliation,>!! dental extraction,*% % in-
cision of a suspected cyst,’ or surgical removal.”! Spon-
taneous bleeding is also a hazard.! 142

Subdivision of vascular malformations is based on the
vessels involved, (i.e. capillary, venous, lymphatic, arte-
rial). This classification simplifies older and confusing
terminology.!° Thus, a port-wine nevus is now considered
a capillary malformation. The term “lymphangioma” is
actually a lymphatic malformation and a “cavernous he-
mangioma” that fails to involute is considered a venous
malformation. A more proper term for “arteriovenous
fistula” is an arterial malformation with fistula.’ Al-
though the anomaly can consist of a single type of vessel,
combinations also occur.’ "

The flow characteristics (low-flow vs. high-flow) of
vascular malformation indicate their vascular nature
with high-flow usually characteristic of arterial ves-
sels.”"* High-flow lesions tend to cause more destruc-
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tive skeletal changes in the head and neck area than
low-flow lesions, perhaps as a result of the hemody-
namic characteristics of the high-flow malformation.
The flow rate can be used as an indicator of the proper
therapy.®

Approximately one-third of all the vascular malfor-
mations recorded in one vascular lesion registry are in
the head and neck region."”? Both intracranial (i.e. occipi-
tal, dural, auricular, cerebral, or spinomedullary) and
extracranial (i.e. maxillofacial) lesions are reported.*
Lesions occur primarily within soft tissue or osseous
tissue.” Engle et al.f state that fewer than 100 maxillo-
facial arteriovascular malformations are reported.

The prevalence of vascular malformations is difficult
to determine. Vascular birthmark registries may receive
only the most troublesome or atypical cases.”? How-
ever, vascular malformations comprise approximately
20% of 375 vascular lesions present in 297 pediatric
patients recorded in one registry. The remainder are
classified as hemangiomas. Other authors'® report that
more than 35% of the vascular lesions studied were
vascular malformations. Males and females have equal
predilection for a vascular malformation.'? Caucasians
are more likely to be diagnosed with a vascular forma-
tion than Hispanics.'

Clinically, patients present with symptoms of pain
described as ranging from tender to pulsating or throb-
bing, although some patients report no pain."? Other
patients report neurosensory changes of the affected
area such as numbness.» Many patients have mobile
teeth.! In some cases, a tooth may be extracted because
the patient complains of pain and mobility.! Other pa-
tients will present on an emergent condition with spon-
taneous hemorrhage or cardiac arrest. #5222 A bruit
may be discernable” although some intraosseous le-
sions do not produce an audible bruit. Angiomatous
discolorations are reported in some patients.?! Asym-
metric facial growth, widened periodontal ligament
spaces, and persistent or recurrent oral infections also
are reported.?

Vascular.malformations on radiographs usually are
noted as a lytic lesion with a “soap bubble” or “sun ray”
appearance.® In the mandible, the lytic lesion often is
confluent with an enlarged inferior alveolar canal and
can replace the central marrow cavity.”! Unerupted
teeth can be displaced and root resorption is reported.?
# An aspirational biopsy can be positive for blood un-
der pressure although it may not indicate whether a
high-flow or low-flow lesion is present. Use of a small-
gauge needle reduces the possibility of fatal or profuse
bleeding reported with biopsies.?

A necessary diagnostic tool used to identify the en-
tire vascular malformation and its contributing vessels
is selective angiography.” Angiography is a radio-
graphic technique monitoring blood flow by placing
dye into the vascular system via a catheter near the area
of the suspected malformation. Bone densities are con-
trolled to prevent masking of the vascular system. To
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monitor a lesion in the head and neck area, a catheter
usually is inserted into the femoral artery rather than
the carotid artery, because this area is considered less
traumatic.'* % Angiography in children usually is per-
formed under general anesthesia. Complications, such
as hematomas and transient arterial spasms, are rela-
tively rare and usually resolve spontaneously.! Bilat-
eral angiography may be necessary to identify either
bilateral lesions® or contributions from vessels cross-
ing the midline to a unilateral lesion.

Several treatment methods of vascular malforma-
tions have been recommended although the success of
treatment varies depending on the area involved as
well as the flow characteristics of the lesion. Sclerosants,
(i.e. sodium morrhuate, boiling water, nitrogen mus-
tard) have been used to manage low-flow lesions, " but
they are ineffective in high-flow cases because of the
rapid removal of the sclerosant from the malformation.
Sclerosants also have limited efficacy because more
severe and aggressive lesions frequently recur as a re-
sult of collateralization. However, they are used to con-
trol lesions in inaccessible areas or soft tissue.?

Surgical ligation of the external carotid artery may
provide immediate relief of an emergent situation, but
recurrence is a problem.! Ligation of the carotid arter-
ies also prevents subsequent angiograms and embo-
lization procedures.” Devascularization alone report-
edly is effective in treating low-flow cases but not
high-flow cases.?

Radical resection of the lesion can result in profuse
bleeding and severe facial deformity.!* Mandibular re-
construction with grafts of rib™ * or iliac bone,? me-
tallic prosthesis,® and replacement using the same man-
dibular bone* ¢ following removal of the lesion are
reported. However, infection is a major problem and
scars are prominent.? Studies reporting the use of pros-
theses in growing children® do not show the long-term
effects on growth and development of the jaws. Recur-
rence is also reported even in cases of radical resection.

Embolization, a method of blocking contributing
arteries, has been used since the 1930s to treat vascu-
lar malformations.” Materials that have been used for
embolization include muscle,” polyvinyl alcohol par-
ticles (PVA), isobutyl cyanoacrylate, dura mater,
Gelfoam™ (Upjohn, Kalamazoo, MI), and detachable
latex balloons.* These materials usually are placed into
contributing arteries through the catheter inserted for
angiography. Emergent situations with high-flow le-
sions can be controlled by aggressive embolization.*
Embolization also is used to manage cases where ac-
cessibility prevents surgical removal of a lesion.* How-
ever, embolization alone without surgical removal of
the lesion is not consistently efficacious — particularly
in high-flow cases — because of collateralization.! * >
1314 High-flow vascular malformations have a central
area of low resistance vessels, which are supplied by
numerous contributing arteries.” Blockage of the con-
tributing vessels results in subsequent enlargement of
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additional vessels to the area. Com-
plications include tongue necrosis,
hypothesia of nerves,* bradycardia,”
complete facial paralysis,' and re-
flux of the embolizing material into
the carotid artery.”* Embolization
is used effectively prior to surgical
removal of a high-flow vascular le-
sion to minimize blood loss.™ Failure
to use embolization prior to surgical
removal of a high-flow vascular le-
sion can result in profuse and exten-
sive bleeding.”’ However, multiple
angiograms, embolizations, and sur-
geries may be required for some pa-
tients if the initial angiogram does
not reveal all the contributions.® Per-
cutaneous puncture and emboliza-
tion of a mandibular vascular lesion
directly through the mandible is re-
ported, although spontaneous bleeding occurred sev-
eral times prior to apparent remission of the lesion.”

The following is a report of a successful clinical case
where the diagnosis and treatment of a high-flow vas-
cular lesion in a young child was made prior to any
bleeding episode.

Case report

Clinical report

A 9-year-old Caucasian
female reported “pres-
sure” in the lower left
quadrant during a routine
6-month dental examina-
tion. The parents’ chief
complaint was severe
crowding and a need for
orthodontic evaluation.
Examination revealed
extraoral asymmetry in
the mandibular area (Fig
1), no palpable lymph
nodes, no palpable expan-
sion of bone or soft tissue,

Fig 1. Preoperative frontal
photo showing asymmetry
in the mandibular area.

Fig 2. Bite-wing radiographs showing A) no apparent
lesion one-year prior to the recall appointment and B)
radiolucency apical to mandibular left first permanent
and second primary molars and displaced second
premolar.
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Fig 3. Preoperative panoramic radiograph showing radiolucency
extending from mandibular left displaced second premolar (arrow) distal
into ramus of mandible (arrow).

and no apparent erythema other than generalized gin-
givitis. Severe crowding with premature loss of the
mandibular primary canines was present.

Although a bite-wing radiograph (Fig 2a) exposed
approximately 1 year prior of the patient’s left dental
arches was unremarkable, a bite-wing radiograph (Fig
2b) exposed at this appointment revealed a large radi-
olucency apical to the mandibular second primary
molar and first permanent molar. The second premo-
lar toothbud was displaced mesially. The contralateral
bite-wing was unremarkable. A subsequent panoramic
radiograph (Fig 3) showed a large radiolucency
confluent with the left inferior alveolar canal extend-
ing from the unerupted second premolar into the ra-
mus. An occlusal radiograph showed no apparent cor-
tical expansion. Radiology consult suggested either an
odontogenic cyst or a benign tumor.

Oral and maxillofacial surgery consult confirmed
prior clinical findings. No bruit or thrill was found.
Blood collected during an aspiration biopsy indicated
a vascular lesion. Subsequently, an angiogram was
scheduled under general anesthesia. The catheter was
inserted via the femoral artery and passed through the
carotid artery for selective internal maxillary artery
injection and lingual facial trunk injection. Nonselec-
tive dye placement (Fig 4) showed a large vascular
defect extending anteriorly under the second primary
molar posteriorly into the ramus. Selective dye placement
into the internal maxillary artery showed less extensive
vascularization, but with a major defect in the area of the
first permanent molar. Selective dye placement into the
lingual facial trunk showed extensive contributions of
both arteries into the area of the first permanent molar and
extending anteriorly around the displaced bud of the sec-
ond premolar and posteriorly into the ramus. The contri-
bution of the facial and the lingual arteries overpowered
the blood flow from the internal maxillary artery, caus-
ing turbulence and backwash of blood. The diagnosis was
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Fig 4. Preoperative nonselective angiogram showing
blood from carotid artery filling the vascular
malformation in mandible.

One-year postoperative dental recall showed calcu-
lus, generalized gingivitis, and exfoliating primary
molars in the area of surgery. Severe crowding was still
present. The patient refused to brush the surgical area
despite repeated appointments to reinforce oral hy-
giene. Otherwise, no pathology was noted intraorally
or extraorally. Although bite-wing radiographs (Fig 5)
showed fill of the defect in the area between the pri-
mary second molar and permanent first molar, a pan-
oramic radiograph revealed a radiolucency apical to the
molars. Root formation of the permanent teeth in the
area of the enucleated vascular malformation appeared
retarded compared with the right mandibular quad-
rant. A selective angiography series (Fig 6) completed
under subsequent general anesthesia showed no evi-
dence of abnormal vasculature. The radiolucency was
interpreted as a residual bony defect.

The decision was made to proceed with serial ex-

traction of all first primary molars

"YW -

a high-flow vascular malformation. CT scan demon-
strated a lytic defect involving the left body of the man-
dible. Although the mandibular canal was widened, the
outer and inner mandibular cortices were intact, with
minimal expansion.

Three autologous blood units were collected prior
to surgery in case of significant blood loss. Three days
prior to surgery, selective angiography was performed
again to confirm the arteriovenous communications
and perform appropriate embolization. At that time,
the facial, the lingual, and inferior alveolar arteries were
embolized with PVA particles (500-700 p). Since per-
sistent flow continued in the draining vein following
these embolizations, platinum/Dacron™ coils were
used also to embolize the arteries. Post-embolization
angiography showed continued but slow filling of the
defect and associated veins.

Three days later, the exterior mandibular cortical
bone was removed through an intraoral approach and
the vascular malformation was removed. Embolization,
along with hypotensive anesthesia and isovolumic he-
modilution, enabled surgery with minor blood loss.
Following removal of the third molar tooth bud, dem-
ineralized bone was compressed into the bony cavity.
The patient tolerated the procedure well.
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ig 5. Bite-wing radiographs (4 months postoperative) showing bony fill apical
to mandibular left first permanent and second primary molars (arrow).

and maxillary primary canines,
and enucleation of accessible first
premolars. During removal of the
primary teeth, the decision was
made to extract only the mandibu-
lar left first premolar. The perma-
nent canine and the premolar
were allowed to erupt with re-
moval of the second primary mo-
lars and first premolars planned
for a later date.

A panoramic radiograph (Fig
7) taken 2 years postoperatively
showed continued root formation
of the left second premolar and first permanent molar.
Root formation of the right mandibular permanent
first molar appeared complete and the root of the right
second premolar showed no sign of retardation as
compared with the contralateral tooth. Bony regenera-
tion appeared more extensive throughout the area of
lesion than in the radiograph taken at the 1-year post-
operative appointment. The patient was scheduled for
removal of all remaining primary molars and enucle-

Fig 6. One-year postoperative angiogram showing no
recollateralization in area of the former vascular
malformation.
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Fig 7. Two-year postoperative panoramic radiograph showing apparent bony fill of
the surgerized area.

ation of accessible first premolars. Surgical removal
was uneventful.

Discussion

Similar to other reports,* the vascular malformation
in this patient became apparent around the time of pri-
mary tooth exfoliation. However, in this case, the lesion
was noted radiographically prior to any bleeding epi-
sode. Symptoms included vague complaints of pres-
sure in the area, but not pain. The only clinical sign was
a facial asymmetry that was similar to many children.

A combination of selective angiography and embo-
lization, aggressive surgical curettage, and demineral-
ized bone implant resulted in a treatment outcome of
an intraosseous mandibular vascular malformation in
a child that was effective, functional, and esthetically
pleasing. Intraoral incisions prevented massive scar-
ring from the surgical procedure. Infection was con-
trolled. These management methods negated the need
for mandibular resection. The mandible and the man-
dibular teeth on the affected side appeared to be devel-
oping and erupting normally with the exception of
slightly stunted root growth.

Root resorption of teeth forming in proximity to an
expanding high-flow vascular malformation is re-
ported.” In the present case, the initial panoramic ra-
diograph indicates possible root resorption of the first
permanent molar. However, incomplete maturation of
the root is also possible. The apparent retardation of the
premolar root formation 1 year postoperatively appears
to have resolved with the first permanent molar and
second premolar continuing root formation by the sec-
ond year postoperatively. Thus, the developing teeth
appear to have retained the ability to recover from the
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potential influence of the
high-flow vascular malfor-
mation, the surgical proce-
dure, and the effect of em-
bolization.

Although the lesion was
detected on the bite-wing
radiographs, the lack of
prior diagnostic panoramic
or periapical radiographs in
this case prevented early
detection of the vascular
malformation. The malfor-
mation appeared to be ex-
panding, based on the size
of the lesion on the bite-
wing radiographs at the
time of discovery, as com-
pared with the lack of evi-
dence on the bite-wing ra-
diographs exposed 1 year
previously. Treatment of a
smaller lesion would have
been preferable. If new ra-
diographs had not been taken, the patient may have
bled spontaneously and fatally during exfoliation of
primary teeth. Alternately, emergency procedures to
control the spontaneous hemorrhage may have re-
sulted in significant facial deformity. Although the
patient’s orthodontic needs may have necessitated con-
sequent complete radiographic records that would
have detected the lesion at a later date, the risk would
be higher for massive bleeding due to the potential
expansion of the lesion. Although vascular malforma-
tions are rare, this case emphasizes the need for pedi-
atric dentists to evaluate all patients with either pan-
oramic or full series radiographs at least when the
patients reach the early mixed dentition stage. This is
particularly necessary when dental extractions or sur-
gical procedures are indicated. However, careful evalu-
ation of all radiographs is emphasized since the lesion
was originally detected on a bite-wing radiograph.

Selective angiography allowed detection of the spe-
cific arteries contributing to the lesions and allowed
visualization of the placement of the embolizing ma-
terials. Angiography also allowed the visualization of
the effect of the embolizing materials on blood flow to
the area. This prevented profuse bleeding during sur-
gery since the initial PVA particles alone did not ad-
equately decrease blood flow.

A future emergent and, possibly, fatal situation re-
sulting from exfoliation of the primary teeth or ex-
traction of teeth for orthodontic purposes was pre-
vented by a timely diagnosis and treatment of the
vascular malformation. Two-year follow-up shows
no signs of recurrence. The patient’s function and
esthetics have not been compromised and prelimi-
nary orthodontic treatment (serial extractions) has
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been started. Although all signs are currently posi-
tive for effective treatment, this child should be
monitored on a yearly basis for potential recurrence
of a vascular malformation.

Dr. Kula is associate professor, Dr. Blakey is clinical assistant pro-
fessor, Dr. Wright is associate professor, and Dr. Terry is Lorenz
professor, all at the University of North Carolina, Chapel Hill,
North Carolina.

1.

2.

10.

11.

12.

13.

14.

Macansh JD, Owen MD: Central cavernous hemangioma of
the mandible: report of cases. ] Oral Surg 30:293-96 1972.
Lamberg MA, Tasanen A, Jadskeldinen J: Fatality from cen-
tral hemangioma of the mandible. ] Oral Surg 37:578-84
1979.

. Williams HB: Facial bone changes with vascular tumors in

children. Plast Reconstr Surg 63:309-16 1979.

. Burrows PE, Lasjaunias PL, TerBrugge KG, Flodmark O: Ur-

gent and emergent embolization of lesions of the head and
neck in children: indications and results. Pediatrics 80:386—
94 1987.

. Jackson IT, Jack CR, Aycock B, Dubin B, Irons GB: The man-

agement of intraosseous arteriovenous malformations in the
head and neck area. Plastic Reconstr Surg 84:47-54 1989.

. Engle JD, Supancic JS, Davis LF: Arteriovenous malforma-

tion of the mandible: life-threatening complications during
tooth extraction. JADA 126:237—42 1995.

. Kelly DE, Terry BC, Small EW: Arteriovenous malformation

of the mandible: report of case. ] Oral Surg 3:387-93 1977.

. Spatz S, Kaltman S, Farber S: Vascular malformation: report

of a case with eight-year follow up. J Oral Maxillofac Surg
43(4):281-84 1985.

. Wisnicki JL: Hemangiomas and vascular malformations.

Ann Plastic Surg 12:41-59 1984.

Glowacki ], Mulliken JB: Mast cells in hemangiomas and
vascular malformations. Pediatrics 70:48-51 1982.

Kaban LB, Mulliken JB: Vascular anomalies of the maxillo-
facial region. ] Oral Maxillofac Surg 44:203-13 1986.

Finn MC, Glowacki J, Mulliken JB: Congenital vascular le-
sions: clinical application of a new classification. Jour
Pediatr Surg 18:894-99 1983.

El-Sheikh MM, Zeitdoun IM, El-Massry M, Medra AM: Vas-
cular malformation of the jaw bones: report on nine patients.
J Cranio-Maxillo-Facial Surg 21:9-14 1993.

Biller HF, Krespi YP, Som PM: Combined therapy for vas-
cular lesions of the head and neck with intra-arterial em-
bolization and surgical excision. Otolaryngol Head Neck
Surg 90:37-47 1982.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Mulliken JB: Cutaneous vascular lesions of children. Pediatr
Plastic Surg 137-54 1984.

Mulliken JB, Glowacki J: Hemangiomas and vascular mal-
formations in infants and children: a classification based on
endothelial characteristics. Plast Reconstr Surg 69:412-20
1982.

Hurwitz DJ, Kerber CW: Hemodynamic considerations in
the treatment of arteriovenous malformations of the face
and scalp. Plast Reconstr Surg 67:421-34 1981.

Mulliken JB, Murray JE: Natural history of vascular birth-
marks. In: Williams HB (ed): Symposium on Vascular Mal-
formations and Melanotic Lesions (1980: Montreal, Quebec).
St. Louis: CV Mosby Co, pp 58-73 1983.

Boyd JB, Mulliken JB, Kaban LB, Upton J, Murray JE: Skel-
etal changes associated with vascular malformations. Plast
Reconstr Surg 74:789-97 1984.

Leikensohn JR, Epstein LI, Vasconez LO: Superselective
embolization and surgery of noninvoluting hemangiomas
and A-V malformations. Plast Reconstr Surg 68:143-52 1981.
Sofferman RA, Summers GW: Bilateral arteriovenous mal-
formation of the mandible. Ann Otol Rhinol Laryngol
100:759-67 1991.

Hayward JR: Central cavernous hemangioma of the man-
dible: report of four cases. ] Oral Surg 39:526-32 1981.
Hiatt SW, Shannon MT, Mustoe TA, Sclaroff A: Manage-
ment of a mandibular high-flow vascular malformation. J
Oral Maxillofac Surg 47:295-99 1989.

Resnick SA, Russell EJ, Hanson DH, Pecaro BC: Emboliza-
tion of a life-threatening mandibular vascular malformation
by direct percutaneous transmandibular puncture. Head
Neck 14:372-79 1992.

Hurwitz DJ: Superselective embolization and surgery of
noninvoluting hemangiomas and A-V malformations. Plast
Reconstr Surg 68: 151-52, 1981.°

Frame JW, Putnam G, Wake MJ, Rolfe EB: Therapeutic ar-
terial embolisation of vascular lesions in the maxillofacial
region. Br ] Oral Maxillofac Surg 25:181-94 1987.

Brooks B: Treatment of traumatic arteriovenous fistula.
South Med J 23:100-06 1930.

Shrudde J, Petrovici V: Surgical treatment of giant heman-
gioma of the facial region after arterial embolization. Plast
Reconstr Surg 68:878-90 1981.

Wolpert SM, Stein BM: Factors governing the course of
emboli in the therapeutic embolization of cerebral arterio-
venous malformations. Radiology 131:125-31 1979.
McKenna SJ, Roddy SC Jr: Delayed management of a man-
dibular vascular malformation. ] Oral Maxillofac Surg
47:517-22 1989.

Pediatric Dentistry — 18:4, 1996

American Academy of Pediatric Dentistry =~ 327



