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Over a 10-year period, 276 pulmo-
nary arteriovenous malformations
(PAVMs) were occluded with bal-
loon embolotherapy in 76 patients,
67 (88%) of whom had hereditary
hemorrhagic telangiectasia. Eleven
patients (14%) were discovered by
means of family screening with
measurement of arterial blood gases
and chest radiography. Epistaxis,
dyspnea, hemoptysis, and hemotho-
rax occurred in 79%, 71%, 13%, and
9% of patients, respectively. Clinical
histories of strokes and transient
ischemic attacks were present in
18% and 37% of patients, respective-
ly. Computed tomographic scans of
59 patients showed stroke in 36%.
Sixty-five percent of PAVMs were
located in the lower lobes, which
correlated with the finding of more
pronounced hypoxemia in the up-
right position. After embolother-
apy, symptomatic hypoxemia was
corrected, and serial values have re-
mained constant for 5 years. Corn-
plications were minimal, and no pa-
tient required surgery. Balloon em-
bolotherapy is effective long-term
therapy for PAVMs, and family
screening should be pursued be-
cause of the possibility of a higher
frequency of paradoxical emboliza-
tion (stroke) than previously recog-
nized.
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P ULMONARY arteniovenous malfom-

mations (PAVMs) were first man-

aged nonsurgically by Porstmann ii

years ago with homemade metal coils

(1). Shortly thereafter, the second

and third patients treated with embo-

lothenapy by means of stainless steel

coils and detachable balloons were

reported (2,3). Since these first me-

ports, the publication of numerous

series has documented the efficacy of

embolotherapy in the treatment of

PAVMs (4-i2).

During the intervening 1 1 years,

better catheterization techniques

have been developed and our under-

standing of the pulmonary-neunolog-

ic relationships leading to embolic

stroke in these patients has improved

(13). This report discusses the natural

history of PAVMs, including the sig-

nificant and often undetected evi-

dence of paradoxical embolization to

the brain, the importance of family

screening in the detection of asymp-

tomatic family members, and the de-

scniption of improved techniques for

embolothenapy of these malfomma-

tions with detachable balloons that

are, in some instances, used in combi-

nation with stainless steel coils.

PATIENTS AND METHODS

Patient Population

Seventy-six patients with PAVMs were
admitted to The Johns Hopkins Hospital
over the past 9’/2 years (May 1978-Octo-

ben 1987). There were 31 male and 45 fe-

male patients ranging in age from 5 to 76
years (mean, 36 years). Twenty patients
were less than 21 years of age at the time
of the embolization. Seventeen of the 76

patients have been previously reported

(3,7,9).
Complete histories, physical examina-

tions, and chest radiogmaphs were ob-
tained, as were arterial blood gas (ABG)
measurements on room air in the lying,

standing, and sitting positions before and
after embobotherapy. Computed tomogra-
phy (CT) of the brain was also performed

before and after the intravenous injection
of contrast material in the last 59 patients.
A family screening program was initiated

and consisted of ABG measurements in
the lying and sitting positions and chest
radiography. The program was offered to
family members with a history of epistax-

is or telangiectasia on physical examina-
tion.

Most patients remained in the hospital
for 1 week and underwent complete diag-
nostic pulmonary angiography on the 1st

day, including selective right and left

pulmonary artery arteriography in the
posteroanterior, lateral, and oblique pro-
jections. Serial radiography and, more re-
cently, intraarterial digital subtraction an-
giography (DSA) were used. Embobother-

apy of each lung was planned on days 3
and S of the hospitalization, while on al-
ternate days consultations were obtained
from the Departments of Neurology, Oto-
laryngobogy, and Pulmonary Medicine.

Technique

Standard 6- and 7-F pigtail catheters
were used for diagnostic angiography.
Since our previous reports, the tech-
niques for embobotherapy have been

modified (7,9). Using the diagnostic an-
giogram as a roadmap, we chose the posi-
tion that best displayed the anatomy of
the PAVM for fluoroscopy during embo-
botherapy. When the segmental artery

was entered, a hand injection with a 30%
ionic contrast medium was performed

with the 6-inch mode of the image inten-
sifier (intraarterial DSA). Careful atten-

tion was directed to the branching pat-

tern of the artery leading to the PAVM.
PAVMs with one artery entering the an-
eurysm and a single draining vein were

termed simple, while PAVMs with two or
more arteries and draining veins were
classified as complex (Figs 1, 2). In gener-
al, aneurysms connecting the artery and

vein were cavernous without septa in

simple PAVMs and were septated in corn-

plex PAVMs. Measurement of the pulmo-
nary artery diameter 1-2 cm proximal to
the aneurysm guided our selection of em-
bolotherapy technique.

During embolotherapy, a 9-F sheath
with a hemostasis valve (Cordis, Miami)
was placed in the femoral vein to allow
the easy exchange of catheters. Patients
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Figure 1. (a) Angiogram of young patient with simple PAVM consisting of a single artery

and draining vein. (b) Radiograph before detachment shows that balloon attached to the 2-F
catheter is inflated distally in the artery, just above the aneurysm. (c) Angiogram before de-
tachment demonstrates distal occlusion with preservation of proximal branch arteries.

RESULTS
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received 5,000 units (USP) of heparin to
minimize the possibility of pericatheter

thrombus. For catheterization of segmen-

tab pulmonary arteries, reinforced multi-
purpose 7- and 8-F polyurethane cathe-
ters (Cordis) were most commonly used

(Fig 3). For catheterization of the middle

lobe and lingula, polyurethane internal

mammary artery shapes were helpful

(Cordis). Bentson flexible 15-mm gentle

curve or straight wires were used for
catheterizing the segmental artery. By ad-
justment of the position of the polyure-
thane reinforced catheter, the segmental

artery leading to the PAVM was selective-
ly entered with one of the guide wires.
The catheter was readily advanced into
the segmental artery over the guide wire,

and an exchange for the larger embobo-

therapy catheter was performed with a

260-cm exchange wire. For embolother-

apy of PAVMs with arteries larger than 4

mm, an 80-cm, 8.8-F, nontapered, thin-

walled polyethylene catheter was passed

coaxially with a 100-cm, 4.9-F, nontapered
polyethylene catheter (Becton-Dickinson,
Fairfield, NJ) over a 260-cm tight “J” ex-
change wire (Fig 3). For PAVMs smaller

than 4 mm, a 4.9-F nontapered polyethyl-

ene catheter was exchanged for the multi-
purpose catheter and used for emboliza-
tion.

Balloon embolotherapy as previously

described was used in all instances (Figs

1, 2) except when the artery exceeded 9

mm in diameter (9,14). In these latter
cases, coils of varying diameters, usually

10-12 mm, were placed distally in the ar-

tery as a scaffolding, followed by the

placement of a 2-mm balloon inflated to 9

mm in the “nest” of coils (Fig 4). This
procedure produced immediate occlusion.

Intraarterial DSA was performed before

balloon detachment to ensure that the
PAVM was completely occluded and that
occlusion of nonessential normal branch

arteries was avoided. To avoid the occlu-
sion of normal branch arteries, the bal-
loon was often deflated and repositioned

before detachment. In most instances,
embolotherapy of two or three malforma-
tions was possible in each session. Early
in our experience, our goal was to raise
the arterial oxygen pressure (tension)

(Pao2) to 60 mm Hg, which produced
near normal arterial oxygen saturation
(7). As experience was gained and we re-
alized the importance of preventing para-
doxical embolization by occluding all

PAVMs with arteries larger than 3 mm in
diameter, we readmitted some patients

for embolization of previously unocclud-

ed PA VMs.
Patients remained in the hospital for a

minimum of 24-48 hours after the final

embolization. In addition to ABG mea-
surements and chest radiography after

embolization, patients were observed for
pleurisy, which usually occurred within

48 hours following embolization. Follow-
up was often possible at home and in-
cluded ABG measurements at 3 months

and then yearly thereafter. To prevent
brain abscess, a webb-recognized compli-
cation of PAVM, patients were instructed

to continue to take prophylactic antibiot-
ics before dental work.

Analysis of angiograms consisted of
tabulating the number and percentage of
simple and complex PAVMs, the number

of patients with diffuse PAVMs in every

lobe, and the distribution of occluded

PAVMs throughout the lung. ABC levels
were measured for the entire group be-
fore and after embolization. When possi-
ble, followup Pao2 values were obtained
to document the permanency of the oc-
clusion.

Overall Findings

Hereditary hemorrhagic telangiec-

tasia (HHT) was present in 67 of 76

(88%) patients with multiple PAVMs.

The diagnosis of HHT in 24 (32%) of

these patients had not been estab-

lished, despite the fact that most pa-

tients were admitted on a referral ba-

sis. Minimally, the presence of telan-

giectasia on the buccal surfaces,

tongue, or conjunctiva, along with a

patient or family history of epistaxis,

was required for a diagnosis of HHT.

The 76 patients underwent a total of

90 hospital admissions, as some of

the earlier treated patients returned

for repeat embolization of remaining

large, unoccluded PAVMs.

Pulmonary symptoms were com-

mon, and epistaxis was present in 60

(79%) of the patients (Table 1). Dys-

pnea occurred in 54(71%), hemopty-

sis in ten (i3%), and hemothorax in

seven (9%). Eleven patients (14%)

were discovered after family mem-

bers were screened with ABC mea-

surements and chest radiography. In

retrospect, four of these 1 1 “asympto-

matic” patients had pulmonary

symptoms consisting of dyspnea and

easy fatigability. Unfortunately, pa-

tient compliance was not document-

ed, but it is our impression that a

large number of family members did

not undergo the necessary screening.

Neurologic symptoms in 76 pa-

tients and the results of CT of the

brain in 59 patients are summarized

in Tables 2 and 3. Histories of strokes

and transient ischemic attacks were

present in i8% and 37%, respectively,

of the 76 patients. Headaches were

common, with the migraine type

dominating in 43% of the 76 patients.

CT scans of the brain were obtained

in all 59 patients admitted after June

1982. Hypoattenuating areas in the

unenhanced scans were compatible

with prior stroke and were present in

36% of patients, with essentially the

same frequency as transient ischemic

attacks. Three (5%) of the 59 patients

had evidence on CT scans of artenio-

venous malformations of the brain or

hemangiomas of the frontal lobe.

Of the 276 PAVMs treated with
balloon embolotherapy, 222 (80%)

were simple and 54 (20%) were corn-

plex (Figs 1, 2). These percentages for

anatomic type are similar to those

previously reported from angio-

graphic data (9). Simple and complex

PAVMs occurred in the same patient.

Five (7%) patients had diffuse malfor-

mations with small terminal tufts of

malformations located in all lobes of

the lung. Four of the five also had

large simple on complex PAVMs asso-

ciated with diffuse disease. Two-

thirds (65%) of the PAVMs were lo-
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Figure 2. Radiographs and angiograms of a 9-year-old boy with cyanosis and respiratory infec-
tion. (a) Chest radiograph demonstrates infiltrate of right upper lobe thought to be a pneumo-

nia. (b, c) Early and bate radiographs from pulmonary angiography reveal a barge PAVM in the
right upper lobe and a smaller PAVM in the left hilus. (d, e) Selected angiograms of the right
upper lobe reveal complex PAVM with multiple arteries. (f, g) Radiograph and angiogram show
that two large balloons were required to occlude PAVM. In the larger of the two arteries, a 10-
mm coil was placed proximally. (h) Final chest radiograph before discharge of patient demon-
strates balloons in place in right upper lobe and left superior segment.

h.

cated in the lower lobes, a finding

that correlated well with the pres-

ence of hypoxemia in the sitting or

upright position (orthodeoxia).

Detachable balloons were used

alone to occlude 266 PA VMs, and a

single large balloon placed in a stain-

less steel coil matrix provided final

occlusion in ten large PAVMs with

arteries exceeding 9 mm in diameter

(Figs 2-4). In the very large PAVMs,

nests of coils were formed first with

10-, 12-, or 15-mm coils interspersed

with 8- and 5-mm coils. Four to eight

coils were placed distally in the am-

tery immediately above the aneu-

rysm. To maintain a compact nest dis-

tally in the vessel, it was often neces-

sary to slightly advance the 4.9-F

nontapemed catheter as the coils were

extruded. In most instances, the un-

inflated balloon could be injected

into the proximal portion of the coil

matrix, then inflated and detached

securely to effect final occlusion of

the PAVM (Fig 4). In several addi-

tional patients, a balloon placed dis-

tally in the feeding artery was con-

sidered too small, and several 10-mm

coils were placed proximally to pre-

vent any retrograde migration of the

balloon (Fig 2).

Our use of the balloon technique

alone spared normal side branches

and effected a more distal and local-

ized occlusion than that possible

with the coil method. Another ad-

vantage of the balloon technique was

that it allowed us to deflate and repo-
sition the balloon before its detach-

ment. Three of the 76 patients were

referred after coil embolization failed

(the artery supplying the PAVM was

still patent). In these instances, no

more than two coils had been placed

in the PAVMs, which may have ac-

counted for the failure of thrombosis.

In these patients, detachable balloons

were placed distal to the nonocclud-

ing coils.

Technically, we were successful in

occluding all PAVMs with arteries
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exceeding 3 mm, even though multi-

ple catheterizations were necessary

in some. The most common cause of

failure of the first occlusion attempt

was the inability to gain access to the

feeding artery. This improved with

the use of the multipurpose catheter.

Patients in whom we were technical-

ly unsuccessful in the initial occlu-

sion of PAVMs underwent repeat

successful occlusions with multipur-

pose catheters.

Hypoxemia was significantly im-

proved, and orthodeoxia (the tenden-

cy for greater hypoxemia in the up-

right position) disappeared after bal-

loon embolotherapy (Fig 5). The

mean Pao2 values in the lying, sit-

ting, and standing positions were 58,

55, and 47 mm Hg before embobother-

apy and 75, 71, and 68 mm Hg after

embolothemapy. The finding of or-

thodeoxia correlated well with the

distribution of PAVMs in the lung.

With 65% of PAVMs in the lower

lobes, increased pulmonary blood

flow and secondary might-to-left

shunting occurred in the upright po-

sition, resulting in lowered arterial

oxygen tension in the upright com-

pared with the supine position.

Failure to correct Pao2 to complete-

ly normal values was most commonly

due to residual PAVMs that were too

small to be considered for occlusion.

Patients in whom PAVMs were oc-

cluded early in our experience (with

the goal of raising the arterial Pa02

values to 60 mm Hg) returned later as

the Pao2 level dropped (9). This me-

duction during the follow-up period

was attributed to the redistribution

of blood flow to large unocciuded

PAVMs. Since 1982 symptomatic

hypoxemia has been successfully con-

rected, and serial values have me-

mained constant for 5 years. These

patients have remained asymptomat-

ic since therapy.

As pant of the follow-up in the ear-

lien patients who returned for occlu-

sion of PAVMs not occluded on the

first admission, pulmonary angiogra-

phy was performed. In the 16 pa-

tients who underwent follow-up

studies, collateralization to or recana-

lization of a previously occluded

PAVM was not demonstrated.

Complications

Air embolus.-Occasionally, during

extremely selective positioning of

the end-hole multipurpose or bal-

loon-introducer catheter, the catheter

became wedged. The inability to

withdraw blood was an indication of

catheter wedging, and multiple at-

tempts to flush carefully through the

catheter led to the injection of a small

amount of trapped air within the sa-

line flush. Less than 5% of patients

experienced peniomal paresthesia or

angina with ST-T wave changes last-

ing 20 minutes or less. Patients with

these symptoms were treated with

oxygen by mask and intravenous at-

mopine for bradycardia. These

changes were all reversible, and the

procedure was continued. This com-

plication is completely avoidable

with careful flushing of the catheter.

Failure to aspirate blood from the

catheter indicates a wedged position,

and the catheter should be with-

drawn until free flow is readily ob-

tamed.

Self-limited pleurisy-Eight ( 10%) of

patients experienced self-limited

pleurisy, which occurred 12-48 hours

after embolization and lasted 3-5

days. One of the eight patients had a

significant pleural effusion associat-

ed with pulmonary infarction that me-
solved without thoracentesis. Pulmo-

nary infarction most likely occurs be-

cause of occlusion of normal

branches by the proximal balloon.

The selective placement of the bal-

loon distally in the feeding artery me-

duces this complication. In all pa-

tients, pleurisy was not serious and

symptoms were treated without hep-

arm.

Paradoxical embolization of the bal-

loon-Paradoxical embolization oc-

cunred in two of the 276 PAVMs oc-

cluded (.7c;�). In both instances,

operator error accounted for the com-
plication. Incomplete occlusion ac-

counted for balloon migration in the
first instance, and low-resolution flu-

omoscopy with subsequent detach-

ment of the balloon in the aneurysm

rather than in the artery supplying

the PAVM accounted for the second

balloon migration. The first balloon

was lost in the hepatic artery, and the

second balloon was lost in the left in-

temnal iliac artery. Both patients were

asymptomatic, and no long-term se-

quelae have been recognized. Three

patients were referred to us because

of paradoxical embolization of coils

through a PAVM. In no instance

were theme symptoms on long-term

side effects. These types of inadver-

tent device embolizations can be

avoided with high-resolution fluo-

roscopy during the placement of bal-

loons and with intraarterial DSA of

the balloon occlusion before detach-

ment, to ensure that no contrast me-

dium bypasses the balloon thus mdi-
cating that occlusion is complete.

Tlzrombop/ilebitis.-Before we began

Figure 3. Polyurethane, end-hole, multi-

purpose catheter used for selective catheter-

ization (top). A 100-cm, 4.9-F nontapered

catheter was passed coaxially through an
8.8-F nontapered catheter over a tight “J” re-
inforced guide wire (bottom). The 4.9-F

catheter was used to deliver the 1-mm bab-
boon, and the 8.8-F catheter was used to de-

liver the 2-mm balloon.

to switch legs between alternate-day

catheterizations, one patient with

polycythemia developed deep ye-

nous thrombosis after three consecu-

tive catheterizations in the same leg.

This complication responded to ten

days of intravenous administration of

hepanin without long-term sequelae.

No further patients have developed

thnombophlebitis since we began al-

temnating legs for each of the cathe-

tenizations.

DISCUSSION

Rodes recognized the association

between PAVM and HHT in 1938, al-

though in an earlier report dating

back to 1897, Churton described the

anatomic findings in a 12-year-old

patient with multiple PAVMs (15,16).

In the reported series to date, approx-

imately 30%-50% of patients with

PAVM have HHT, and the associa-

tion with HHT is higher in patients

with multiple rather than single

PAVMs (10,11,17,18). In the present

group of patients with multiple mal-

formations, one-third were not aware

that they had HHT at the time of ad-

mission. With a careful history and

physical examination, we concluded
that 88% of our patients had HHT.

While our patients were highly se-

lected, we think the association be-

tween HHT and multiple PAVMs is

much greater than previously report-

ed (17-19). A history of epistaxis was
not present in 20% of our patients,

and telangiectasia may be too subtle

to detect at physical examination. It is

well known that untreated patients

with multiple PAVMs become dys-

pneic, are cyanotic, and have clubbed

fingers (11,17,18). Furthermore,

when left untreated, a percentage of

patients sustain significant morbidity
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Figure 4. Angiograms demonstrating coil and balloon technique for occlusion of barge PAVM. (a, b) Angiogram demonstrates barge, simple

PAVM of the left bower lobe with 10-mm artery and draining vein. (c, d) Ten minutes after placement of 12- and 10-mm coils, the PAVM re-

mains patent. A 105-mm photospot (e) and angiogram (f) demonstrate a 2-mm balloon inflated to 9 mm, which was detached within the nest

of coils to produce final occlusion.

and mortality from brain abscess,

stroke, hemoptysis, and hemothorax

(ii). The first two complications arise

because the lung has lost its filter

function. The PAVM represents an

extracandiac direct connection be-

tween the pulmonary artery and the

pulmonary vein without an interven-
ing capillary bed. Symptoms occur

because bland emboli and bacteria

pass directly through these “short

circuits” into the systemic cincula-

tion. The thin-walled PAVMs may

rupture into the bronchus, a condi-

tion that leads to hemoptysis. When

PAVMs are located subpleurally,

they may produce fatal hemothomax.

In the present series, we docu-

mented the frequency of prior tran-

sient ischemic attacks and strokes. An

earlier report from our institution in-

dicated that paradoxical emboli and

stroke can occur with a single PAVM

in patients with no previous symp-

toms, hence the importance of family

screening (13). A history of strokes

and transient ischemic attacks was

found in 18% and 37% of our pa-

tients, respectively. The last 59 pa-

tients have undergone CT of the

brain. In 36%, the CT scans were in-

tenpreted as showing unequivocal,

hypoattenuating areas compatible
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with prior stroke. To our knowledge,

no prior series has documented the

frequency of minimally symptomatic

strokes or the high association

among stroke, HHT, and multiple

PAVMs. This association provides an

important impetus for family screen-

ing of patients with HHT. Since bal-

loon embolotherapy, only one pa-

tient has sustained an embolic stroke,

6 months after treatment. In this pa-

tient, treated early in our experience,

many PAVMs were left unoccluded.

Cerebral arterial venous malforma-

tions/hemangiomas were present in

three patients, two of whom were

symptomatic.

Epistaxis occurred in 79% of our

patients and clearly is the most com-

mon symptom of HHT. Dyspnea oc-

curmed in 71% of our patients, a fact

that reflects the multiplicity of mal-

formations and the significant ana-

tomic shunt. Simple and complex

PAVMs occurred in 80% and 20% of

patients, respectively, which was not

at variance with our earlier report

(9). Hypoxemia on room air is a char-

actenistic feature of patients even

with single PAVMs. This is exagger-

ated in the sitting or standing posi-

tions (onthodeoxia) because of the

prevalance of PAVMs in the lower

lobes (20,21). In our series of 276 oc-

cluded PAVMs, 65% were in the low-

en lobes. After embolotherapy, the

difference between Pa02 values in

the sitting and supine positions dis-

appeared, and the mean Pa02 rose to
values compatible with normal ante-

mial oxygen saturation. Failure to con-

rect the Pao2 value to more than 90

mm Hg reflects the presence of resid-

ual small PAVMs. Since 1982, our

goals of embolotherapy have been di-
nected to the occlusion of all PA VMs

with feeding arteries 3 mm or larger

in diameter. No patient treated since

then has sustained a stroke in follow-

up, and their Pao2 values have me-

mained stable, which reflects the

very slow growth of residual PA VMs.

The physiologic features of un-

treated PAVMs and the short-term

effects of embolotherapy have been

reviewed recently (20,21). From the

expanded data in this series, it is

clear that hypoxemia is more severe

in the erect position than in the su-

pine position in patients with

PAVMs. In the seven of 1 1 family

members with newly discovered,

asymptomatic, and isolated PA VMs,

hypoxernia in the erect position on

room air (all Pao2 values less than 85

mm Hg) was present. This observa-

tion requires additional consider-

ation. These seven patients all had

isolated PAVMs, and it is clear that

room air ABC measurements are

probably adequate enough to allow

the detection of isolated PAVMs of

sufficient size (supplying artery

greater than 3 mm) to warrant fur-

then investigation. The next diagnos-

tic procedure should include postemo-

anterior and lateral chest radiogra-

phy and, ultimately, diagnostic

pulmonary angiography. Radionu-

clide angiocardiography, contrast

echocardiography, and contrast ma-

tenial-enhanced CT have been me-

ported to be useful in the diagnosis

of PAVM (22-25). If ABC measure-

ments in the supine and erect posi-

tions and chest radiography prove to

have the sensitivity that we suspect,

then pulmonary angiography would

be the next logical step in determin-

ing the diagnosis. Selective pulmo-

nary angiography not only provides

evidence for the definitive diagnosis,

but also has been shown to be useful

in the detection of unsuspected

PAVMs not recognized on previous

chest radiographs (1 1). Furthermore,

selective pulmonary angiography in

multiple projections is essential in

the planning of embolotherapy.

Until 1977, the treatment of choice

for PAVMs was limited to surgical me-

section on ligation of the PAVM

(26,27). A recent review of patients

with untreated PAVMs indicates the

association of PAVMs with signifi-

cant morbidity and mortality. Porst-

mann’s report and the subsequent me-

port by Taylor et al indicated that

coil embolization was effective thena-

Figure 5. Arterial oxygen pressure (ten-
sion) values of first 72 patients (mean and
standard error of mean) before and after bal-
boon embobotherapy of PAVM. A significant

increase in Pao2 values occurred in all posi-
tions after occlusion, and exaggerated hyp-
oxemia in the standing position (ortho-
deoxia) was reversed. Failure to correct Pao2
to normal values reflects the presence of
small unoccluded PAVMs. Values were ob-

tamed with 55 patients in the lying position,

53 in the sitting position, and 18 in the
standing position (P < .001 before and after
embolization, all conditions).

py for PAVMs (1,2). Our own initial

and subsequent reports favor emboli-

zation with detachable balloons

(3,7,9). Both methods have a follow-

ing, but we prefer the balloon ap-

proach because of the ability to fine-

tune the placement of the balloon be-

fore detachment. Additionally,

compared with coils, the more distal

placement of the balloon prevents

occlusion of normal branches arising

from the artery supplying the PAVM.

The combination of the coil method

with the detachable balloon tech-

nique has been used successfully to

treat ten patients with large PAVMs

(arteries exceeding 9 mm in diame-

ten). This combination includes the

placement of oversize coils followed

by the placement of smaller ones to

form a scaffolding distally in the

branch artery supplying the PAVM.

To effect permanent occlusion, a

large balloon is placed proximally in

the coils. An alternative method

would include the use of larger latex
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balloons, but the need to tie the bal-

loons by hand has limited their wide-

spread applicability.

It is significant that no patient in

this series required surgery because

of failure to occlude a PAVM with
embolotherapy. Follow-up studies

have indicated persistent relief of

hypoxemia and have shown that

minimal growth of small remaining

PAVMs has occurred. CT of the brain

and review of neurologic symptoms

reveals a higher association of embol-

ic stroke in patients with multiple

PAVMs and HHT than has been me-

ported previously. Furthermore, a

previous report has indicated that

paradoxical embolization occurs in

patients with isolated PAVM (13).

The source of emboli in these pa-

tients remains to be determined, but

we suspect that they arise in the pel-
vis or lower extremity. Minimal mom-

bidity and no mortality have oc-

curred in patients treated with bal-

loon embolotherapy. These

observations lead us to conclude that

all PAVMs with arteries exceeding 3

mm in diameter should be occluded

by means of embolotherapy. Addi-

tionally, the screening of family

members with HHT should be pur-

sued vigorously, since room aim ABC

measurements may reveal a higher

frequency of PAVM than previously

reported. U
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