
ulliken classifies vascular malformations into low flow and high-
flow types.1 Capillary, venous, lymphatic, and mixed malforma-
tions are low-flow type anomalies.1 AVMs, which are typified
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Two Cases with Lower Limb
Intraosseous Arteriovenous Malformation:

Embolization Therapy Option

AABBSS  TTRRAACCTT  Ar te ri o ve no us mal for ma ti ons (AVMs) are high-flow vas cu lar mal for ma ti ons which
may re ma in asym pto ma tic for many ye ars or be co me ap pa rent with pa in, swel ling, ul ce ra ti on, dis-
tal isc he mi a, and he morr ha ge.  Tre at ment is man da tory in sympto ma tic le si ons. In Eng lish li te ra -
tu re the re are lots of stu di es abo ut ex tre mity AVMs signs and tre at ments. Ho we ver in tra os se o us
AVMs not inc lu ding sur ro un ding soft tis su es are very ra re and the re are few ca se re ports abo ut its
cha rac te ris tics and tre at ment. In this study we pre sent two ca ses with AVMs lo ca li zed in the dis-
tal fe mur and in vol ving the growth car ti la ge. The first pa ti ent was a 20-ye ar-old man who pre sen -
ted with an in tra ar ti cu lar ha e ma to ma fol lo wing a mi nor tra u ma in his left kne e and an AVM was
de tec ted with DSA in the fe mur. It was tre a ted with mul tip le se lec ti ve em bo li za ti ons. The se cond
pa ti ent was a 14-ye ar-old boy who pre sen ted with left leg swel ling and an AVM was de tec ted in
the fe mur. Be ca u se the in tra os se o us ano ma lo us ves sels we re spre a ding in to the growth car ti la ge, we
de ci ded to fol low him cli ni cally un til a comp li ca ti on oc cur red. Un der the light of the se two ca ses,
we re vi e wed cli ni cal pre sen ta ti ons, an gi og rap hic fin dings and em bo li za ti on tre at ments of ex tre -
mity AVMs and the re le vant li te ra tu re. 

KKeeyy  WWoorrddss::  Em bo li za ti on, the ra pe u tic; ar te ri o ve no us mal for ma ti ons; lo wer ex tre mity 

ÖÖZZEETT  Ar te ri yo ve nöz mal for mas yon (AVM)’ lar yük sek akım lı vas kü ler mal for mas yon lar olup, yıl -
lar ca asemp to ma tik ka la bi lir ler ve ya ağ rı, şiş lik, ül se ras yon, dis tal is ke mi ve ka na ma ile or ta ya çı -
ka bi lir ler. Semp to ma tik lez yon lar da te da vi ge rek li dir. İngi liz ce li te ra tür de eks tre mi te AVM ’nin
bul gu la rı nın ve te da vi le ri nin an la tıl dı ğı bir çok ça lış ma mev cut tur. An cak kom şu yu mu şak do ku la -
rı kap sa ma yan, sa de ce in tra os söz yer le şim li AVM ’ler çok na dir ol du ğun dan bun la rın ka rak te ris tik -
le ri ni ve te da vi si ni an la tan bir kaç adet ol gu bil di ri si mev cut tur. Biz bu ça lış ma da, dis tal fe mur da yer
alan ve bü yü me kar ti la jı na uza nan 2 AVM ol gu su nu su nu yo ruz. İlk has ta 20 ya şın da er kek ti ve ha -
fif bir trav ma dan son ra sol di zin de ek lem için de he ma tom ile gel miş ti ve DSA ile fe mur da AVM sap -
tan mış tı. Lez yon mul tipl se lek tif em bo li zas yon lar ile te da vi edil di. İkin ci has ta sol ba ca ğın da şiş lik
ile ge len 14 ya şın da er kek ço cuk tu ve fe mu run da AVM sap tan mış tı. İntra os söz anor mal da mar lar
bü yü me kar ti la jı na uzan dı ğın dan bu ol gu da komp li kas yon ge li şe ne ka dar ta kip ka ra rı ve ril di. Bu iki
ol gu nun ışı ğın da eks tre mi te AVM ’le ri nin kli nik pre zen tas yon la rı, an ji yog ra fik bul gu la rı ve em bo -
li zas yon te da vi le ri li te ra tür ler le bir lik te tar tı şıl dı. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Te da vi edi ci em bo li zas yon; ar te ri yo ve nöz mal for mas yon; alt eks tre mi te 
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with hyper trop hi ed inf low ar te ri es, shun ting thro -
ugh a pri mi ti ve vas cu lar ni dus in to tor tu o us di la -
ted outf low ve ins, are high-flow con ge ni tal
vas cu lar mal for ma ti ons. The most com mon ana to -
mic lo ca ti ons are the pel vis, ex tre mi ti es, and the
in trac ra ni al cir cu la ti on.2,3

Pri mary in tra os se o us AVMs ma ke up less than
1% of all vas cu lar tu mors of bo ne.4 Ex tre mity
AVMs can re ma in asym pto ma tic for many ye ars or
be co me ma ni fes ted with pa in, swel ling, ul ce ra ti on,
dis tal isc he mi a, he morr ha ge, and leg-length dis cre -
pancy. Tre at ment is man da tory in sympto ma tic le-
si ons. 

We pre sent two ca ses of ar te ri o ve no us mal for-
ma ti ons lo ca li zed in the bo ne wit ho ut soft tis su e
in vol ve ment, both of which we re in vol ving the
growth car ti la ge. Cli ni cal pre sen ta ti ons, an gi og -
rap hic fin dings of the se ra re ca ses and em bo li za ti -
on tre at ments of ex tre mity AVMs are re por ted and
the re le vant li te ra tu re is re vi e wed.  

CA SE REPORT
CASE 1

The first pa ti ent was a 20-ye ar-old man. Left kne -
e in tra ar ti cu lar ha e ma to ma had de ve lo ped af ter a
mi nor tra u ma and an AVM was de tec ted with
DSA. The pa ti ent had be en re fer red for em bo li -
za ti on but he had re fu sed tre at ment. Af ter 2 ye -
ars, he ca me to our cli nic with kne e pa in and
swel ling du e to in tra ar ti cu lar ble e ding and de ci -
ded to un der go the rapy. Af ter in for med con sent
was ob ta i ned di ag nos tic an gi og raphy was per for -
med to de fi ne the AVM’s an gi o arc hi tec tu re and
iden tify any anas to mo ses with nor mal struc tu res,
ane urysms wit hin the le si on, ve no us dra i na ge,
and the po ten ti al ro u tes of ac cess for en do vas cu -
lar the rapy. The AVM was qu i te lar ge with mul-
tip le ni di. The AVM was fe e ding from de ep
fe mo ral ar tery and pop li te al ar tery’s mul tip le
mus cu lar and ge ni cu lar branc hes. Mal for med vas-
cu lar ves sels we re gat he red in-and aro und the
epiph ysis. The re we re mul tip le ar te ri o ve no us
shunts, in tra ni dal, and ve no us si de ane urysms. It
was dra i ning vi a the pop li te al ve in (Fi gu re 1A, B).
Em bo li za ti on with glu e [N-butyl-cya no acr yla te

(NBCA) His to acryl] was plan ned. A 5F gu i ding
cat he ter was pla ced in to the pop li te al ar tery with
ret rog ra de punc tu re. A 3-F mic ro cat he ter was
ad van ced co a xi ally thro ugh a 5 F gu i ding cat he -
ter and ad van ced ca re fully as clo se as pos sib le to
the ni dus. Pa pa ve ri ne was re ady for se ve re va sos -
pasm but it did not oc cur. Pro per cat he ter pla ce -
ment was con fir med by con trast in jec ti ons
thro ugh the gu i ding cat he ter. Af ter in ser ti on of
the mic ro cat he ter, glu e and li pi o dol mix tu re was
in jec ted. Em bo li za ti on was do ne thro ugh de ep fe -
mo ral ar tery and pop li te al ar tery branc hes. Glue-
li pi o dol ra ti o was 25%. Em bo li za ti on was do ne in
3 re pe a ted ses si ons with thre e months ti me in ter-
val. Af ter the em bo li za ti ons, su per fi ci al fe mo ral
ar tery was pa tent and mi nor fe ver and pa in oc-
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FIGURE 1A: AP Knee radiography of patient 1 shows lytic lesions with fine
borders. There is no cortical reaction or soft tissue mass.



cur red (Fi gu re 1C, D). Fe ver las ted for a few days
and pa in was pal li a ted with nons te ro id anal ge sics.
No skin ul ce ra ti on was de tec ted. The pa ti ent was
symptom fre e un til to da te (15 months).      

CA SE 2

The se cond pa ti ent was a 14-ye ar-old boy with
left leg swel ling and mul tip le va ri co se ve ins (Fi g-
u re 2A). As cen ding ve nog raphy sho wed mul tip le
va ri co se ve ins with pa tent de ep cru ral ve no us sys-
tem. Be ca u se of lo ca li zed di lu ti on of con trast opa -
ci fi ca ti on in the pop li te al ve in, high flow
com mu ni ca ti on (AV fis tu la dra i ning ve in en tran -
ce?) was sus pec ted (Fi gu re 2B, C). On di ag nos tic
ar te ri og raphy, he had AVM in the left kne e at the
sa me lo ca li za ti on as ca se 1, which was fe e ding
from me di al and la te ral ge ni cu la te ar te ri es. The
in te ros se o us ano ma lo us ves sels we re spre a ding 
in to the growth car ti la ge (Fi gu re 2D). Af ter con-
sul ta ti on with ort ho pa e dics, cli ni cal fol low up
was de ci ded un til a comp li ca ti on oc cur red (be ca -
u se of fe ar of iat ro ge nic isc he mi a of epiph yse al
car ti la ge and frus tra ti on of the growth) and en-
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FI GU RE 1B: An gi og raphy by su per fi ci al fe mo ral ar tery in jec ti ons shows vas-
cu lar mal for ma ti on in the left kne e. Vas cu lar chan nels are gat he ring in-and
aro und the fe mur epiph ysis.

FI GU RE 1C: Postembolization angiography shows that there is no nidi and fis-
tula opacification from popliteal artery. Also note that it seems there is short oc-
clusion at the popliteal artery due to compact glue cast subtraction artifact (arrow).

FI GU RE 1D: Postembolization angiography shows that there is no nidi and
fistula opacification from deep femoral artery.



do vas cu lar the rapy was plan ned af ter clo su re of
growth pla te.

DIS CUS SI ON
AVM’s can re sult from pe net ra ting tra u ma or can
be con ge ni tal. Alt ho ugh post tra u ma tic le si ons are

usu ally sing le, con ge ni tal le si ons can be mul tip le
and mo re dif fu se. Con ge ni tal le si ons can be es tab -
lis hed af ter de li very or can ap pe ar af ter tra u ma or
du ring pe ri ods of hor mo nal sti mu la ti on, such as in
me narc he and preg nancy or any ti me du ring li fe ti -
me.3 Up to 50% of con ge ni tal AVM’s are lo ca li zed
in the limbs and 2/3 of them are in the lo wer ex tre -
mi ti es.5

The signs and symptoms of AVM in ex tre mi -
ti es are re la ted to the le si on si ze and lo ca ti on.
Thrill, pal pab le mass, hyper trophy in the ne igh bo -
u ring bo nes and soft tis su es, at rophy and ul cers at
the tip of the ex tre mi ti es, chan ges in the overl ying
skin pig ment, va ri co se ve ins, ti red ness of the leg
du e to chro nic ve no us hyper ten si on, pa in du e to
ner ve im pres si ons and he art fa i lu re in lar ge le si ons
can be se en. They can le ad to leg-length dis cre -
pancy du e to hyper trophy. Par kes-We ber syndro -
me (PWS) is cha rac te ri zed by ar te ri o ve no us
mal for ma ti ons with bony and soft-tis su e hyper -
trophy of one or mo re limbs.3,6 Alt ho ugh the di ag -
no sis of ex tre mity AVM’s can usu ally be ma de by
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FIGURE 2A: Bilaterally AP knee radiography of patient 2 shows lytic lesion
within the left femur with fine borders.

FIGURE 2B, C: B (Oblique position), C (AP position) Ascending venography
shows multiple varicose veins with patent deep crural venous system and lo-
calized dilution of contrast opacification in the popliteal vein.

FI GU RE 2D: Diagnostic arteriography shows an AVM in the left knee which
is feeding from medial and lateral geniculate arteries and the interosseos
anomalous vessels are spreading into the growth cartilage. There is a ve-
nous lake seen in the lytic lesion.



his tory and physi cal exa mi na ti on, in tra os se o us
com po nent of a soft tis su e AVM can not be exc lu -
ded with cli ni cal fin dings alo ne. 

In Eng lish li te ra tu re the re is li mi ted ca se re-
ports des cri bing ar te ri o ve no us mal for ma ti ons lo ca -
li zed in the bo ne.4,7 Most of in tra os se o us AVMs are
lo ca li zed in the cra ni o fa ci al bo nes and the bo di es
of ver teb ra e.8 In tra os se o us AVMs can be de tec ted
as cor ti cal and me dul lar mul tip le, smo oth, lu cent
ser pi gi no us le si ons of ten with scle ro tic bor ders and
wit ho ut pe ri os te al re ac ti on and soft tis su e mass.
The le si on can le ad to ex pan si on of the me dul lary
ca nal and en lar ging of the nut ri ent ca nal. Mul tip le
phle bo liths can be fo und in ve no us ec ta si as on the
ra di og raph.4,9 Ha e mart hro sis with in tra-ar ti cu lar
ex ten si on can be se en. In tra os se o us AVM’s X-ray
fin dings may not be dif fe ren ti a te from ot her lytic
le si ons and sho uld be eva lu a ted with ot her di ag -
nos tic mo da li ti es. 

Com pu ted to mog raphy (CT) scan ning and
mag ne tic re so nan ce ima ging (MRI) can be used for
con fir ma ti on. Bo ne ex pan si on, pe ri os te al re ac ti on,
lytic or scle ro tic os se o us chan ges, con trast en han -
ce ment, throm bus for ma ti on and cal ci fi ca ti on are
ea sily de tec ted with CT. CT pro vi des less in for ma -
ti on abo ut blo od flow; MRI has rep la ced CT in the
eva lu a ti on of vas cu lar mal for ma ti ons. MRI is the
most va lu ab le mo da lity in the clas si fi ca ti on of vas-
cu lar mal for ma ti ons.10 The ex tent of the AVM (fo -
cal, mul ti fo cal or dif fu se) and in vol ved tis su e la yers
co uld be de ter mi ned with MRI. Slow-flow vas cu -
lar mal for ma ti ons ha ve high sig nal in ten sity on T2
we igh ted ima ges. High-flow vas cu lar mal for ma ti -
ons show sig nal vo ids.10 Low and high-flow vas cu -
lar le si ons can be dis tin gu is hed with MRI. On
oc ca si on aty pi cal low flow mal for ma ti ons may sha -
re fe a tu res with an gi o sar co ma or fib ro sar co ma. In
such a ca se bi opsy sho uld be do ne.11 An gi og raphy
is im por tant for pre o pe ra ti ve as sess ment and as a
pre cur sor to in ter ven ti o nal pro ce du res. Fe e dings
ar te ri es, dra i ning ve ins and ni di are se en on an gi -
og raphy in high flow vas cu lar mal for ma ti ons. In
our pa ti ents, AVM had be en di ag no sed with cli ni -
cal fin dings and they we re re fer red to our cli nic for
DSA.  Af ter DSA we did not re qu i re MRI exa mi -
na ti on. 

The ma na ge ment of all types of vas cu lar mal-
for ma ti ons re qu i res a mul ti dis cip li nary ap pro ach
and tre at ment sho uld, if pos sib le, be con ser va ti ve.
The rapy in di ca ti ons for AVMs that are lo ca li zed in
the bo ne or soft tis su es are the sa me. It is man da -
tory in the ca se of an en lar ging le si on be fo re sig ni -
fi cant over growth of the ex tre mity or se ve re
dis fi gu re ment of the pa ti ent de ve lops. Ble e ding of
the le si on, in fec ti on and cri ti cal dis tal isc he mi a fin -
dings are ot her in di ca ti ons for tre at ment.12 An gi -
og raphy is ne ces sary if tre at ment is plan ned.

The tre at ment op ti ons of in tra os se o us and soft
tis su e AVMs are si mi lar. To tal sur gi cal re sec ti on is
ge ne rally con si de red the op ti mal the rapy be ca u se
of the ten dency of the AVMs to ex pand and re oc -
cur with ti me. Ho we ver, sur gery is of ten as so ci a ted
with pro fu se ble e ding, in comp le te re sec ti on and lo -
cal re cur ren ce.13

Em bo li za ti on is an im por tant op ti on in com-
p lex AVM tre at ment along si de sur gery. It may be
used in all AVMs whet her they are lo ca li zed in
the bo ne or soft tis su es. It is ra rely cu ra ti ve but
of ten pal li a ti ve. It can al so be used pre o pe ra ti vely
to ac hi e ve ef fec ti ve de vas cu la ri za ti on, mi ni mi ze
in tra o pe ra ti ve blo od loss, fa ci li ta te sub se qu ent
sur gi cal ex ci si on and per mit a mo re li mi ted am-
pu ta ti on.  The go al of em bo li za ti on is to occ lu de at
the le vel of the ni dus. Per ma nent em bo lic ma te -
ri als are used for the tre at ment. Li qu id ad he si ves
such as onyx, cya no acr yla te, and poly vinyl al co -
hol par tic les (PVA), sta in less ste el co ils and de tac -
hab le bal lo ons are all used ma te ri als. Be ca u se
em bo li za ti on co ils and de tac hab le bal lo ons occ lu -
de lar ge ves sels, they ge ne rally ha ve no ro le in the
em bo li za ti on of comp lex AVMs ex cept that of the
lung AVMs. PVA ha ve be en used, but de ter mi -
ning the ap prop ri a te si ze to use is prob le ma tic, le -
a ding to the risk of pa ra do xic em bo li za ti on to the
lungs.14 The abi lity of a li qu id agent to pe net ra te
and occ lu de at the le vel of the ni dus ma kes it cri t-
i cally im por tant. Cya no acr yla te is the ma in li qu -
id ad he si ve used in en do vas cu lar pro ce du res. It is
easy to de li ver cya no acr yla tes thro ugh mic ro cat -
he ters be ca u se they ha ve low vis co sity. Ho we ver,
ca re ful at ten ti on and flu o ros co pic con trol is man -
da tory du ring the tre at ment. Be ca u se ref lux and
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glu e en te ring a branch dis tal to the cat he ter tip
can oc cur and can le ad to un wan ted isc he mic in-
jury. Glu ing of the cat he ter tip is anot her comp li -
ca ti on. As the vo lu me of glu e is usu ally qu i te
small, pul mo nary em bo lism is usu ally asym pto -
ma tic and can be ig no red.15 The de ve lop ment of
new col la te rals can be ma na ged with re pe a ted
em bo li za ti on the rapy when ne ces sary. In our ca -
se cya no acr yla te em bo li za ti on was ac hi e ved wit -
ho ut ma jor comp li ca ti ons. Mi nor fe ver and pa in
oc cur red and nons te ro id anal ge sics we re suf fi ci -
ent for pal li a ti on.

The re are se ve ral stu di es de fi ning long-term
re sults of trans cat he ter em bo li za ti on du e to the
AVM’s ti me co ur se pro long. Whi te et al tre a ted 20
pa ti ents, fol lo wed tho se 1-18 ye ars, and re por ted
the ir re sults in 2000. They no ti ced that lo wer ex-
tre mity AVM’s with dif fu se in vol ve ment of all
thre e tri fur ca ti on ar te ri es ul ti ma tely re qu i red am-
pu ta ti on be ca u se of re cur ren ce of symptoms af ter
tech ni cally and cli ni cally suc cess ful em bo lot he -
rapy. Cya no acr yla te em bo lot he rapy alo ne or in
com bi na ti on with sur gi cal re sec ti on of the AVM
pro vi ded ex cel lent long-term pal li a ti on in pa ti ents
with up per ex tre mity AVM’s.16 Rock man et al tre -
a ted 34 pa ti ents with pre do mi nant ar te ri o ve no us
shun ting or pre do mi nantly ar te ri al AVM. They

used dif fe rent em bo li za ti on ma te ri als and sa id that
trans cat he ter em bo li za ti on sho uld be the tre at ment
of cho i ce for sympto ma tic ca ses.3 Krom ho ut et al
re por ted the ir ex pe ri en ce on 81 pa ti ents. They tre -
a ted them with a com bi na ti on of sur gi cal and tran-
s cat he ter tech ni qu es. They felt that the mo re
pro xi mal le si ons with ar te ri o ve no us shunts did bet-
ter with em bo li za ti on.17 Our pa ti ent was symptom
fre e for 15 months. Af ter em bo li za ti on scle ro sis in
the in tra cor ti cal or in tra me dul lar lu cent are as we -
re se en.4

Prog no sis in all types of AVMs de pends on
ma king a cor rect di ag no sis be fo re comp li ca ti ons
oc curs and cho o sing su i tab le tre at ment op ti ons. 

CONC LU SI ON
Be ca u se of the ra rity, the re are few re ports in Eng-
lish li te ra tu re pub lis hed abo ut cha rac te ris tics and
tre at ment op ti ons of in tro os se o us AVMs. In this
study we re por ted 2 ca ses with in tra os se o us AVM
along with the ir cli nics, grap hi es and ma na ge ment.
It is im por tant to know that when an AVM has be-
co me sympto ma tic, cu ra ti ve comp le te sur gi cal re-
sec ti on is ra rely pos sib le. In pa ti ents with lar ge
AVM’s trans cat he ter ar te ri al em bo li za ti on is use-
ful to eli mi na te or im pro ve symptoms, alt ho ugh
mul tip le pro ce du res are of ten ne ces sary.
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