
The Yakes AVM Classification System: The Yakes AVM Classification System: 
Curative Treatment Strategies Based on Curative Treatment Strategies Based on 

Specific VM Angioarchitecture Specific VM Angioarchitecture 

Wayne F. Yakes, MD, FSIR, FCIRSE
Director – The Yakes Vascular Malformation Center

501 East Hampden Avenue – Suite 4600
Englewood, CO 80113 USA



NOTHING TO DISCLOSE



Classification of AVMs:
The Houdart CNS Classification
The Do Peripheral Classification

The Yakes Classification 



Houdart E, Gobin YP, Casasco A, 
Aymard A, Herbreteau D, Merland JJ. 

“A proposed angiographic classification 
of intracranial arteriovenous fistulae and 

malformations”

Neuroradiology 1993; 35: 381- 385









Cho SK, Do YS, Shin SW, Kim DI, Kim 
YW, Park KB, Kim EJ, Ahn HJ, Choo SW, 

Choo I. “Arteriovenous Malformations of the 
Body and Extremities: Analysis of 

Therapeutic Outcomes and Approaches 
According to a Modified Angiographic 

Classification”

J Endovas Ther 2006; 13:527-538









Yakes WF, Yakes AM. 
“Arteriovenous Malformations: The 

Yakes Classification and its 
Therapeutic Implications. ”

EGJVES. 2014;10 (1): 9-23.



YAKES AVM CLASSIFICATION 
SYSTEM

Type I A direct artery to vein fistula connection.

Type IIa Multiple arteries/arterioles connecting to a typical “nidus”
interconnecting vascular tubular structures that then drain into out-flow 
veins.

Type IIb Same as Type IIa except the “nidus” drains into an aneurysmal vein 
single out-flow vein.

Type IIIa Multiple in-flow arterioles shunting into an aneurysmal vein that has a 
single vein out-flow.  Fistulae are in the vein wall.

Type IIIb Multiple in-flow arterioles shunting into an aneurysmal vein with 
multiple out-flow veins. The fistulae (nidus) are in the vein wall.

Type IV Multiple arteries/arterioles that branch in “en passage” fashion to form 
innumerable micro-fistulae that diffusely infiltrate the affected tissue. 
Because the tissue is viable and not devitalized, capillary beds must 
also be present admixed among the innumerable AVFs. The 
innumerable micro-AVF drain into multiple veins. The tissues normal 
post-capillary venous drainage then competes with the arterialized vein 
out-flow for drainage causing venous HTN in tissue. 



Treatment of Complex AVMs
•Determination of AVM angioarchitecture, 
important anatomy surrounding the AVM, and 
endovascular decision making are critical to 
success or failure.

•Ethanol and fibered coils as embolic agents.

•Retrograde vein, transcatheter, and direct 
puncture approaches are used to deliver embolic 
agents.





Yakes Type I AVM
Direct AV connection that can be treated 
with fibered coils, Amplatzer plugs, and 

the like. Mechanical device occlusion 
can be curative. Smaller AV connections 

can also be cured using ethanol as a 
sclerosant injected into the AVF.



Yakes Type I AVM
41 year old female with a large tortuous 

direct AVF of the Rt. Kidney. 
Endovascular mechanical occlusion with 

coils placed from the arterial-side and 
also placed in retrograde fashion on the 

vein-side proved curative.



























6 month f/up



37 month f/up



Yakes Type I AVM

33 year old male with massive AVM of 
Rt. peri-mandibular, intra-parotid, and 
paraspinal infiltration. Pain, pulsatile 
tinnitus, and growing palpable lesion.

































Newly discovered concurrent 
CAPILLARY-VENOUS 
MALFORMATION!!!!

A second vascular malformation in the 
same anatomy with the Yakes Type I 

AVF



































































Yakes Type IIa AVM

Typical “nidus” (Latin: “nidum”
meaning “nest”) vascular 

angioarchitecture. Ethanol embolization 
superselectively delivered by 

transcatheter and direct puncture 
techniques into the “nidus” itself is 

curative.











16 year f/up



16 year f/up





Yakes Type IIa AVM

19 year old female with a painful, 
pulsatile mass in the Lt supraclavicular 

area.

Lt shoulder & chest wall AVM.



















Yakes Type IIb AVM
In this type of AVM a “nidus” is present, however, instead of 
multiple out-flow veins draining from the “nidus”, there is a 

single aneurysmal out-flow vein for drainage from the “nidus”. 
Two endovascular approaches are curative for this Type IIb 

AVM.  As in Type IIa AVMs, transarterial embo and nidal direct 
puncture ethanol embolizations are curative. Additionally, as will 

be seen in Yakes Type IIIa AVMs & Yakes Type IIIb AVMs, 
transvenous retrograde vein approaches & direct puncture of the 
vein aneurysm with complete coil packing of it is also curative.
Thus, either approach can be curative in Yakes Type IIb AVMs. 











5 year f/up



5 year f/up







Yakes Type IIb AVM

32 year old wife of an Anesthesiologist with a large left pelvic
AVM causing severe dyspareunia.  Endovaginal US demonstrated 

an arterialized aneurysmal vein. Bimanual pelvic exam by her 
Gynecologist revealed a pulsatile mass along he left vaginal wall.

This case is remarkable in that the “nidus” was deceptive on 
arteriography. A “false nidus” and “true nidus” required accurate 

discernment before treatment could be contemplated. ETOH 
embo of the “true nidus” was performed by direct puncture of 

both of the in-flow arteries for curative treatment.







Yakes Type IIIa AVM

Multiple in-flow arteries into an 
aneurysmal vein with single out-flow 

vein. Ethanol and/or coils can be 
curative.        



Yakes Type IIIa AVM

30 year old male school teacher with an 
enlarged Lt thigh, Lt thigh pain syndrome, 

sheets of calcifications throughout the thigh 
muscles, & limited flexion at the Lt knee.

Lt femur intraosseous AVM. The patient 
had a 2nd AVM in the Popliteal space.













6 year f/up



11 year f/up



Yakes Type IIIa AVM

43 year old male with post-prandial 
intestinal angina and 40 lb weight loss 

over 3 months. AVM at root of the 
mesentery supplied by the IMA.



















5 yr arteriographic F/up



5 yr arteriographic F/up



5 yr arteriographic F/up



Yakes Type IIIb AVM
34 year old Turkish Army female s/p many Onyx 

embos in Istanbul.
Symptoms progressively worsened to now having a 

painful ischemic hand and functionless LUE 
secondary to unremitting pain.

Multiple Yakes Type IIIb AVMs in multiple 
compartments in Lt chest-shoulder-proximal arm 

areas.
Yakes Type IV AVM of bone in distal Lt humerus.



9/14/2005



9/14/2005



















































Yakes Multiple Type IIIb AVMs
7 year old female with  multiple AVMs of the 

Rt face, Rt maxilla, Rt mandible, & Rt 
Temporalis. Multiple episodes right oral 

gingival hemorrhages. Loose molars right 
mandible. Steadily worsening condition. Seen at 
UCSF and Stanford and both recommended Rt 

hemi-facial and Rt orbital resection. 















































































































RCCA  12/16/2009
1 year f/up



RECA  2/22/2012
4 year f/up



2/18/2015
7 year f/up



RCCA   2/18/2015
7 year f/up





Lt  Facial  2/18/2015
7 year f/up





02/18/2015







02/18/2015





Yakes Type IV AVMs
An unusual angioarchitecture for AVMs. In all AVMs there 

is an artery-to-vein connection without an intervening 
capillary bed by definition.  In this Type IV AVM, there are 
innumerable micro-fistulae infiltrating a tissue. But for the 

tissue to exist there must also be nutrient capillaries separate
from the AVFs connections, arising from the same arterioles 
as the AVFs. Therein lies the problem of vascular occlusion 
of the AVFs and sparing of the capillaries admixed among 

the AVFs.



Multiple in-flow arteries with innumerable fistulae  
throughout a tissue are admixed with the capillary beds. 
Multiple out-flow AVF arterialized veins force the tissue 

veins to compete for out-flow and this causes tissue 
venous HTN. This venous HTN causes problems in the 

tissues as the normal out-flow veins from capillary 
drainage now have restricted out-flow and vascular 

pressures increase in the normal vessels, and the tissues, 
and can become engorged. Venous HTN is one cause of 

the tissue complications that occur…



……..A 50%-50% mixture of ethanol and non-
ionic contrast can be curative in this lesion type 
as an embolic agent as it shunts quickly through 
the low-resistance AVFs, and is difficult to flow 
through the engorged increased resistance of the 
normal capillaries due to its increased viscosity 

mixed with contrast.



Yakes Type IV AVMs
•Transarterial approaches using 50%-50% ETOH-Non-Ionic 
contrast is efficacious in ablating this infiltrative form of 
AVM via transcatheter or direct puncture techniques.

•Normal tissues and capillary beds are spared by this new 
technique innovation.

•Direct puncture in the fistulous connections allow non-
diluted ETOH to be used safely in treating this infiltrative 
AVM type.



Endovascular Techniques for 
Yakes Type IV AVMs

•Transarterial embo proximal to the AVFs use 50%-50% 
ethanol with non-ionic contrast to treat this AVM type.

•If direct puncture into the AVFs is possible, then pure 
ETOH can be used as capillaries are now not at risk.



Example of AVM Direct Puncture 
Technique

39 year old male with Rt hand Yakes Type IV AVM 
infiltrating the dorsum of the hand with an enlarging 

painful mass. Example of a single session ethanol 
embolization with direct puncture into multiple 

microfistulous compartments





Note Onyx cast & clips to no 
effect



Pre-Embo #1



Post-Embo #1a: 2 ml ETOH



Pre-Embo #2



Post-Embo #2a: 2 ml ETOH



Pre-Embo #3



Post-Embo #3a: 2 ml ETOH 



Pre-Embo Angio



Post-Embo Angio



Post-Embo Angio: Note 
all arteries remain intact















12 year f/up





12 year f/up





12 year f/up



12 year f/up




