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CEREBRAL AVMs:
CLINICAL DATA AND NATURAL HISTORY

• (Epidemiology)
• Clinical presentation
• Risk of hemorrhage
• Spontaneous regression     

(and recurrence) 



Choi & Mohr, Lancet Neurol 4: 299 (2005)



CLINICAL PRESENTATION



CEREBRAL AVMs: CLINICAL PRESENTATION

Camarata and Heros,  Neurological Surgery (Youmans ed, 1996)

• Hemorrhage: 41-79%

• Epilepsy: 11-33%

• Headache: <  20 %

• Progressive neuro deficit: <  20 %

• Intellectual deterioration: rare

• Pseudo-tumor syndrome: rare
• Hydrocephalus: rare

• Cardiac failure: (only in infants)



Hofmeister et al, Stroke 31: 1307 (2000)

CLINICAL PRESENTATION IN BRAIN AVMs,
ACCORDING  TO 5 PROSPECTIVE CLINICAL SERIES 



CLINICAL PRESENTATION IN BRAIN AVMs,
ACCORDING  TO 5 PROSPECTIVE CLINICAL SERIES 

Hofmeister et al, Stroke 31: 1307 (2000)



POPULATION- BASED STUDY ON PRESENTATION (AND OUTCOME)
OF BRAIN AVMs (WESTERN AUSTRALIA, 1.8 MILLION PEOPLE)

Ap Simon et al, Stroke 33: 2794 (2002)



Choi & Mohr, Lancet Neurol 4: 299 (2005)

REVIEW ON CLINICAL PRESENTATION OF BRAIN AVMs



BRAIN AVMs: ANALYSIS OF CASES PRESENTING WITH SEIZURES

Ding et al, World Neurosurg (2015)



BRAIN AVMs: ANALYSIS OF CASES PRESENTING WITH HEADACHE

Ellis et al, J Clin Neurosci (2015)



LARGEST SERIES ON CLINICAL FEATURES OF BRAN AVMs
(BEIJING HOSPITAL, 3299 CONSECUTIVE PTS, YRS 1980 -2015)

Tong et al, World Neurosurg (2015)
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LARGEST SERIES ON CLINICAL FEATURES OF BRAN AVMs
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AVM location vs hemorrhagic
or epileptic presentation



LARGEST SERIES ON CLINICAL FEATURES OF BRAN AVMs
(BEIJING HOSPITAL, 3299 CONSECUTIVE PTS, YRS 1980 -2015)

Tong et al, World Neurosurg (2015)

AVM location vs presentation with headache or neurological deficits



FACTORS ASSOCIATED WITH
RISK OF HEMORRHAGE



CEREBRAL AVMs:
EVOLVING CONCEPTS ON RISK OF HEMORRHAGE

1. Crude incidence of future hemorrhage in a given population, without
subgroup analysis (years 1980- 90)

2. Recognition of (various) anatomical factors associated with initial
hemorrhagic presentation (years 1990- 2000)

3. Selection of (few) anatomical factors significantly predicting
subsequent hemorrhage (after 2000)



CEREBRAL AVMS: NATURAL RISK OF 
HEMORRHAGE IN LARGE COHORTS BEFORE 2000

• For ruptured AVMs
– 3.5 – 3.9% per year

– 3.6% (Crawford et al, 1986)
– 3.9% (Ondra et al, 1990)
– 3.5% (Barone et al, 1995)

• For unruptured AVMs
– 1.7 – 4% per year

– 1.7%(Crawford et al, 1986)
– 4.0% (Ondra et al, 1990)
– 2.8% (Barone et al, 1995)

Crawford et al, J Neurol Neurosurg Psychiatry, 1986
Ondra et al, J Neurosurg, 1990

Barone et al: Proceedings 10th European Congr Neurosurgery, Berlin 1995



A RETROSPECTIVE CLINICAL STUDY ON
RISK OF FUTURE HEMORRHAGE IN AVM PTS

• 168 patients with AVMs never treated before

• evaluation until surgery, embolization, radiosurgery or death

• median follow-up 15 years (range 1 - 40)

(10th European Congress of Neurosurgery - Berlin 1995)

Barone G, Perini S, Pecoraro MG, Pasqualin A, Talamini G, Da Pian R.

Neurosurg. Dept of Verona and Padova (years 1952-1993)





SERIES OF BARONE et al (1995)

Risk of 1st hemorrhage: 2.8 % / year
Risk of 2nd hemorrhage: 3.5 % / year
Risk of 3rd hemorrhage: 7.7 % / year

CONCLUSIONS:

Risk of death: 1.2 % (1st hemorrhage)
1.6 % (2nd hemorrhage)
3.0 % (3rd hemorrhage)



1. Recognition of (various) anatomical
factors associated with initial

hemorrhagic presentation
(years 1990- 2000)



• Deep venous drainage
(Marks et al,1990 - Miyasaka et al,1992 -
Kader et al,1994 - Turjman et al,1995)

• Periventricular location
(Marks et al,1990 - Turjman et al,1995)

• Intranidal aneurysms
(Marks et al,1990 - Turjman et al,1995)

• Associated (non- intranidal) aneurysms
(Willinsky et al,1988 - Turjman et al,1995)

• Feeding by perforators
(Turjman et al,1995)

PRESENTATION WITH HEMORRHAGE:
SIGNIFICANTLY RELATED RISK FACTORS



LARGE RECENT STUDIES ON ASSOCIATION OF 
AVMs WITH ANEURYSMS

1. REDEKOP et al (632 AVM pts / 1998):
- similar rate of hemorrhagic presentation for flow-related aneurysms

and for associated AVMs

- for intranidal aneurysms, hemorrhagic presentation in 72 % of cases
and 9.8 % per year risk of subsequent hemorrhage

2. MEISEL et al (662 AVM pts / 2000):
- similar rate of hemorrhagic presentation between pts with

aneurysms (intranidal or flow-related) and pts without

- for intranidal aneurysms, significantly higher risk of
subsequent hemorrhage

Redekop et al, J Neurosurg 89:539 (1998)
Meisel et al, Neurosurgery 46:793 (2000)



• Comparison between UCSF and Columbia groups

• Coexisting aneurysms: 34% UCSF, 29% Columbia

• Initial hemorrhagic presentation significantly associated
(p=0.04) with presence of coexisting aneuryms only in the 
Columbia group

CEREBRAL AVMs WITH COEXISTING ANEURYSMS: 
HETEROGENITY IN NATURAL HISTORY

Halim et al, Stroke 33:675 (2002)



THE SIGNIFICANCE OF COEXISTING ANEURYSMS 
IN PATIENTS WITH CEREBRAL AVMs:

THE BEIJING EXPERIENCE

• 302 pts considered (years 1999 – 2008)

• anatomical factors associated with hemorrhagic presentation (multiv. analysis):
- deep location
- infratentorial location
- single draining vein
- varices in venous drainage
- coexisting aneurysms

• 74 pts with coexisting aneuryms
- significant association (p = 0.04) with infratentorial AVM 
location;  no association with other anatomical factors

Lv et al, World Neurosurg 76:95 (2011)
Lv et al, World Neurosurg 76:288 (2011)



1. Selection of (few) anatomical
factors significantly predicting

subsequent hemorrhage
(after 2000)



CEREBRAL AVMs:
DIFFERENCES IN THE RISK OF HEMORRHAGE

• Prospective evaluation (yrs 2000 – 2001) in two large referral 
centers (UCSF: 82 patients; Columbia Med. Center: 254 pts)

• Significant risk factors for hemorrhage:
- Deep venous drainage  (p < 0.001 for Columbia,

p = 0.003 for UCSF)
- Small AVM size  (p < 0.001 for Columbia)
- Any aneurysm associated  (p = 0.044 for Columbia)

- Flow– related aneurysm (p = 0.006 for UCSF)

Halim et al, Stroke 33:675 (2002)



RECENT PROSPECTIVE STUDIES 
ON RISK OF HEMORRHAGE

Group Year Pts
considered

Period of
study

Total
pt-yrs Mean follow-up

COLUMBIA Univ.
(New York) 2006 622 1989-2004 1417 2.4 yrs

UCSF Univ.
(S. Francisco) 2007 1464 1961-

2006* 6011 4.7 yrs

KYOTO Univ. 2007 305 1983-2005 892
2.3 yrs (hemor. gr.)

3.5 yrs (non hemor. gr.)

HELSINKI Univ. 2008 238 1942-2005 3222 13.5 yrs

TORONTO Univ. 2009 678 1986-2004 1931 2.9 yrs

* UCSF = 2000 – 2006;  Kaiser Permanente = 1961-2001



RECENT PROSPECTIVE STUDIES:
EVALUATION OF RISK FACTORS FOR HEMORRHAGE

Annual bleeding rate:
Risk factors for bleeding

ruptured unruptured

COLUMBIA 5.9% 1.3% - deep location
- exclusively deep venous drainage

UCSF 3.7% 1.4% - hispanic race
- (exclusively deep venous drainage) 

KYOTO 6.8% 3.1%
- children
- female gender
- deep location

HELSINKI 6.2% 2.3%
- large AVM size
- infratentorial location
- deep location

TORONTO 7.4% 2.8% - (associated aneurysms)
- (deep venous drainage)



• 9 natural history studies identified (published 1986-2009)
• 3923 pts with AVMs considered
• 18.423 pt-years of follow-up
• Annual bleeding rate: 4.5% for ruptured, 2.2% for unruptured
• Significant risk factors:

a) deep location; b) exclusively deep venous drainage; 
c) associated aneurysms

Gross and Du, J. Neurosurg. 118:437 (2013)



• Mohr et al, Lancet 383:614 (2014)

THE ARUBA STUDY ON UNRUPTURED CEREBRAL AVMs

Risk of hemorrhage
in medical group
not different from
recent studies:

2.2% per year



ANATOMICAL RISK FACTORS FOR HEMORRHAGE 
DETECTED IN 5 RECENT PROSPECTIVE STUDIES AND 

IN A COMPREHENSIVE META-ANALYSIS (2013)

- Deep location
- Infratentorial location
- Exclusively deep drainage
- Large AVM size
- Associated aneurysms

- Deep location
- Exclusively deep drainage
- Associated aneurysms

Kim et al, Stroke 38:2430 (2007)
Stapf et al, Neurology 66:1350 (2006)
Yamada et al, J.Neurosurg 107:965 (2007) 
Hernesniemi et al, Neurosurgery 63:823 (2008)
Da Costa et al, Stroke 40:100 (2009)

Gross & Du, J.Neurosurg 118:437 (2013)

Meta-analysis (Gross & Du, 2013)5 prospective studies



CHANGES IN RISK FACTORS, ACCORDING TO 
STATISTICAL ANALYSIS: THE EXPERIENCE OF HELSINKI

Univariate analysis:
- young age
- previous rupture
- deep and infratentorial location
- exclusively deep venous drainage

Multivariate analysis (“model 1”):
A. During first 5 years B. During entire follow-up period

- previous rupture - previous rupture
- deep location - deep location

- infratentorial location
- large size

Hernesniemi et al, Neurosurgery 63:823 (2008)



• 96 pts with AVMs of basal ganglia and thalamus
evaluated (Stanford Group)

• Presentation with hemorrhage in 72% of cases 
(85% of these cases left with hemiparesis)

• Risk of hemorrhage after AVM detection:
9.8% per year

J Neurosurg 98:747 (2003)



3 GROUPS OF SPETZLER’S GRADE 4 & 5 AVMs:
ANNUAL RISK OF HEMORRHAGE

Pts Period 
evaluated

Overall 
risk

Risk for presentation:
hemorragic   vs  non hemorragic

BARROW
(2003) 73 1997-2000 1.5% not evaluated

STANFORD
(2007) 61 1998-2004 10.4% 13.9% 7.3%

HELSINKI
(2011) 63* 1952-2005 3.3% 6.0% 1.1%

Han et al, J.Neurosurg 98:3 (2003)
Jayaraman et al, Stroke 38:325 (2007)

Laakso et al, Neurosurgery 68:372 (2011)

*Only untreated pts considered,
long follow-up (11.0 yrs)



CEREBRAL AVMs:
MORBIDITY AFTER HEMORRHAGE

• 241 pts with cerebral AVMs from the Columbia AVM databank 
prospectively evaluated

• Hemorrhage from cerebral AVMs associated with lower morbidity 
than hemorrhage from other causes

• Median RS 2 after first hemorrhage; not worse after recurrent 
hemorrhage 

Stroke 37: 1243 (2006)



OTHER ASPECTS OF NATURAL HISTORY 
(spontaneous regression, recurrence)



SPONTANEOUS    DISAPPEARANCE OF   
INTRACRANIAL   AVMs

A VERY RARE PHENOMENON

– 25 cases reported
in the literature
before 1985

– 4 cases out of 180
in our series (2.2%)

Acta Neurochir 76: 50-57(1985)

• Paterson and Mc Kissock,     Brain (1956)
• Hook and Johanson,  Acta Neurol Psychiat (1958)
• Lakke,        J. Neurol Sci  (1970)
• Conforti,       J. Neurosurg (1971)
• Eisenman et al,      Acta Radiol (1972)
• Levine et al,       Arch Neurol (1973)
• Magidson and Weinberg,     Surg Neurol (1976) 
• Hansen and Sogaard,     J. Neurosurg (1976)
• Mabe and Furuse,    J. Neurosurg (1977)
• Pascual-Castroviejo et al,    Child’s Brain (1977)
• Sartor,      Neuroradiology (1978)
• Bitoh and Sakaki,     Surg Neurol (1979)
• Endo et al,     J.  Neurosurg (1979) 
• Nehls and Pittman,   Neurosurgery (1982)
• Omojola et al,     J. Neurosurg (1982)



4  PATIENTS  WITH  SPONTANEOUS 
DISAPPEARANCE  OF  INTRACRANIAL  AVMs

• no  relation with age or clinical presentation

• 1 large, 1 medium, 2 small

• all with rolandic- parietal AVMs

• all draining to the longitudinal sinus only

• time of disappearance:  1 - 15 years
(average 8 years)                              

Pasqualin et al, Acta Neurochir. (1985)



At diagnosis
for epilepsy

Angiography
9 years later



10 years after diagnosis, following a new hemorrhage

At diagnosis, for small hemorrhage

SPONTANEOUS DECREASE IN SIZE OF CEREBRAL AVMs



CAUSES OF SPONTANEOUS AVM REGRESSION

• Acute thrombosis due to intracranial hemorrhage:
– mass effect or edema
– spasm

• Subacute or gradual thrombosis:
– coagulation disorders
– increased blood turbolence

• Occlusion of feeders:
– alterations in flow dynamics
– arteriosclerosis
– thrombo-embolism

• Disruption with hemorrhage:
(for small or “cryptic” AVMs) 



RECURRENCE OF COMPLETELY OBLITERATED 
CEREBRAL AVMs

• Most recurrences reported in children (< 20 yrs)

• RECURRENCES AFTER RADIOSURGERY:
- Kondziolka et al, Can J Neurol Sci 19:40 (1992)
- Lindqvist et al, Neurosurgery 46:803 (2000)
- Rodriguez– Aries et al, Childs Nerv Syst 16:363 (2000)

• RECURRENCES AFTER SURGERY:
- Gabriel et al, J Neurosurg 84:879 (1996)
- Kader et al, J Neurosurg 85:14 (1996)
- Hino et al, Surg Neurol 52:156 (1999)
- Santoro et al, J Neurosurg 93:1082 (2000)               



9 yr old boy with intracerebral hemorrhage
from rt. temporo-occipital AVM (2 cc)

(year 2000)

Postop CT and angiograhy (year 2000)



Recurrence of AVM
(with small ICH) 7 years later

(2007)



TAC postop (2007)

Angio postop (2000) Angio preop (2007)

Angio postop (2007)



ANGIOGENESIS AND AVM RECURRENCE 
AFTER SURGERY

• VEGF immunoreactivity investigated in 3 groups of pts with AVMs:

- 4 pediatric pts with AVM 
recurrence

- 7 pediatric pts with no AVM 
recurrence

- 8 adults pts with no AVM
recurrence

• High degree of astrocytic VEGF expression in 100% of cases in 1st 
group, 14% in 2nd group, and 25% in 3rd group

Sonstein et al, J Neurosurg 85:838 (1996)



CEREBRAL AVMs AND ANGIOGENESIS

• Diffuse activation of angiogenesis in AVMs, mediated primarily by
up-regulation of VEGF receptors

Uranishi et al, Neurosurgery 48:359 (2001)

• Out of 3 angiogenetic factors evaluated, VEGF and TGF-α(*)
specifically located in endothelial layers, while bFGF(**) located in
perivascular tissue

Kilic et al, Neurosurgery 46:1179 (2000)

• Controversial role of angiopoietin receptors in AVMs
Uranishi et al, Neurosurgery 48:359 (2001)

Hatva et al, J Neuropathol Exp Neurol 55:1124 (1996)

(*)  Transforming growth factor
(**) Basic fibroblast growth factor 



CONCLUSIONS:

• Prevalent clinical presentation with hemorrhage (around 50%, or higher) and 
epilepsy (30% - 40%); presentation with seizures more frequent for large
cortical unruptured AVMs

• Risk of hemorrhage 2.2% per year for unruptured AVMs, 4% or higher for
ruptured AVMs; significant risk factors for hemorrhage constituted by
deep location, exclusively deep venous drainage, associated aneurysms
and possibly infratentorial location

• Spontaneous disappearance very rare for cerebral AVMs; recurrence of previously
treated cerebral AVMs possible in young age (angiogenesis ?) 










