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ORIGINAL RESEARCH
INTERVENTIONAL

Hemorrhagic Complications after Endovascular Treatment of
Cerebral Arteriovenous Malformations

H. Baharvahdat, R. Blanc, R. Termechi, S. Pistocchi, B. Bartolini, H. Redjem, and M. Piotin

ABSTRACT

BACKGROUND AND PURPOSE: Intracranial hemorrhage is the most severe complication of brain arteriovenous malformation treatment.
We report our rate of hemorrhagic complications after endovascular treatment and analyze the clinical significance and potential
mechanisms, with emphasis on cases of delayed hemorrhage after uneventful embolization.

MATERIALS AND METHODS: During a 10-year period, 846 embolization procedures were performed in 408 patients with brain AVMs. Any
cases of hemorrhagic complications were identified and divided into those related or unrelated to a periprocedural arterial tear (during
catheter navigation or catheter retrieval). We analyzed the following variables: sex, age, hemorrhagic presentation, Spetzler-Martin grade,
size of the AVM, number of embolized pedicles, microcatheter used, type and volume of liquid embolic agent injected, and the presence
of a premature venous occlusion. Univariate and multivariate multiple regression analyses were performed to identify risk factors for
hemorrhagic complications.

RESULTS: A hemorrhagic complication occurred in 92 (11%) procedures. Forty-four (48%) complications were related to a periprocedural
arterial perforation, and 48 (52%) were not. Hemorrhagic complications unrelated to an arterial perforation were located more commonly
in the cerebral parenchyma, caused more neurologic deficits, and were associated with worse prognosis than those in the arterial
perforation group. Only premature venous occlusion was identified as an independent predictor of hemorrhagic complication in the
nonperforation group. Premature venous occlusion was significantly related to the ratio of Onyx volume to nidus diameter.

CONCLUSIONS: Higher injected volume of embolic agent and deposition on the venous outflow before complete occlusion of the AVM
may account for severe hemorrhagic complications.

ABBREVIATIONS: AP � arterial perforation; EVT � endovascular treatment; HC � hemorrhagic complication; NAP � non-arterial perforation; S-M � Spetzler-
Martin; Vea � volume of liquid embolic agents

Treatment of cerebral arteriovenous malformation is challeng-

ing and requires a multidisciplinary approach involving sur-

gery with AVM removal, endovascular treatment (EVT) with em-

bolization, or radiosurgery. Each technique can be combined and

has its own advantages and complications. A conservative ap-

proach is an important aspect of the management of AVMs. EVT

can be used for presurgical or preradiosurgical treatment of

AVMs or as a stand-alone procedure for curative purposes. Onyx

(Covidien, Irvine, California) is currently the most commonly

used embolic agent; in some instances, cyanoacrylate glue can be

used. The most serious complication of AVM embolization is

hemorrhage, reported in 4%–15% of patients treated by EVT.1-3

The group of patients who experience delayed hemorrhage after

EVT remains poorly understood, with multiple classifications4-6

and explanations7-9 and deserves further study. To investigate the

potential mechanisms of hemorrhages following EVT, we report

our rate of hemorrhagic complications (HCs) and their clinical

significance and focus on those not related to an arterial lesion

secondary to navigation or microcatheter retrieval.

MATERIALS AND METHODS
Patients and AVM Characteristics
Approval was obtained from our institutional ethics board to re-

view the data from patients with AVMs who underwent endovas-

cular procedures between January 2000 and March 2010. From

our prospectively acquired data base, we collected patients’ base-

line characteristics, AVM modes of presentation, and total num-
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ber of sessions per patient. The preprocedural neurologic condi-

tion was recorded, and outcomes were measured according to the

modified Rankin Scale at patient discharge from the hospital and

at 1 month.

AVMs were classified according to the Spetzler-Martin (S-M)

grade.10 The presence of intranidal aneurysms or aneurysms lo-

cated on the arterial feeders to the malformations was recorded.

The AVM venous outflow was scrutinized for venous ectasia or

stenosis and the presence of a deep or single venous drainage.

AVMs were localized as cortical, for cortical and subcortical su-

pratentorial lesions; deep, for lesions located in the basal

ganglia, thalamus, corpus callosum, and internal capsules; and

infratentorial.

Endovascular Procedure
At our institution, patients were allocated to a treatment tech-

nique after multidisciplinary discussion, with EVT (with the goal

of complete obliteration of the nidus in 1 or multiple sessions)

being the first-choice treatment for cerebral AVMs. In very large

cerebral AVMs, the objective was to reduce the risk of hemor-

rhage, seizure, and neurologic symptoms or to reduce the size of

the nidus to permit another treatment technique. EVTs were per-

formed with the patient under general anesthesia according to our

standard protocol. In the study period, Onyx was the most com-

monly used agent for embolization of AVMs. Occasionally, cya-

noacrylate glue (Histoacryl; Braun, Melsungen, Germany) or

Glubran2 (GEM, Viareggio, Italy) was injected during the proce-

dure for high-flow fistulas or arterial perforation. The number of

pedicles catheterized and the total volume of liquid embolic

agents (Onyx or cyanoacrylates) injected were recorded. For small

or single-compartment AVMs, the procedure was stopped when

complete occlusion was achieved or when there was �2-cm reflux

of Onyx. For large AVMs, the goal was to embolize 30%–50% in 1

session. If necessary, multiple pedicles were embolized in 1 ses-

sion. A head CT scan was performed (mobile CT scan until 2006,

at which time the flat panel CT became available) in the operating

room after each procedure or immediately if any perforation

occurred.

After the procedure, all patients were admitted postoperatively

to the intensive care unit with strict control of systolic blood pres-

sure at �110 mm Hg for 24 – 48 hours. The patients were dis-

charged within 4 –5 days after embolization if there were no sig-

nificant complications. The interval between the 2 procedures was

1– 4 months. If an HC occurred, the patient was managed medi-

cally or surgically, depending on the volume of hematoma and the

patient’s condition. On the basis of the location of the hematoma,

the surgery included hematoma evacuation or decompressive cra-

niotomy. If patients were unconsciousness, intracranial pressure

was monitored.

Data on procedural or postprocedural complications were

collected, including catheter-related complications, the presence

of a postembolization HC, or ischemic events. The angiographic

results of AVM exclusion were considered complete if the nidus

was excluded with no residual arteriovenous shunt and incom-

plete if any residual venous drainage was visible. The pattern of a

premature venous occlusion, defined as occlusion of the venous

drainage before complete nidal exclusion (either spontaneously

or secondary to deposition of liquid embolic), was recorded. EVT

was considered “completed” if complete angiographic occlusion

of AVM was achieved, if endovascular access to the AVM was no

longer possible, or if patients were sent for radiosurgery or surgery

to complete the treatment. EVT was considered “ongoing” if an-

other session was scheduled.

Hemorrhagic Complications
Any HC (subarachnoid, intraventricular, intraparenchymal hem-

orrhage) that occurred during or within 1 month of embolization

was recorded.

The cause of the hemorrhage was categorized as either of the

following:

1) Arterial perforation (AP) when related to an arterial perfora-

tion during microcatheterization or microcatheter retrieval

(shown by extravasation of contrast during the procedure or

visible on the CT scan after the procedure)

2. Nonarterial perforation (NAP) if the hemorrhage was not

caused by arterial perforation during the procedure.

Statistical Analysis
Descriptive statistics were used to summarize the baseline charac-

teristics of the procedures, patients, and procedures with HC.

Continuous data are presented as means � SDs. Statistical com-

parisons were performed by the �2 test, Student t test, and Fisher

exact test for normally distributed data and the Mann-Whitney U

test for data not normally distributed. Univariate analysis was

performed to identify the effect of sex, age, hemorrhagic presen-

tation, largest nidus diameter, injected volume of Onyx in each

procedure, total injected volume of liquid embolic agents includ-

ing Onyx and glue in each procedure (Vea), ratio of Onyx volume

to largest diameter of nidus, ratio of Vea to the largest diameter of

the nidus, number of embolized pedicles, premature venous oc-

clusion, and microcatheter used on HC in the NAP group. Mul-

tivariate analysis was performed by logistic regression to test the

real effect of the variables identified as risk factors of HC in uni-

variate analysis. Model selection was performed by a stepwise

continuous procedure. A P value � .05 was statistically signifi-

cant. The data were analyzed by using the Statistical Package for

Social Sciences (Version 16.0; IBM, Armonk, New York).

RESULTS
Between January 2000 and March 2010, four hundred eight pa-

tients with brain AVMs underwent 846 endovascular procedures;

230 were men (56%), and the mean age was 33.3 � 14.1 years.

Table 1 shows the basic characteristics of the patients and the

AVMs. The median number of procedures for each case was 2

(range, 1–12). Nineteen procedures failed due to inability to ac-

cess the appropriate point for embolization. Of the 827 successful

procedures, Onyx 18 was used in 669 (81%) and cyanoacrylate in

251 (30%), including both liquid embolic agents in 93 (11%)

sessions. The mean injected volume of Onyx in each procedure

was 2.1 � 2.0 mL. Of the 408 AVMs, EVT was completed in 282

(69%). Complete obliteration was achieved in 198 AVMs (ie, 70%

AVMs with completed EVT or 49% of all AVMs). According to

the Spetzler-Martin grade, overall cure (complete obliteration)
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was 87% in grade I, 82% in grade II, 55% in grade III, 57% in grade

IV, and 50% in grade V in 198 patients who completed EVT.

Overall, 22 (5%) of the 408 patients were sent to radiosurgery,

and 15 (4%), to surgery.

Because no complication was noted during the 19 failed ses-

sions, these procedures were excluded from the analysis and data

from the remaining 827 procedures were analyzed.

Among 827 procedures, complications were reported in 206

(25%), including HCs in 92 (11%), postoperative ischemia in 53

(6%), catheter entrapment in 49 (6%), and catheter rupture in 12

(2%). Overall complications were 27% in grade I, 24% in grade II,

28% in grade III, 25% in grade IV, and 29% in grade V.

Among 408 patients, permanent disability was seen in 5% of

S-M grade I, 6% of S-M grade II, 14% of S-M grade III, 19% of

S-M grade IV, and 21% of S-M grade V. Fatal events occurred in

0% of S-M grades I and II, in 3% of S-M grade III, in 1% of S-M

grade IV, and in 5% of S-M grade V.

Characteristics of Hemorrhagic Complications
Hemorrhagic complications occurred in 92 of 827 (11.1%) pro-

cedures: 20% of S-M grade I, 11% grade II, 12% grade III, 8%

grade IV, and 12% grade V (Table 2).

Forty-four (48%) HCs were classified as related to an AP, of

which the most frequently reported was subarachnoid hemor-

rhage (71%). In most cases, the hemorrhage was detected during

the procedure. Forty-eight (52%) HCs were classified as NAP, 39

(81%) of which occurred in the hours or days following the pro-

cedure (mean time between procedure and event, 34.4 � 50.1

hours). Thirty-four of the NAP cases (71%) were intraparenchy-

mal hemorrhage. The HCs in the NAP group were located

more commonly in cerebral parenchyma compared with the AP

group. Eight HCs (17%) occurred following a premature venous

occlusion.

Outcomes of Hemorrhagic Complications
Procedures with HCs were associated with a new disability that

was persistent at 1 month in 31 cases (patient morbidity related to

an HC of 7.6%). Death occurred in 6 patients with HCs (patient

mortality related to an HC of 1.6%) and in none of those without.

As shown in Tables 2 and 3, compared with AP events, NAP events

more commonly caused neurologic deficits and were associated

with a worse prognosis (mRS � 2). Despite more deaths occur-

ring in the NAP group, there was no statistical difference between

the 2 groups.

In the AP group, 12 patients showed a new neurologic defi-

cit after the procedure, which was transient in 9, and 1 death

occurred.

In the NAP group, 37 patients showed a new neurologic defi-

cit, including 28 cases (58%) of permanent disability; 5 (10%)

patients died. Twenty-one (44%) patients were independent

(mRS � 2) at the time of discharge.

Risk Factors for Hemorrhagic Complication
in the NAP Group
Premature venous occlusion (P � .001), volume of Onyx injected

(P � .02), total volume of embolic agent (P � .03), ratio of Onyx

volume to the largest diameter of the nidus (P � .01), and ratio of

Vea to the largest diameter of nidus (P � .01) were associated with

HC in univariate analysis (Table 4). Only premature venous oc-

Table 1: Basic characteristics of patients and AVMs
Variablea Patients (n = 408)

Age (yr) 33.3 � 14.1
Men 230 (56)
Presenting symptoms

Hemorrhage 196 (48)
Seizure 115 (28)

Spetzler-Martin grade
I 41 (10)
II 124 (30)
III 143 (35)
IV 81 (20)
V 19 (5)

AVM location
Cortical 312 (76)
Deep 66 (16)
Infratentorial 30 (7)
Eloquent 231 (59)

AVM characteristics
Deep drainage 159 (39)
Intranidal aneurysm 55 (14)

Number of procedure
1 Session 157 (38)
2 Sessions 118 (29)
3 Sessions 75 (18)
� 3 Sessions 58 (14)

a No. (%); mean � SD.

Table 2: Characteristics of procedures with hemorrhagic complications
Variablea Overall (n = 92) AP (n = 44) NAP (n = 48) P Value

AVM location
Cortical 77 (84) 41 (93) 36 (75) �.041
Deep 11 (12) 3 (7) 8 (17)
Infratentorial 4 (4) 0 (0) 4 (8)
Eloquent 53 (58) 17 (39) 36 (75) �.001

Type of HC
Intraparenchymal hemorrhage 46 (50) 12 (27) 34 (71) �.001
Subarachnoid hemorrhage 35 (38) 31 (71) 4 (8)
Intraventricular hemorrhage 11 (12) 1 (1) 10 (21)

Timing of rupture
Hemorrhage during procedure 52 (59) 43 (98) 9 (18) �.001
Delay between procedure and hemorrhagic events, hours (range) 17.2 (0–240) 0.05 (0–2) 34.4 (0–240) �.001

Craniotomy for hematoma evacuation, decompressive
craniotomy or EVD

15 (16) 3 (7) 12 (25) �.019

Note:—EVD indicates external ventricular drainage.
a No. (%), mean � SD or range.
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clusion remained an independent predictor on multivariate anal-

ysis (� � 3.8; P � .001; 95% CI, 11–175). If premature venous

occlusion occurred during the procedure, the probability of HCs

increased by 45-fold.

Risk Factors for Hemorrhagic Complications
according to AVM diameter
Both premature venous occlusion and total volume of embolic

agents were independent risk factors on multivariate analysis only

for small AVMs (Table 5). In the midsize AVMs, only premature

venous occlusion was a risk factor of HC on univariate and mul-

tivariate analysis. In large AVMs, no variables were risk factors for

HCs. The ratio of Onyx volume to the

largest diameter of the nidus was an inde-

pendent predictor of premature venous

occlusion on multivariate analysis (� �

1.4; P � .002; 95% CI, 1.8 –9.3).

DISCUSSION
In this series of 827 procedures, 11% were

complicated by hemorrhage, which is con-

sistent with the literature in which intracra-

nial hemorrhage during or after the proce-

dure was the most frequent complication of

AVM embolization, reported in 2%–12.5%

of procedures.8,9,11-15 Intracranial hemor-

rhage was the most common cause of new

disability after EVT.16 Our strategy of em-

bolization with curative intent in most pa-

tients leads to a higher cure rate compared

with series with adjunctive embolization;

nevertheless, this more aggressive approach

could explain the higher rate of mortality

and morbidity in this study. Periprocedural

bleeding not only can causes neurologic de-

terioration but can also can result in poor

outcome or death in many cases.9,11,13,14

Aggressive treatment and early evacuation

of the hematoma has minimized the neuro-

logic morbidity in severe cases.13,17,18 In our

series, more than one-third of patients with

HCs experienced a new permanent disabil-

ity and a further 7% died. The overall rate of

patient permanent morbidity due to a hem-

orrhagic complication following endovas-

cular treatment for AVMs was, therefore,

7.6%, and the mortality rate was 1.6%.

Several studies classify HCs of AVM

embolization into immediate (ie, occur-

ring during or immediately after embolization) or delayed (oc-

curring after uneventful and successful embolization and believed

to be related to premature venous occlusion).7,8,12 We included,

in our study, any hemorrhage detected on immediate postproce-

dural CT or that occurred within the month following treatment.

Almost half of the HCs were related to microwire or microcath-

eter perforation during navigation or arterial tear at catheter re-

trieval at the end of embolization, corresponding to a subarach-

noid hemorrhage confirmed by flat panel CT with mostly a

favorable outcome. In most instances, they are managed by rever-

sal of heparin with protamine and lowering blood pressure, which

Table 3: Outcomes in procedures with versus without hemorrhagic complications

Variablea
Overall
(n = 827)

Without HC
(n = 735)

With HC
(n = 92)

P Value
(without vs with HC)b

Type of Hemorrhagic Complications

AP (n = 44) NAP (n = 48) P Value (AP vs NAP)b

New disability 127 (15) 78 (11) 49 (53) �.001 12 (27) 37 (77) �.001
Transient 71 (9) 53 (7) 18 (20) 9 (20) 9 (19)
Permanent 56 (7) 25 (3) 31 (34) 3 (7) 28 (58)
Death 6 (1) 0 (0) 6 (7) �.001 1 (2) 5 (10) �.207

a No. (%).
b �2 or Fisher exact test for cells �5.

Table 4: Univariate predictors of hemorrhagic complications

Variablea
No Hemorrhagic

Complications (n = 735)
NAP

(n = 48)
P

Value
Age (yr) 32.2 � 13.7 33.9 � 14.4 .405
Hemorrhagic presentation 316 (43) 18 (38) .419
Nidus diameter (cm) 4.1 � 3.8 3.9 � 3.5 .553
Spetzler-Martin gradeb III III .874
AVM involving eloquent area 443 (60) 36 (75) .164
Deep venous drainage 317 (43) 21 (44) .660
Intranidal aneurysm presence 107 (15) 6 (13) .513
Venous stenosis 40 (5) 5 (10) .227
Venous ectasia 372 (51) 25 (3) .596
Premature venous occlusion 3 (0.4) 8 (17) �.001
Complete occlusion of AVM 181 (25) 18 (38) .114
Detachable microcatheter 127 (17) 7 (15) .606
Onyx volume (mL) 2.1 � 2.0 2.9 � 1.9 �.02
Total embolic agent volume (mL)c 2.5 � 1.9 3.2 � 1.6 �.03
Ratio of Onyx volume (mL)/nidus diameter (cm) 0.6 � 0.6 0.8 � 0.6 �.01
Ratio of Vea (mL)/nidus diameter (cm)c 0.7 � 0.6 0.9 � 0.6 �.01
No. of pedicles embolized in each procedureb 1 1 .629

a Mean � SD (median) (interquartile range) or count (%).
b Median.
c Sum of Onyx and glue used in each procedure.

Table 5: Independent predictors of hemorrhagic events in AVM size subdivisions of the no
arterial perforation group

Variable � Odds Ratio 95% Confidential Interval P Valuea

Small AVMb

Premature venous occlusion 3.8 44.3 4.24–462.04 �.001c

Total embolic agent volume 0.3 1.4 1.07–1.85 �.013c

Constantd �3.6 0.03 �.001
Mid-size AVMb

Premature venous occlusion 3.1 23.4 3.7–148.4 �.002c

Constantd �2.7 0.06 �.001
Large AVMb

Premature venous occlusion 24.2 3.2�10 .00 1.00e

Constantd �3.0 0.05 �.001
a Binary logistic regression.
b Small AVM, the largest diameter �3 cm; mid-size AVM, the largest diameters �3 cm and �6 cm; large AVM, the
largest diameter �6 cm.
c Significant.
d A mathematic constant (no clinical interpretation).
e Nonsignificant.
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can stop the bleeding,7 or they can be controlled by glue injection

to prevent progression of hemorrhage. New detachable-tip cath-

eters19 or techniques with a second microcatheter placed in the

same artery20 are used for management of bleeding at retrieval of

the wedged microcatheter. HCs occurring during catheterization

are reported in 2% of EVT procedures, which is less than in our

series (5%); however, it is likely that some of these complications

are not mentioned because of their minor clinical significance,

because they tend not to have clinical sequelae.1,11,12,21 Also our

standard technique of AVM treatment primarily uses Onyx and

thus requires wire-directed navigation and dimethyl-sulfoxide–

compatible catheters or detachable-tip microcatheters, which are

stiffer. This navigation technique might account for the high in-

cidence of periprocedural arterial perforation. Despite a benign

prognosis in most cases, patients who develop HCs should be

followed closely after the procedure to detect any hematoma pro-

gression or neurologic deterioration.

HCs not related to an arterial perforation clearly show differ-

ent characteristics, with a delayed appearance, mostly symptom-

atic intraparenchymal hemorrhage, and with a much poorer clin-

ical prognosis (58% permanent disability and 10% death).

Many terms from the surgical and endovascular literature

have been proposed to explain the mechanisms of the NAP hem-

orrhagic group: normal perfusion breakthrough,22 venous over-

load,23 occlusive hyperemia,24 nidus congestion,6 venous occlu-

sion by liquid embolic agents (Onyx or glue), progressive venous

occlusion due to flow slowing and thrombosis, and inflammatory

reaction or mural necrosis induced by the embolic mate-

rial.7,9,11,12,25 The importance of impaired venous drainage in the

appearance of postoperative hemorrhage is well-recognized.

al-Rodhan et al24 reported that edema and hemorrhage after

AVM resection are attributable to obstruction of the venous out-

flow system of brain tissue adjacent to the AVM, with subsequent

worsening of the existing hypoperfusion and ischemia. The pres-

ence of impaired venous drainage before an operation has been

recognized as a factor for the appearance of postoperative hem-

orrhage.26 The brain parenchyma rendered hypoxic or ischemic

by longstanding venous hypertension may not tolerate the in-

crease in arterial flow after AVM resection. Careful examination

of AVM drainage patterns is thus mandatory, with AVMs with

more extensive patterns of draining veins requiring greater pre-

operative embolization and a staged return of normal circulatory

patterns.

Ovalle et al8 showed that of 13 potential factors, the volume of

the embolic agent was the only one predictive of a delayed hem-

orrhagic complication. Our results agree with both univariate and

multivariate analyses only in the subdivision of small AVMs (�3

cm). In addition, we identified premature occlusion of the venous

outflow before complete obliteration of the nidus as an indepen-

dent predictor of hemorrhage, especially in small and midsize

AVMs (�6 cm). We also found that a predictive factor of prema-

ture venous occlusion is the ratio of Onyx volume to the largest

diameter of the nidus. Using cyanoacrylates, Picard et al9 reported

that 80% of cases with a delayed hemorrhagic complication re-

ceived �1 mL of glue, a much smaller quantity than commonly

used now with Onyx (the mean volume by session was 2 mL in our

study). This highlights the importance of careful delivery of liquid

embolic agent and emphasizes the need for thorough anatomic

and hemodynamic knowledge of the AVM compartment and

veins draining the nidus.27 Venous deposition of the embolic

agent can be difficult to see when a large volume has been injected

or when multiple embolizations have already been performed be-

cause the attenuation of Onyx prevents visualization.

Our study has some limitations. It is a retrospective analysis of

the angioarchitecture of AVMs and of EVT results, which might

not be simple with interobserver and intraobserver variability.

This, combined with the relative small sample size of HC groups,

could affect the analysis of the complications or result in nonsig-

nificant differences.

CONCLUSIONS
Hemorrhagic complications are the most common and severe

events following cerebral AVM embolization. Our study shows

that premature venous occlusion is an independent predictive

factor of hemorrhagic complications. Attention to the volume of

the embolic agent used and prevention of premature venous oc-

clusion by refined angioarchitecture analysis and liquid embolic

delivery during EVT may reduce the incidence of these events.

With regard to the risk of flow imbalance resulting in increased

intranidal pressure and secondary rupture, our angiographic an-

atomic knowledge of the venous outflow of AVMs remains insuf-

ficient. There is, thus, a need for improvement of a preprocedural

anatomic description of the nidus and its venous drainage as well

as development of new embolic agents not obscuring the visual-

ization of the nidal and venous anatomy.
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