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ABSTRACT
Aims: We aimed to compare the short-term follow-up outcomes of treatment with liquid embolization agents in 105 patients 
with low- and medium-grade arteriovenous malformation (AVM) having supra- or infratentorial localization and its reliability 
and efficacy. 
Methods: This retrospective study assessed patients diagnosed with grade I, II, III, IV, and V infratentorial AVM according to 
the Spetzler–Martin grading system who received endovascular treatment and underwent surgical resection. The pre-treatment, 
post-treatment, preoperative, postoperative, and follow-up data and the electronic radiograph findings, epicrisis reports, and 
clinical follow-up reports were recorded and examined. 
Results: AVM was detected in 105 patients, who underwent 132 endovascular treatment sessions in total. Of the 105 patients, 47 
were fed with a single venous system; 37 with two venous systems; and 21 with three or more venous systems. The mean follow-up 
duration was 28 months, and no patient presented with re-hemorrhage. Some of the complications associated with embolization 
were hemiparesis/hemiplegia, hemihypesthesia, hemorrhage and hematoma, vision disorders and alar defects, cranial nerve 
paralysis, and aphasia/dysphasia. Meanwhile, seven patients died after treatment. 
Conclusion: AVM treatment generally includes usage of gamma knife, endovascular treatment, surgical resection, or the 
combination of such treatments. If surgical resection is performed, a complete and absolute outcome can be achieved. However, 
complete treatment can be rarely achieved with endovascular therapy alone. Higher morbidity and mortality rates were observed 
in patients with hemorrhage than in those without. 
Keywords: Arteriovenous malformation, endovascular treatment, surgery, complication
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INTRODUCTION
Cerebrovascular malformations (CVMs) comprise a 
heterogeneous group of disorders, including vascular 
malformations observed in the brain, associated with a 
wide spectrum of behaviors. Some disorders (i.e., capillary 
malformations) might be asymptomatic and can be detected 
incidentally during imaging. CVMs, such as arteriovenous 
malformation (AVM) and cavernous angioma, might cause 
unexpected bleeding without any prior triggering symptom.1

AVM is an irregular angiogenesis characterized by the 
formation of a direct shunt between the artery and vein, 
and such a lesion can be observed in up to 0.05% of the 
population. The annual incidence rates of hemorrhage 
increase in parallel with age, localization in the deep brain, 
and deep venous drainage. The annual risk of hemorrhage 
varies is 1%-35% in patients meeting all these three criteria.1

The treatment options are transluminal embolization, 
surgery, stereotaxic radiosurgery, and the combination of 
such treatments (multimodal surgery), and the best option is 
determined based on the patient condition.2,3

Complete embolization of a lesion is directly associated with the 
lesion size, and lesions may have one or two feeders of a diameter 
<3 cm. In a patient who will undergo surgery, embolization of 
the lesion before the procedure decreases the risk of surgery and 
hemorrhage. Moreover, if there is no pressure effect on the lesions 
with total or gross total embolization, surgery may not be required.2

Thus, in the present study, we aimed to examine the short-term 
follow-up outcomes of 105 patients who have low-or medium-
grade AVM with supra-or infratentorial localization and have been 
treated with liquid embolization agents in 2011-2016. Moreover, 
the reliability and efficacy of the treatment was assessed.
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METHODS
The study was carried out with the permission of Ankara 
Numune Training and Research Hospital Clinical Researches 
Ethics Committee (Date: 12.04.2017, Decision No: 1368). All 
procedures were carried out in accordance with the ethical 
rules and the principles of the Declaration of Helsinki.

This retrospective study evaluated patients who were diagnosed 
with grade I, II, III, IV, and V infratentorial AVM according to 
the Spetzler-Martin grading system and received endovascular 
treatment and underwent surgical resection. The pre-treatment, 
post-treatment, preoperative, postoperative, and follow-up 
data and the electronic radiograph findings, epicrisis reports, 
and clinical follow-up reports were recorded and examined.

Patient Information
In the present study, patients with AVM who presented with 
headache, seizure, and hemorrhage and those incidentally 
diagnosed with cerebral AVM between 2011 and 2016 were 
included. No age or gender exclusion criterion was applied.

The patients presented with symptomatic and asymptomatic 
AVM with supratentorial or infratentorial localization. We 
conducted treatment with liquid embolization agent+surgical 
resection via the endovascular path in the interventional 
radiology unit.

In all patients, prior to treatment, the digital subtraction 
angiography (DSA) method was used for anterior, posterior 
cerebral circulation and bilateral external carotid artery 
(ECA) imaging, and the 3D angiographs of the AVM were 
obtained for the measurement of the nidus. The other 
treatment alternatives were discussed with the neurosurgery 
and radiology departments council before the treatment. The 
patient and their relatives are informed about the treatment 
options and risks, as well as the treatment recommended by 
our council. The treatment preferred by the patient and their 
relatives is implemented.

Treatment Information and Informed Consent
The patients who were candidates for endovascular treatment 
and their relatives were informed about the natural course of 
AVM as well as the advantages, disadvantages, benefits, and 
complications of endovascular and surgical treatments. Then, 
a written informed consent was obtained.

The fundamental clinical examination results and the platelet 
count, serum creatinine level, and hemoglobin values of the 
patients were examined prior to the procedure.

Medications
All patients underwent the treatment procedure under general 
anesthesia. The medications suitable for general anesthesia 
were used by the anesthetist team in accordance with the 
standard protocols of the hospital. In all patients, the bolus 
dosage was intravenously applied to ensure 2-2.5 folds of the 
basal-bolus heparin international normalized ratio of the 
minimum and maximum units at 3000 and 6000, respectively. 
The hourly treatment dose was 500–1000 units. At the end 
of the procedure, the use of heparin was reversed to prevent 
hemorrhage.

Equipment
The transfemoral path was used in all patients. Cerebral 
arteriogram was first conducted. Then, based on the localization 
of AVM, the guide sheath and catheter were placed into the 
carotid or vertebral artery. Then, with the use of the micro-
catheters, the AVM feeder was catheterized. In relation to 
the other feeders, the catheterization was performed based 
on the passage feeder condition. A suitable wire was used to 
better visualize the flow-directed microcatheters and prevent 
the formation of a gap due to a sudden stop. After successfully 
completing the catheterization, the micro-catheters were rinsed 
with SF, and based on the gaps inside, their interiors were filled 
using dimethyl sulfoxide. Then, the injection of ethylene vinyl 
alcohol (EVOH) was initiated, which was applied slowly and 
periodically via manual injection for a duration of 20-40 min. 
The proximal n-butyl cyanoacrylate was applied to prevent reflux 
in the large feeders of large aneurysms.

The control angiographs were obtained right after completing 
the procedure, and the evaluations were made based on the 
AVM obliteration levels and possible complications, such 
as parent artery occlusion, vasospasm, thromboembolism, 
EVOH reflux, and recurrent hemorrhage (Figure). Unenhanced 
computed tomography (CT) imaging was performed within 
the first 3 h after the procedure to assess for hemorrhage.

RESULTS
AVM was detected in 105 patients, who underwent a total of 132 
endovascular treatment sessions. Subarachnoid hemorrhage and 
subdural and/or parenchymal hematoma were observed in 32 of 
105 patients with AVM. The patients were aged between 11 and 69 
years, with a mean age of 37 years. In addition, minor symptoms, 
such as severe seizure and headache, were observed, and 23 
patients had neurological deficits and low Glasgow coma scale 
(GCS) scores during admission. Twenty-seven patients had AVM 
with non-cortical deep localization. Eleven patients presented 
with infratentorial localization. In 11 patients, cerebral aneurysm 
was observed on the feeder veins or another localization. 
Twenty-two patients had AVM with occipital localization; 15 
with parietal localization; 11 with frontal localization; 10 with 
temporal localization; 15 with tentorial localization; seven 
with intraventricular localization; six with Sylvian localization; 
four with frontobasal localization; three with interhemispheric 
localization; and one with orbital localization. Using the Spetzler- 
Martin grading system, six patients presented with grade I AVM; 
33 with grade II AVM; 29 with grade 3 AVM; 18 with grade 4 AVM; 
8 with grade 5 AVM; and 11 with infratentorial AMV. Moreover, 
47 patients were fed with a single venous system; 37 with two 
venous systems; and 21 with three or more venous systems.

Figure. Preoperative and control angiographs
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In 60 patients, surgical resection was performed during 
embolization. Total resection was achieved during surgery 
in all cases. The postoperative residual filling was followed 
only in three cases. Two patients underwent re-surgery, and 
re-embolization was successfully achieved in one case. Three 
patients underwent embolization after gamma knife; in 19 
patients, gamma knife was recommended as a complementary 
treatment after endovascular treatment. The mean follow-up 
duration was 28 months, and none of the patients presented 
with re-hemorrhage during the follow-up.

The major complications observed in the cases were divided 
into two groups: secondary to embolization and secondary to 
surgery. Patients with neurological deficit or low GCS score 
before embolization or surgery were excluded. However, 
notably, a significant proportion of patients in this group 
developed complications (Table 1).

Table 1. Complications observed in patients with arteriovenous malformation

No Type Presentation Localization Feeder Postoperative 
complications Grade

1 30 Headache
Left 
occipitotentorial 
AVM

Left MCA 
distal 
branches

Postoperative 
visual field 
defect

2

2 34 Headache
Right 
occipitotentorial 
AVM

Right MCA 
inferior 
trunk+PCA

Visual field 
defect 4

3 42 Headache Left occipital AVM Left PCA Visual field 
defect 3

4 30 Headache Left occipital AVM AICA, Left 
SSA, PICA

Postoperative 
hemorrhage, 
GCS score of 6

3

5 43 Headache
Left frontal 
interhemispheric 
AVM

Left MCA Aphasia 3

6 19 SAH Headache Right occipital 
AVM

Right MCA, 
PCA, ECA

Visual field 
defect 4

7 24 Treatment after 
the gamma knife

Left cerebellar 
AVM

Left PCA, 
PICA, AICA

Nistagmus, 
ataxia 3

8 37 Embolized 
AVM

Residual left 
occipital AVM

Left MCA, 
PCA

Visual field 
defect, aphasia 3

9 21
Loss of 
consciousness, 
parietal 
hematoma

Right 
occipitotentorial 
AVM

Right PCA Paralysis 4

10 39 Headache Left frontal AVM Left MCA Paresis 2

11 38
SAK 
Intraventricular 
hemorrhage

Left ventricular 
AVM

Left MCA, 
choroidal

Paralysis, 
aphasia, seizure 3

12 25 Headache Right parietal 
AVM

Right MCA, 
ACA Paresis 3

13 48 Headache Left temporal 
AVM

Left MCA, 
PCA Aphasia 5

MCA: Middle cerebral artery, PCA: Posterior cerebral artery, ECA: External carotid artery

The complications associated with embolization were 
hemiparesis/hemiplegia, hemihypesthesia, hemorrhage and 
hematoma, vision field defects, cranial nerve paralysis, and 
aphasia/dysphasia (Table 2 and Table 3). Hemorrhage was 
observed during 6 of 126 sessions of endovascular AVM 
embolization, and all patients immediately underwent surgery. 
Despite such treatment, three of these patients died. These cases 
were considered as mortality associated with endovascular 
treatment. In three hemorrhagic cases, complete resection 
could have been achieved during post-embolization AVM 
surgery; except for one patient, two patients were discharged 
without any major sequela. Of 105 patients, 8 developed major 
complications, such as hemiplegia, cerebellar ataxia, and 
aphasia, and five patients had minor complications, including 
visual field defect, nystagmus, and hemihypesthesia. Five of 
the eight patients had major complications with a modified 
rankin scale score of ≥3.

Table 2. Embolization and morbidity/mortality rates
Group Total Morbidity Mortality

100-91% 34 6 1
90-76% 18 3 1
<75% 8 2 5

Table 3. Arteriovenous malformation cases: complication rates based 
on the Spetzler–Martin grading system

Grade Complication/Total %
2 2 (33) 6
3 6 (29) 20
4 3 (18) 16
5 1 (8) 12

Infratentorial 1 (11) 9

During treatment, the complications associated with endovascular 
therapy was observed in three patients (Table 4). Reflux to the left 
A2 was observed in one case because the endovascular filling 
material could not be observed, and an immediate reflux to the 
posterior choroidal artery was found in one patient after the 
embolization of the posterior cerebral artery (PCA) feeder. In 
two cases, the reflux occurred because the catheter was removed 
using a snare since the detachable catheters did not break.

Table 4. Morbidity and mortality analysis of patients with AVM using 
the feeder vascular branch group (i.e., MCA or ACA or PCA) and the 
single-branch group

Feeder Total Morbidity Mortality
Single system 47 5 4
Two systems 37 5 3
Multiple feeders 21 5 0
AVM: Arteriovenous malformation, MCA: Middle cerebral artery, PCA: Posterior cerebral artery

A total of seven patients died (Table 5 and Table 6). Hemorrhage 
was observed in five cases, whereas the GCS scores of three patients 
were lower than 14. Three patients died due to complications that 
developed after endovascular treatment, one patient due to re-
hemorrhage during hospital follow-up, and three patients due to 
complications that developed after surgery. Two of these cases 
involved infratentorial AMV, whereas the mean Spetzler-Martin 
grade of the remaining five patients was 3. One of these patients 
had cerebellar localization, one with 4th ventricle localization, two 
with parietal localization, two with Sylvian location, and one with 
orbital localization. The mortality rate was high particularly in 
patients with hemorrhage.

Table 5. Characteristics of the seven patients with AVM who died
Patient Age Sex Presentation Localization Feeder Excision Grade

1 63 M
Hemiparesis, 
left parietal 
hematoma

Left 
occipitoparietal 
AVM

Left ACA 
PCA - 3

2 39 M
Headache, 
visual field 
deficit

Right Sylvian 
AVM

Right 
MCA + 3

3 25 M Headache Right Sylvian 
AVM

Right 
MCA + 4

4 52 M
Ptosis, 
headache, 
hemorrhage, 
GCS 13

Left orbital 
AVM

Right 
ophthalmic 
AVM

+ 2

5 55 M
Visual field 
defect, 
imbalance

AVM in 4th 
ventricle

AICA, SSA + -

6 56 M SAH, GCS 8
Left cerebellar 
AVM fed by 
artery AVM

Left AICA, 
SSA + -

7 69 M
Previous 
parenchymal 
hemorrhage, 
headache

Left 
frontotemporal 
AVM

Right 
MCA + 2

AVM: Arteriovenous malformation, PCA: Posterior cerebral artery, MCA: Middle cerebral artery, 
AICA: Anterior inferior serebellar arter GCS: Glasgow Coma Scale
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Table 6. Morbidity rates of patients with arteriovenous malformation based 
on the Spetzler-Martin grading system

Grade Deceased/Total %
1 0 (6) 0
2 2 (33) 6
3 2 (29) 7
4 1 (18) 5
5 0 (8) 0

Infratentorial 2 (11) 18

DISCUSSION
Cerebral AVMs are lesions that are extremely challenging 
to treat. The radiological anatomy plays an important role 
in the treatment of such lesions. For both endovascular and 
surgical resections, knowledge about the anatomy increases 
the rate of successful surgeries and decreases the risk of 
complications. Another important point is the difference in 
the normal vascular structures arising from the AVM feeder. 
During surgical and endovascular treatments, these normal 
structures arising from the feeders should be protected and 
not undergo embolization. 

The diameter of the AVM nidus is also an important parameter 
for successful surgical and endovascular interventions. The 
success rates, particularly in AVM cases with ≤3 cm diameter, 
significantly differ in the literature.4 3D DSA is more sensitive 
in measuring the diameter of the AVM nidus than magnetic 
resonance imaging angiography or CT angiography.5

The Spetzler-Martin grading system is a widely used 
method. However, the Spetzler- Ponce and Lawton grading 
has replaced the use of such system in recent years.6,7 The 
evaluation of clinical success and mortality is extremely 
important particularly after surgical resection.8-12

The clinical outcomes significantly differ in hemorrhagic 
cases.13,14 The mortality rate was 1% during the endovascular 
embolization of cerebral AVM. The hemorrhagic complications 
might be observed in 2%-5% of the cases. The morbidity rate 
varied between 10% and 14%.15-21

In addition, anomalies in adjacent cerebral tissues, aneurysms 
on the feeding artery, and presence of any pre-treatment 
hemorrhage and/or hematoma are extremely important 
for the planning and success of treatment. In particular, 
patients with aneurysms on the feeding artery are at risk of 
hemorrhage during feeder catheterization; thus, extreme 
caution must be exercised. Another important point is that 
the feeding arteries arise from different vascular structures; 
for example, the risk of hemorrhage during an endovascular 
or surgical intervention is high in patients with AVM who 
underwent vascularization from the middle cerebral artery 
(MCA), anterior cerebral artery, PCA, and even ECA branches 
and have multiple feeders; in comparison, the risk is relatively 
lower in patients with AVM who were fed with a single venous 
system (particularly the MCA branches). Among the patients 
with AVM who underwent surgery in our clinic, the mortality 
and morbidity rates were lower in those fed with a single 
pedicle than in those fed with two or more feeders. 

The relationship between the ectasias observed in the venous 
system and venous sinuses plays an important role particularly 
in surgical planning owing to the use of flux only in the 

venous system and risk of reflux during the endovascular 
treatment. The presence of veins before the surgical corridor 
is a significant challenge in planning any AVM surgery, and 
it should be projected at the planning phase. Premature 
occlusion of the venous system during embolization increases 
the risk of preoperative hemorrhage. Similarly, clipping 
the veins during an AVM resection by considering them as 
arteries may cause aneurysm or hemorrhage in the AVM 
nidus. Under any condition, one must pay attention in 
preventing the development of reflux in these veins during 
endovascular treatment, and all the feeders must be closed 
without occlusion. During surgical interventions, the final 
grade of the nidus feeder resection is to clip the feeding veins 
and to rapidly excise the AVM. 

The success of using endovascular embolization agents may 
be directly associated with the morphological anatomy. In 
particular, low- and high-density EVOH polymers are widely 
used, and it is extremely important to properly use these agents. 
If embolization is initiated at the point of the feeding artery 
adjacent to the vein, selecting a high-density embolization 
agent would decrease the risk of reflux. Conversely, for points 
far from the vein, selection of a low-density agent might 
result in a more diffuse and successful embolization with 
better propagation. Similarly, successful embolization can 
be achieved using high density embolization agents in cases 
of high-flux AVM, and the risk of reflux might be prevented 
almost completely with the use of low-density agents. 

In AVM cases, recurrence is widely observed in patients 
treated using only the endovascular method, even if radical 
surgery is successful. It is extremely difficult to recommend 
embolization as a primary treatment method. It is more 
appropriate to consider such a method auxiliary to surgery in 
AVM cases, particularly in the resectable areas. 

For cerebral AVMs, embolization during surgery is extremely 
useful in localizing the lesion because the embolization agent 
is black, which is why it can be distinguished from the brain 
tissue; also, it limits the requirement of using neuronavigation. 
In surgeries performed by assuming that the adjacent cerebral 
vascular structures are protected, the gross excision of the 
vascular structures that are full of embolization agent indicates 
the excision of the nidus. In relation to this, the exception is 
maybe to partially leave the nidus as residual particularly in 
diffuse AVMs. The complexity of distinguishing the artery 
from the vein during surgery can be eliminated. In addition, 
particularly for cases with an embolization rate of 95% or 
higher, the risk of hemorrhage during EVM excision is almost 
completely eliminated, and the requirement of using Doppler 
during surgery is partially overcome. In other words, excision 
may be easier to achieve in such case than in an avascular 
meningioma case. 

The success rate decreases in multi-feeder AVM cases and 
increases in single-feeder AVMs. One of the reasons is that 
endovascular treatment is assumed to be difficult since the 
multifeeder AVMs are generally large and these types of 
AVMs generally have complex vascular structures. In cases in 
which complete surgical resection is challenging, the use of 
endovascular treatment or the combination of endovascular 
treatment and gamma knife radiosurgery can be an option. 
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In addition, if AVM treatment has been initiated using any method, 
then the treatment must be completed. In the A Randomized Trial 
of Unruptured Brain Arteriovenous Malformations study, the 
risk of hemorrhage increases if the procedure is not completed22. 
If surgical resection is not considered for treatment, either 
embolization or the gamma knife method or the combination of 
both can be the other options, which is based on what method 
suits the condition of the patient. 

Distinguishing hemorrhagic from non-hemorrhagic AVM is 
exremely important for the selection of treatment parameters. 
In particular, for hemorrhagic cases, both high risk for 
preoperative re-hemorrhage and the advantage of easily 
performing dissection in hemorrhagic cases validate the need 
for surgical intervention. Considering the findings of the 
present study showing that four of six patients who presented 
with hemorrhage prior to surgery have been admitted due to 
re-hemorrhage, those who had hemorrhage prior to surgery 
are at higher risk for re-hemorrhage. 

Patients with infratentorial AVM should be examined 
separately from those with supratentorial AMV. Thus, the 
Spetzler–Martin grading was not applied to these patients in 
our series. Young patients with infratentorial AVM are at high 
risk of hemorrhage (5–6 times higher than in supratentorial 
cases), and this result indicates that the treatment of these 
patients must be immediately started.23 Hemorrhage was 
observed in the second session after the first embolization 
session of a patient with cerebellar AVM who was admitted 
to our clinic due to hemorrhage. In such cases, caution must 
be observed. Moreover, patients must be closely monitored 
for hydrocephaly due to the posterior fossa localization. 
Watchful waiting or even prophylactic ventriculostomy might 
be preferred for patients who underwent embolization. In our 
clinical series, the patient with AVM in the 4th ventricle (Patient 
80) died despite cautious monitoring after endovascular 
treatment because of cardiac arrest due to hydrocephaly. 
Although ventriculostomy was immediately performed, the 
clinical condition of the patient did not change. 

An interesting relationship was observed between the 
embolization rate and surgical success and risk in AVM 
cases. In our series, the embolization rates in patients with 
AVM who underwent endovascular obliteration or surgical 
resection after the session(s) were divided into three groups: 
≤75%, between 75 and 90%, and ≥90%. Eight patients 
presented with an embolization rate of 75% or lower; 18 with 
an embolization rate between 75 and 90%; and 34 with an 
embolization rate of 90% or higher. The complication rates of 
the groups are presented in Table 2. 

CONCLUSION
The treatment of AVM is extremely complex, and the treatment 
options are generally gamma knife, endovascular treatment, 
surgical resection, or the combination of such treatments. 
In particular, when surgical resection can be performed, an 
absolute and complete outcome can be achieved. By contrast, 
complete treatment with endovascular therapy alone can be 
rarely achieved. Endovascular treatment decreases the risks 
associated with surgical resection. However, such procedure 

results in higher mortality and morbidity rates in hemorrhagic 
than in non-hemorrhagic patients according to the Spetzler–
Martin grading system. 
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