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ABSTRACT

AIM: To examine the outcomes of microsurgery only versus combined microsurgery and embolization in treating cerebral
arteriovenous malformations (AVM).

MATERIAL and METHODS: A total of 62 patients (34 male and 28 female) with Spetzler-Martin grade 3 (n=44) and grade 4 (n=18)
AVMs were examined. Thirty-seven patients were treated with a combination of microsurgery + embolization, whereas 25 patients
were treated with microsurgery alone. The clinical characteristics of the treatment groups were compared (ruptured/unruptured,
eloguent/non-eloquent, modified Rankin scores, duration of surgery, preoperative and postoperative hemoglobin levels, and use of
blood products).

RESULTS: The number of patients with ruptured or eloquently localized AVMs was more in combination of microsurgery +
embolization. On the other hand, the duration, preoperative versus postoperative hemoglobin levels, and usage of blood products
did not differ between treatment groups.

CONCLUSION: The results of the study showed no superiority of the combined treatment in managing AVMs in parallel to recent
meta-analyses. However, a patient-tailored approach is recommended while making the treatment decision for such challenging
intracerebral AVM cases.
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B INTRODUCTION centers use preoperative embolization therapy as an adjunc-
tive treatment method before surgery. The primary goals of
this strategy are to reduce intraoperative bleeding and sur-
gery length. Although this treatment strategy is widely used,
a comprehensive review of its effectiveness and potential
side effects has yet to be conducted (4,6,10,24). Because it is
widely acknowledged that preoperative embolization can be
harmful and result in stroke, irreversible neurological damage,
or even death, there is considerable debate over using this
procedure to treat a pathology when it may not even be effec-
tive (7,19,22,28). It shall also be considered that embolization

AVMs has been going on for years, and there still

needs to be a consensus on the best course of action
(1,4,9,12,14,16,17,21,24,28). Curative treatment for this con-
dition may include microsurgical resection, endovascular ther-
apy, and stereotactic radiosurgery, which can be used either
separately or in combination. The primary objective of these
treatment plans is to eradicate the AVM while not increasing
the risk any higher than the risk of leaving it untreated. Many

The debate of which treatment methods to follow for
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induces significant damage to the blood-brain barrier, neu-
roinflammation, release of cytokines, and angiogenic growth
factors, which may cause harmful remodeling of the AVM mi-
croenvironment. These changes may complicate the following
surgery and cause AVM recurrence. Indeed, in experimental
models of brain ischemia, the cerebral expression of angio-
genic Vascular Endothelial Growth Factor (VEGF) increased,
and the blood levels of the anti-angiogenic soluble VEGF Re-
ceptor-1 (SVFEGFR1) decreased (3). In this study, we retro-
spectively analyzed the cases of AVMs resected microsurgi-
cally with or without preoperative embolization in our series.
This study aimed to investigate whether preoperative embo-
lization has any additional benefits when used in conjunction
with surgical resection of the AVM. First, we document the
outcomes of our case series, followed by two cases of AVMs
treated with microsurgery alone and with a combined strate-
gy that included preoperative embolization and microsurgery.
Their features can be seen in the supplemented video files.

B MATERIAL and METHODS
Ethical Issues and Design of the Retrospective Study

This retrospective study analyzes 62 AVM patients according
to their treatment approach, including those treated with
microsurgery alone (n=25) versus those treated with presurgical
embolization and microsurgery (n=37) treated between 2015
and 2023. The outcomes of these two groups’ treatments
were compared. A clinical team led by the study’s principal
author led all treatment decisions for these patients. All of the
individuals studied had AVMs of Grade 3 or 4. Patients who
had already undergone stereotactic radiosurgery were not
included in the analysis. All the employed procedures were
in accordance with the regional and institutional responsible
committee’s ethical norms, as well as the most recent Helsinki
Declaration revisions. The local ethics committee of Memorial
Bahcelievler Hospital in Istanbul, Turkey (Approval number:
76; Date: 05.01.2023), granted ethical permission. Informed
consent forms were obtained from all the involved patients.

Presurgical Assessments

Neurosurgeons performed neurological examinations using
the modified Rankin scale (mRS) at the patients’ hospital-
ization, release, and follow-ups. Each patient had magnetic
resonance imaging (MRI) and a digital subtraction angiogra-
phy (DSA) to highlight the lesions’ morphoanatomy and an-
giographic patterns. In addition, fMRI was performed on pa-
tients expected to be involved in the eloquent brain regions.
Eloquence was associated with the Wernicke, Broca, and
visuosensory and fiber pathways, such as the arcuate fas-
ciculus, pyramidal tracts, and optic radiations. A committed
neuroradiologist, a competent neurosurgeon, and one inter-
ventional radiologist independently reviewed the neurological
imaging. A multidisciplinary approach was used to decide on
patient-tailored surgical methods. The following features com-
prised reasons to perform endovascular microembolization in
selected cases: 1—any aneurysm associated with the AVM,
2-dominant feeding arteries of deep origin, 3—a diffuse lesion
lacking defined borders, and 4-High-flow fistulous type.
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Execution of the Single-Staged Combined Surgery

Endovascular embolizations and surgeries were performed
in two separate neighbouring angiography units and
operating rooms. Each operating theater was equipped
with an operative microscope (Pentero R 900, Carl Zeiss
Surgical AG, Oberkochern, Germany), and the angiography
unit was outfitted with a multiplanar angiography complex
Pheno systems (Siemens Healthineers, Germany). If the
embolization and microsurgery procedures were to be
performed on the same day, the patient was brought into the
operating room after embolization, and the operation began
without awakening the patient. Under general anesthesia,
the electro-neurophysiological abnormalities were monitored
neurophysiologically. Following closure, DSA was used through
the guiding catheter to ensure complete lesion occlusion
before waking the patient. The microsurgical excision would
be repeated until no remaining nidus was found.

Clinical Evaluations and Assessment Criteria

Individual patients’ demographic information was recorded,
and Spetzler-Martin (S&M) AVM grades were assigned. The
modified Rankin scale (mRS) was used to determine the
preoperative neurological state. Radiological and physical
examinations were performed on the patients. Allangiographies
and medical data were collected. Furthermore, the surgical
times of the two groups (embolization and microsurgery versus
microsurgery alone) were compared. The number of blood
products and the preoperative and postoperative hemoglobin
levels of both groups (embolization and microsurgery versus
microsurgery alone) were documented and compared.

Statistical Analysis

All the relevant data were analyzed retrospectively using
SPSS software (Version 20.0, IBM, USA). Baseline data were
collected quantitatively and qualitatively and compared using
normal distribution and non-parametric testing. Quantitative
data were presented as mean and standard deviation,
whereas qualitative data were presented as percentages.
We used Fisher exact and Pearson chi-square analyses to
compare results in patients who received microsurgery alone
versus combined treatment with microsurgery + embolization.
Statistical significance was defined as p<0.05.

B RESULTS

Table | demonstrates demographical and clinical features
of patients. In total, 62 patients (34 men and 28 women)
were treated in our institution, with 37 (59.7%) receiving
microsurgery and embolization and 25 (40.3%) receiving only
microsurgery. There was no statistical difference in treatment
strategy between males and females (p>0.05). The median
age of patients did not differ based on treatment approach
(p>0.05). The combination strategy was used to treat more
patients with ruptured AVMs (p<0.05). A greater proportion
of patients with eloquent lesion localization (n=20, 55.6%)
underwent combination treatment than patients treated
with microsurgery alone (n=16, 44.4%). This difference did
not reach statistical significance (p>0.05). The percentage
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Table I: Demographical and Clinical Features of Patients

Embolization+Surgery Only Surgery

Total Number of Patients (n=62) n=37 (59.7%) n=25 (40.3%) p-value
Female 28 (45.2%) 17 11 >0.05
Male 34 (54.8%) 20 14 >0.05
Median Age (year) 27+15.4 28+14.1 21+12.4 >0.05
Ruptured 41 26 (63.4%) 15 (36.6%) <0.05
Eloquent 36 20 (55.6%) 16 (44.4%) >0.05

1 50 31 (83.8%) 19 (76%)

2 6 4 (10.8%) 2 (8%)
Preoperative mRS

3 3 2 (5.4%) 1 (4%) >0.05
Score

4 2 - 2 (8%)

5 1 - 1 (4%)

mRS: Modified Rankin Score.

distributions of mRS (modified Rankin scores) did not differ
between the two treatment modalities (p>0.05).

Table Il demonstrates S&M scores of patients. Patients with
both S&M 3 (26/44, 59%) and S&M 4 grade (11/18, 61.1%)
lesions were more likely to be treated with combination mi-
crosurgery + embolization (p>0.05). In cases with superficial,
deep, and both superficial and deep drainage, more patients
underwent combination microsurgery + embolization treat-
ment (p<0.05). AVM posterior fossa localization rates did not
differ between arms receiving microsurgery and embolization
and those receiving microsurgery alone (p<0.05). Only patients
(n=9) who received the combined treatment had an AVM-re-
lated aneurysm, whereas none were treated with microsurgery
alone. This difference was highly significant (p=0.00).

Both treatments were conducted on the same day in 20 of
37 patients who received preoperative embolization with
microsurgery and after a 6-week interval in the other 17
patients. A 6-week delay between treatments allows normal
perinidal brain tissue adaption after embolization.

Table lll demonstrates the duration of surgical procedures,
preoperative and postoperative hemoglobin levels, and blood
product usage in two different treatment groups. The num-
bers regarding blood product usage in Table Il represent the
total amount of blood units given to the whole group. In the
combination therapy arm, embolization lasted 258 + 35 min.
The combination therapy arm and single microsurgery arm
had surgery times of 367 + 44 and 390 + 41 min, respectively,
which did not differ significantly (p>0.05). The hemoglobin lev-
els before and after surgery in two distinct treatment groups
were not different (p>0.05). While 24 units of red blood cell
(RBC) suspensions were used in 37 patients who received
combined microsurgery and embolization treatment, 16 units
of RBC suspensions were used in 25 patients who received
only microsurgery (0.65 and 0.64 U/per patient did not differ
(p>0.05).
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Video lllustrated Cases
Patient 1

The features of the AVM and the methods used on patient
1 can be observed in the supplemented Video File-1. S1. A
28-year-old woman presented with left homonymous hemian-
opsia and seizure due to a ruptured Grade 4 (S2E1D1) AVM
in the right occipital lobe. The AVM was resected using an
ipsilateral side down posterior interhemispheric approach.
The partial embolization was performed on the day before
the surgery. A direct attack was performed from the posterior
interhemispheric route, and the main feeder from PCA enter-
ing to the calcarine fissure was observed. Embolization was
performed with ONYX (Micro Therapeutics, Inc., Irvine, CA).
Coils were placed with the request of the surgical team to
obtain a guiding point. ICG-VA was obtained before clipping.
The dissection of the AVM was completed and total resection
was achieved. After resection, ICG-VA was performed again.
During the procedure, it was observed that the vein, which
is not part of the AVM structure, is preserved during the sur-
gery. A postoperative MRI and DSA confirmed that the AVM
had been completely removed. The patient made an excellent
recovery and was discharged in a neurologically intact con-
dition.

Patient 2

For the patient-2, the features of the AVM and the applied
procedures can be seen in supplemented Video File-2. A
49-year-old woman presented with aphasia and seizures
due to a unruptured Grade 4 (S2E1D1) AVM located on the
left angular gyrus. A transtemporal approach was used for
resecting the AVM. The direct attack was performed from the
posterior part of the Sylvian fissure and perinidal dissection
was performed and total resection was achieved. This AVM
was resected without any preoperative embolization. A
postoperative MRI and DSA confirmed complete resection of
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Table II: Anatomical Features of AVMs treated with Different Approaches

Embolization + Surgery

Total (n) (n) Surgery (n) p-value

S&M 3 44 26 18
S3 EO VO 17 7 10

<0.05
S2E1V0 14 10 4
S2 EO V1 13 9 4
S&M 4 18 11 7
S3 E1V0 8 3 5

<0.05
S3 EO V1 6 2
S2 E1 V1 4 4 0
Only SVD 31 24 7 <0.05
Only DVD 15 11 4 <0.05
Both SVD and DVD 16 14 2 <0.05
Posterior fossa localization 9 5 4 >0.05
AVM-related aneurysm 9 9 0 =0.00

S&M: Spetzler Martin grade, S: Size, E: Eloquency, V: Vlenous drainage, SVD: Superficial venous drainage, DVD: Deep venous drainage,

AVM: Arteriovenous malformation.

Table IlI: Durations of Surgery, Hemoglobin Levels, Usage of Blood Products

Duration of the Surgical
Intervention (minutes)
(mean = standard

Preoperative
Hemoglobin (gr/dL)
(mean = standard

Postoperative
Hemoglobin (gr/dL)

(mean = standard Blood Product Use*

deviation) deviation) deviation)
i 24 units of RBC in
Embolization+Surgery 367 + 44 111212 10.3+1.6 37 patients
16 units of RBC in
Surgery alone 390 + 41 119+1.4 104 =11 25 patients
p-value >0.05 >0.05 >0.05 >0.05

*The numbers regarding blood product usage in Table Il represent the total amount of blood units given to the whole group.

the AVM. The patient made an excellent recovery and was
discharged in a neurologically intact condition.

B DISCUSSION

A randomized unruptured brain (ARUBA) trial was conduct-
ed to reveal the best treatment for the unruptured brain
AVMs, demonstrating that conservative treatment is superi-
or to surgical intervention (17). Nonetheless, this study has
received widespread criticism for poor patient allocation and
selection bias, short follow-up, and use of nonstandard care
(11,12,15,18,24). Preoperative AVM embolization is common-
ly used as an adjuvant to surgery to make excision safer by
decreasing AVM size, nidal blood flow, and other high-risk
features. According to certain researchers, presurgical embo-

lization can expand the number of operable AVMs that can
be used in single or multiple sessions depending on the ar-
chitectural complexity of the nidus (6). Despite the proposed
hypothetical benefits of presurgical embolization, such as re-
duced hemorrhage and surgical time, insufficient data sup-
port its routine utilization. Nonetheless, this practice harbors
risks of serious complications, including stroke, neurological
disability, and even mortality (4). Further, despite the latest im-
provements in endovascular implementations, embolization
of AVMs is still highly challenging, especially for those having
plexiform structure, distantly localized nidus, and tiny tortu-
ous arterial feeders to approach (8). The morbidity and mor-
tality risks of any treatment are acceptable only if matched or
exceeded by the AVM’s latter risk of bleeding. Multimodality
treatment may also result in the accumulation of risks from the
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various treatments (28). Furthermore, there is no exact mea-
sure of what is beneficial to surgery.

In our current study, more AVM patients were treated with a
combined approach that included embolization and microsur-
gery. Nonetheless, this was not related to the physio-anatomy
of the lesions. This fact was related to our earlier acceptance
that a combined approach in AVM treatment would provide
better clinical outcomes than microsurgery alone. The only
slight difference regarding that a higher number of AVM pa-
tients with eloquent localization were treated with combined
treatment was due to our still ongoing intention in a few se-
lected cases. Because of their nidal size and the presence
of deep venous drainage, eloquently situated AVMs may be
associated with increased surgical risks. Hence, eloquent lo-
calization may be one of the factors which may be regarded
as a reason to use combined embolization and microsurgery
in a patient-tailored approach.

When the two cases discussed above are reviewed, two
AVMs of the same grade (ruptured and nonruptured) are
observed. In both cases, the operative times are very close
to each other. In both cases, the amount of bleeding during
the surgery is very close. In either case, no blood transfusion
was required. When we describe our experience during
surgery, the need to use clips was absolute in the first case
due to preoperative embolization. According to our estimates,
because preoperative embolization was incomplete, the
blood flow that fed the AVM was redistributed, making
coagulation with bipolar alone challenging, particularly in the
non-embolized regions. In the second case, although it was
not preoperatively embolized, even if a temporary clip was
placed, only bipolar coagulation was more comfortable, and
the temporary clip was removed later due to a calmer AVM
and surrounding tissue. Permanent clip application in AVM
surgery may indicate that it is an indirect but healthy indicator
of how difficult hemostasis can be. Therefore, preoperative
embolization, while not strictly a rule, can make AVM surgery
a more challenging procedure. This interpretation should not
imply that embolization should never be performed. However,
it can be concluded that early surgery after embolization is
more challenging than late surgery if the AVM is partially closed
by embolization. For this reason, it may be preferable to plan
surgical removal at least 6-8 weeks after the embolization
intervention or not to perform preoperative embolization
in the surgical planning of AVMs that are unlikely to be fully
embolized. Of course, it should be noted that an AVM that
has not been fully treated during this 6-8-week period may
increase the risk of bleeding.

Complications of presurgical embolization can happen due to
intraprocedural technical complications or alterations in flow
hemodynamics. The pathophysiology of flow-related bleeding
is considered to occur due to the rupture of dysautoregulated
blood vessels surrounding the AVM, which experience a pres-
sure increase during the reversal of arteriovenous shunts or as
aresult of a residual nidus. Because of the unavoidable forma-
tion of cortical transmedullary and transdural collaterals, prox-
imal occlusion of arterial feeding vessels and lack of success
in clogging the nidus with embolic material may have a nega-
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tive impact on the procedure (22). If a significantly contribut-
ing deep perforating artery cannot be effectively embolized,
surgical bleeding risk is high regardless of the embolization
efficacy of non-perforating arteries (20). Furthermore, surgi-
cal complications may be increased if embolization results in
a compensatory increase in diameter or flow of unembolized
feeding arteries, which contain a deep thin-walled perforator
component (20). Moreover, overembolization of AVM feeding
arteries might result in hypertrophy of deep white matter feed-
ers, increasing the technical complexity of microsurgery (7).

Subat et al. conducted a meta-analysis to reveal the pooled
rates of flow-related and total periprocedural bleeding after
AVM embolization, bleeding-associated morbidity and mor-
tality, and risk factors for this complication (27). Their analysis
revealed a pooled total bleeding rate per procedure of 1.8%
for adjuvant (surgery or radiosurgery) and 4.6% for curative
intent. The importance of periprocedural bleeding is revealed
by its morbidity and mortality rates—45.1% and 14.6%, re-
spectively—and the rates were similar regardless of the bleed-
ing etiology (flow-related or technical). Furthermore, pooled
ischemia rates were found for 2.4% per procedure and 4.5%
per patient (27). Hartmann et al. analyzed 119 patients with
brain AVMs treated with endovascular embolization and sub-
sequently with surgical treatment (13). Disabling and nondis-
abling treatment-related complications occurred in 5% and
42% of the patients, respectively, with no treatment-related
deaths. Large AVM size, presentation without bleeding, deep
venous drainage, and location in the eloquent brain were all
independent determinants of the new treatment-associated
deficits (13). Morgan et al. reported that they discontinued us-
ing the embolization for S&M Grade 1 and 2 AVMs because
the sum of risks for both approaches was higher than the risk
associated with surgery alone (19).

In the largest case series ever reported, Donzelli et al. eval-
uated their cohort of 319 AVM patients operated by a single
neurosurgeon and analyzed whether subjects with and with-
out embolization differed with respect to patient and AVM
characteristics (10). Embolized AVMs were larger and less
likely to have hemorrhaged, or diffuse. Further, embolized
AVMs tended to have both superficial and deep venous drain-
age and were less likely to harbor exclusive deep drainage.
In multivariable statistical analysis, embolization did not cor-
relate with blood loss or mRS score changes and was even
associated with longer operating times and higher numbers
of clip usage (10). Another issue is that the angiography may
overestimate embolization success since residual fillings were
found in AVMs with angiographically demonstrated oblitera-
tion. Additionaly, recanalizations may occure after AVYM embo-
lization, and both recanalizations and residual fillings resulting
from incomplete lesion operation may paradoxically increase
the risk of hemorrhage relative to microsurgery alone (24). A
further concern regarding embolization is the heterogeneous
nature of the embolization materials (10). Squid, ONYX, and
PHIL, as well as their subtypes, are the most often used liquid
embolization agents (LEAs). LEAS’ low viscosity may result in
less effective proximal plugs, accidental embolization of non-
target arteries, which supply healthy brain tissue, and early
distal embolization occluding draining veins (30). Moreover, all



the LEAs mentioned above might cause proinflammatory and
vasotoxic effects. For the cyanoacrylates, the toxicity is higher
and associated with releasing highly toxic formaldehyde and
acryl acetate (2,30).

In addition to discussing whether embolization should be
performed before AVM surgeries, another important discussion
is about the exact time when embolization will be performed
before surgery. Surgery may become an urgent necessity when
embolization issues arise, such as bleeding or the catheter
attached to the AVM nidus. The sudden change in the tissue
around the AVM due to the sudden decrease or interruption of
the flow after embolization also increases the risk of surgery
immediately after embolization. Vinuela et al. shared their
experience with the presurgical embolization of 465 AVM
cases (29). In their general practice, they preferred a staged
embolization with an interval between microembolization and
surgical excision of the residual nidus between 7 to 14 days.
But, surgical resection of the residual AVM was performed only
as an emergency procedure only if there was angiographic
evidence of stagnation in the dominant AVM draining veins.
They conclude that staged presurgical embolization of AVMs
within 1-2 weeks before surgery is a plausible approach (29).

Spetzler et al. reported 20 giant AVM cases of Grade-4 ac-
cording to S&M classification, located adjacent to or within
the eloquent brain (26). In all these cases, they performed pre-
surgical embolization, and if the embolization was complete,
the feeding artery was generally ligated at the site of cannu-
lation. This procedure hindered the increased proximal pres-
sure associated with embolization from being transmitted to
residual nonoccluded nidal segments supplied by the feeding
artery (26). This approach resulted in full excision in 18 (90%)
of patients, with no deaths and only three complications, of
which one was disabling. Spetzler et al. concluded that the
immediate presurgical embolization rendered AVMs, which
were considered inoperable or marginally operable, into com-
pletely excizable lesions. In addition, this immediately staged
combined approach provided acceptable morbidity and mor-
tality rates (26).

Wang et al. published their treatment results regarding AVMs,
which are adjacent to or within the eloquent brain, using the
single-staged approach with immediate presurgical microem-
bolization (31). They stated that the reason for selecting such
an approach is related to insufficient lesion-to-eloquence
distance (LED), which causes poor neurological outcomes
after surgery. After partial embolization of the nidus adjacent
or within the eloquent areas, the rest was surgically excised
during the same procedure in 9 patients. Importantly, all treat-
ed cases achieved total AVM obliteration without complica-
tions or neurological complications (31). The authors con-
cluded that such a single-staged in situ approach may have
helped reduce the nidal blood flow after surgery, providing fast
quality checks with post-excision intraoperative angiograms
and immediate observation of AVM occlusion and increasing
the LED to avoid eloquent areas from being injured. Further,
such an approach provided a bloodless surgical plane hinder-
ing the sacrificing of the parenchyma for hemostasis. Finally,
embolic agents acted as arterial feeder markers preventing
negligent injury to adjacent arteries (31).
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Brown et al. reported that the bleeding risk from preoperative
AVM embolization is 11%, with 52% occurring due to non-
arterial perforation (5). Eighty-one percent of these bleedings
occur within 34.4 h post embolization. Hence, Brown et al.
proposed that the bleeding risk could be avoided by employing
microsurgical resection on the same day of embolization (5).
However, the authors did not address the surgical difficulties
when the embolization is performed on the same day of
AVM surgery. In a prospective multicenter study, Zeng et al.
defined the combination of presurgical embolization with
microsurgery as hybrid surgery and compared the outcomes
of single-staged hybrid surgery (SSHS) with the outcomes
of multi-staged hybrid surgery (MSHS) (32). There were no
statistically significant differences in the clinical features
and demographics between these groups. Seven ruptures
occurred in the interval between microembolization and
microsurgery for the MSHS group versus none in the SSHS
group, resulting in a rupture risk of 4.1% per year for the
MSHS group (32). The authors found that with similar rates of
AVM occlusion, reduced interval bleeding and surgical risks
can be obtained with single-stage surgery, even in complex
intracranial AVMs (32).

Intracranial AVMs are uncommon in children, accounting
for 3%-20% of all AVMs, but they produce 30%-50% of
spontaneous intracranial hemorrhage in the pediatric pop-
ulation, resulting in significant morbidity and mortality rates
(25). Soltanolkotabi et al. reported 25 pediatric cases requir-
ing 38 endovascular embolization procedures to occlude 56
pedicles (25). Ten complications (26.3%) were encountered
in 38 procedures; among those, 4 were transient neurologi-
cal, 4 were transient nonneurological complication, and the
remaining were clinically silent. Only deep venous drainage
was found to be a risk factor for increased complication rates.
The authors underlined that all the witnessed complications
were either transient or silent; however, they also noted that
the overall rate of complications was higher than their expec-
tation (25). Pepper et al. reviewed 50 children with a mean
follow-up of 7.6years; among those, 40 (80%) presented with
hemorrhage on initial imaging (23). The AVM drainage was su-
perficial in 51% of cases, and the lesions were localized in
the eloquent cortex in 56%. Their S&M grades were Grade 4
and above in 78% of cases. Primary treatment approaches in-
cluded embolization in 50%, SRS in 30% and surgery in 20%.
Three children had postprocedural bleeding, two associated
with embolization and one the day after SRS, with a rebleed
rate of 6%. There were two mortalities due to acute bleeding
(4%). The authors reported that most children patients with
AVM present with bleeding and also that the judicious utiliza-
tion of these 3 diverse treatment approaches widely reduced
mortality and serious disability (23). To our view, especially in
pediatric low-grade AVMs (Grade 1 and Grade 2), clinicians
should not even consider preoperative embolization, since
these AVMs already constitute the lowest surgical risk group.
Hence, there is no point in adding a further risk of endovascu-
lar embolization. Furthermore, according to our clinical expe-
rience, it would be more appropriate to plan surgical treatment
without preoperative embolization in high-grade pediatric
AVMs suitable for surgery.
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In 2022, two meta-analysis and review studies from the Johns
Hopkins University (USA) and Trinity College (Ireland) were
published comparing clinical outcomes of combined micro-
surgery and embolization with single microsurgery in the man-
agement of AVMs (4,24). The study of Sattari et al. revealed
that obliteration of AVMs, morbidity, and mortality rates were
similar in the combined approach and microsurgery alone (24).
While the meta-analysis of Sattari et al demonstrated that the
combined treatment and single microsurgery strategies are
similar, the authors questioned whether these findings may
be influenced by selection bias, in which more complex le-
sions were treated with embolization. Despite this, their sub-
group analysis of the S&M 3-4 lesion group showed increased
obliteration rates after microsurgery versus the combined ap-
proach, indicating that the selection bias may not influence the
obtained data. The authors also mentioned that microsurgical
obliteration rates were very high (90% and 100% for ruptured
and unruptured lesions, respectively) in low-grade AVMs, fur-
ther indicating that the presurgical embolization does not add
additional clinical benefit. Brosnan et al. performed a MED-
LINE search, and according to the Cochrane Handbook and
PRISMA guidelines, they analyzed articles reporting outcomes
of presurgical AVM embolizations (4). Their primary outcome
assessment was the complication risks associated with pre-
surgical embolization. The analysis of 1,661 citations and 588
patients from eight eligible studies revealed that there is no
sufficient evidence to advise presurgical AVM embolization (4).

S&M Grade 3 and Grade 4 AVMs are not homogeneous. Each
AVM case should be evaluated individually and regardless
of S&M Grade (except Grade Vs), if possible, as a one-time
surgical intervention in treatment planning. For example,
if AVMs located in the caudate nucleus and thalamus
localizations get one score each from the points of localization
in the eloquent area and have deep venous drainage, an AVM
with a nidus diameter of 1 cm will be Grade 3. An AVM with a
nidus diameter greater than 6 cm in localization, such as the
right frontal lobe and right temporal lobe, will also be at least
Grade 3. Therefore, if they are based on localization rather
than the diameter of the lesion, SRS should be considered in
the first line of treatment.

Limitations of the Study

One of the main drawbacks of this study is that the results
are based on the experience of a single neurosurgeon. A
randomized, double-blind prospective multicenter study
should be conducted to reach a more descriptive result.
Another limitation of the study is that it is retrospective, with a
small number of patients included. We have not randomized
the patients even though the baseline characteristics were
similar in the two groups. As these results are informative,
the focus of this work merits more extensive prospective
randomized trials investigating the above-mentioned subject.

B CONCLUSION

Our findings are consistent with other studies and meta-
analyses which showed lack of superiority of the combined
endovascular embolization and microsurgery approach to
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microsurgery alone in treating cerebral AVMs. Based on these
observations and according to our clinical findings declared
above, we advocate the microsurgical approach alone in
treating AVMs if there is no significant contraindication for
surgery in the individual patient.
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