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Case Report
Onyx embolization and surgical removal as a treatment
for hemorrhagic AVM in a hybrid operating room
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Abstract: A ruptured intracranial arteriovenous malformation (AVM) is difficult to treat. Embolization and resection
of the ruptured AVM in a hybrid operating room is an effective treatment, but it has not been thoroughly studied. The
current study reviewed 8 cases of AVM that were treated with this method. Four of the cases involved male patients,
and 4 of the cases involved female patients, with the patients’ ages ranging from 16 to 73 years old. The Hunt-Hess
classification was grade Il for 4 of the cases and grade lll for the other 4 cases. All cases began with a cerebral hem-
orrhage. Digital subtraction angiography (DSA) was performed after the initial diagnosis of AVM, and 3 cases were
accompanied by an aneurysm in the feeding artery. AVYMs were first embolized with Onyx in a hybrid operating room
and then removed via craniotomy surgery. In 1 case of AVM, most of the AVYM was removed and the drainage vein
was residual, while in the other 7 cases, the area was completely removed. Postoperative DSA showed no remnant
of AVM in any of the 8 cases. Three cases were accompanied by flow-related aneurysms. The aneurysms were near
the AVM in 2 of the cases, so they were also embolized with Onyx during embolization of the AVM. In the other case,
there were 2 aneurysms in the feeding arteries that were far from the AVM. The blood flow was reduced after total
resection of the AVM, so this case required follow-up. The patients were followed for six months to 1 year after the
procedure, and their Glasgow Outcome Scale (GOS) scores were used for the evaluation. Four of the patients had a
GOS score of 5, and the other four patients had a score of 4. Therefore, for a ruptured hemorrhagic AVM, emboliza-
tion with Onyx before the operation can reduce the AVM blood flow, reduce operative risks, and yield a satisfactory
therapeutic effect.
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Introduction surgery centers are already equipped for digital
subtraction angiography (DSA) in their modern
operating rooms, and hybrid operating rooms
have become very popular [4, 5]. Currently, th-
ere are few studies that have been conduct-
ed on the removal of ruptured AVMs after em-
bolization in a hybrid operating room. There-
fore, the current study retrospectively summa-
rized 8 cases of patients who were successfully
treated in the Department of Neurosurgery,
First Hospital of Jilin University, with the goal
of improving the understanding of this type of
treatment.

Intracranial arteriovenous malformation (AVM)
is a neurosurgical disease that is difficult to
treat, especially in cases where the AVM rup-
tures [1]. For a ruptured AVM, endovascular in-
tervention could be a treatment option to em-
bolize the ruptured section of the AVM. This
procedure results in hemodynamic changes of
the AVM and redistribution of blood flow, and
it carries the risk of hemorrhagic AVM recur-
rence [2]. Therefore, the most radical approach
is a radical resection of the ruptured AVM. In
most cases, the risks for surgery on a small

AVM are low, while direct surgical removal of
a large and complex AVM is a high-risk proce-
dure [3]. Preoperative embolization could ef-
fectively reduce the difficulties involved in the
surgical removal of a ruptured hemorrhagic
AVM, and this treatment is also easy to imple-
ment in a hybrid operating room. Many neuro-

Material and methods

General information

This study included 8 patients with hemorrhag-
ic AVM who were treated at The Department of
Neurosurgery of the First Hospital of Jilin Uni-
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Table 1. Summary of the information from the clinical cases

. SM Accompanied AVM Degree Postoperative
No. Age Gender Onset HH AVM location I P - g . P GOS
classification by aneurysm embolization of resection DSA
1 16 F IH involving ventricle Il Left frontal lobes 3 1 aneurysm of the Majority embolization  Most portions were No development of AVYM 5
blood supply artery, resected, with the
Onyx embolization venous end residual
2 73 M Subarachnoid Il Left cerebellar hemisphere 2 1 aneurysm of the Majority embolization  Total resection No development of AVYM 5
hemorrhage and fourth blood supply artery,
ventricle hemorrhage Onyx embolization
3 35 F IH Il Leftfronto-parietal lobes 4 2 aneurysms of the  Minority embolization  Total resection No development of AVM 4
blood supply artery,
no treatment
4 53 M IH Il Left fronto-parietal lobes 3 No Majority embolization  Total resection No development of AVM 4
5 48 F IH Il Left parietal lobe 2 No Near-total embolization Total resection No development of AVM 5
6 24 F IH involving ventricle Il Right fronto-parietal lobes 2 No Near-total embolization Total resection No development of AVM 4
7 52 M IH Il Right parietal lobe 1 No Minority embolization  Total resection No development of AVM 4
8 37 M IH Il Right cerebellar hemisphere 1 No Majority embolization  Total resection No development of AVM 5

HH: Hunt-Hess grade; AVM: Arteriovenous malformation; SM grading: Spetzler-Martin grading; GOS: Glasgow Outcome Scale; IH: Intracerebral hematoma.
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Figure 1. Images from case 1. A: Head CT shows hemorrhage of the left
frontal lobe that breaks into the ventricle; B: Head CTA shows an AVM in the
frontal lobe, which is fed by the MMA and ACA and drains into the ventricle;

an intraventricular hemorrha-
ge in 1 patient, and a sub-
arachnoid hemorrhage with a
fourth ventricle hemorrhage
in 1 patient. According to the
Hunt-Hess classification, 4 of
the patients were class Il and
4 were class lll. Detailed clini-
cal data are shown in Table 1.

Imaging examinations

Patients underwent comput-
ed tomography angiography
(CTA) and DSA after onset to
definitively diagnose AVM, to
observe the location of the
AVM and its relationship with
the surrounding functional re-
gions, and to measure the
size of the AVM. DSA was
used to observe both the
anterior and posterior circu-
lation simultaneously to de-
termine the source of the
feeding arteries, whether the
feeding arteries were accom-
panied by aneurysms, the
degree to which venous dr-
ainage was obstructed, and
whether deep venous drain-
age was present. The loca-
tions of the AVMs were as
follows: frontal lobe, 1 case;
fronto-parietal lobe, 3 cases;
temporal lobe, 2 cases; cere-
bellum, 2 cases; and feeding
arteries, 3 cases. The Spet-
zler-Martin (SM) classification
was used to assess the AVMs
as follows: 2 cases were clas-

C, D: Head DSA examination shows that the AVM was introduced into the

straight sinus via the internal cerebral vein, and an aneurysm was found in
the blood supply artery; E: Onyx glue was used to embolize most of the AVM;
F: Angiography after the craniotomy removal of the AVM shows the venous

sified as 1 point, 3 cases as 2
points, 2 cases as 3 points,
and 1 case as 4 points.

drainage end of the residual embolism, but an AVM did not develop.

versity from January 2015 to January 2016. All
8 patients underwent interventional emboli-
zation in a hybrid operating room before crani-
otomy for resection of their AVMs. Four of the
patients were male, and four patients were
female, with ages ranging from 16 to 73 years
(average, 42.3 years). Computed tomography
(CT) examination after onset showed intrace-
rebral hematomas in 4 patients, intracerebral
hematomas involving ventricles in 2 patients,
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Surgical treatment

Using DSA to observe the structure and hemo-
dynamics of the AVM, the best working angle
to expose the direction of the major feeding
arteries and embolize the AVM was selected. A
Marathon microcatheter was introduced into
the feeding arteries, approximately 0.23 ml of
DMSO was injected when the catheter tip was
near the nidus of the AVM, and Onyx was then
injected under the roadmap for the AYM embo-
lization. Other feeding arteries could be select-
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Figure 2. Images from case 3. A: Head CT shows bilateral ventricle hemor-
rhages that are greater on the left side; B: Right internal carotid artery DSA
shows that the AVM was supplied by the distal end of the left ACA and that
the AVM was located in the left frontal and parietal lobes; C: 3D-DSA shows
2 aneurysms on the genu of the corpus callosum of the left ACA; D: Embo-
lization of the AVM with Onyx via the ACA and DSA showing a reduction of
the AVM volume; E: Left MCA angiography shows part of the AVM located
laterally, which was supplied by the cortex of the MCA, and the wedge lenticu-
lostriate artery also participated in the blood supply; an aneurysm is shown
at the end of the lenticulostriate artery, which was part of the AVM that was
not embolized; F: DSA shows total resection of the AVM after embolization
of the medial AVM.

ed for embolization in the case of unsatisfac-
tory embolization of the AVM nidus, and embo-
lization was stopped when the blood flow of the
AVM was noticeably reduced or when the
embolization was satisfactory. Dyna CT or Xper
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CT was performed after em-
bolization to determine AVM
positioning, and the appropri-
ate surgical approach was
then selected based on the
site of the AVM. The AVM was
removed along the boundary,
and repeat DSA or CT exami-
nations could be performed
during the surgery to observe
the resection of the AVYM and
the presence of residual he-
matomas. DSA was used at
the end of the surgery to
determine whether the AVM
was completely removed.

Postoperative treatment and
follow-up

Each patient was given symp-
tomatic treatments postoper-
atively. A routine head CT was
performed to detect the pre-
sence of any postoperative
complications, such as surgi-
cal cavity bleeding or encep-
haledema and infarction, and
to closely observe the chang-
es in the disease condition. In
cases where the condition
was aggravated, the patient
underwent a CT exam and
symptomatic treatments. Pa-
tients were followed for half
a year, and the Glasgow Out-
come Scale (GOS) was used
for assessments.

Results
The treatment of AVM

Eight cases of AVM were em-
bolized with Onyx (including
minority partial embolization
in 2 of the cases, majority
partial embolization in 3 of
the cases, and subtotal embo-

lization in 3 of the cases). Then, the 8 patients
underwent resection of the AVM (resection of
most of the area with residual drainage in the
venous end in 1 case and total removal in the
7 other cases). Postoperative DSA examination
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Figure 3. Images from the patient in case 4. A: Head CT shows the hema-
toma in the left fronto-parietal lobe; B: Head 3D-DSA shows the AVM in the
left fronto-parietal lobe, which is fed by the ACA and MCA at the end, and par-
ticipation of the left lenticulostriate artery in the blood supply; C: The blood
supply artery of the AVM is located at the optimal projection angle; D: The
AVM was completely embolized with the best working angle; E, F: DSA imme-
diately after the operation shows total resection of the AVM.

showed no development of any new AVMs in
any of the patients.

Treatments of aneurysms of the merged feed-
ing artery

Among the 8 patients with AVM, 3 had a flow-
related aneurysm in the feeding arteries, and in
2 of these cases, the aneurysms were near the
AVM and were subsequently also blocked with
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Onyx during the embolization
of the AVM. In another case,
the feeding artery had two
aneurysms that were far
from the AVM. The blood flow
of the aneurysms was de-
creased after removal of the
AVM, so they were not treat-
ed; however, regular obser-
vations were made of them
following the procedure.

Follow-up results

The GOS was used for the
follow-up assessments. The
patients were followed for six
months to one year after the
procedure. The GOS scores
were 5 points for 4 of the
cases and 4 points for the
other 4 cases. Treatment and
follow-up results are shown
in Table 1. Typical cases are
shown in Figures 1-4.

Discussion

Intracranial AVM is a common
cerebrovascular disease that
is difficult to treat because
of the associated large blood
flow. When the volume of the
AVM is large, a simple surgi-
cal resection carries a higher
risk of intraoperative hemor-
rhage or even hemorrhagic
shock; AVMs that are deeply
located are difficult to excise
via surgery while retaining im-
portant functional areas [6].
Furthermore, it is difficult to
completely embolize an AVM
with endovascular emboliza-
tion [7]. Additionally, thorough
treatment should be provided, especially in
cases with intracranial AVM ruptures and hem-
orrhages, because partial incisions or incom-
plete embolizations cannot ensure the pre-
vention of postoperative bleeding for ruptured
AVMs [8]. Surgery can eliminate AVM but has
high risks; endovascular embolization is safer,
but it is difficult to thoroughly embolize an
AVM with this procedure. Therefore, a combina-
tion of surgery and interventional embolization
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vention technologies, only in-
traoperative angiography was
available during operations to
treat AVM, which is very con-
venient for use during AVM
resections [10]. Sometimes,
it can be difficult to find the
boundary of a big AVM dur-
ing surgery, so intraoperative
DSA could help accurately dis-
tinguish the boundary of the
AVM and identify unexpect-
ed residual AVMs in these
cases. Munshi et al. condu-
cted an intraoperative DSA
study involving 25 cases of
AVM in 1999, with intraopera-
tive DSA showing residual
AVMs in 2 of the cases after
resection, corresponding to
an incidence of 8%. There-
fore, intraoperative DSA also
has important applications
and value during early AVM
resections [11]. In addition to
having the ability to provide
intraoperative DSA, modern
DSA machines also have the
functionality of CT. For exam-
ple, Dyna CT (Siemens) and
Xper CT (Philips) can aid in
preoperative and intraopera-
tive localization of AVMs and
can help determine whether
a hematoma combined with
an AVM is clearly removed or
whether there is new bleed-

Figure 4. Images of the patient in case 7. A: Head CT shows the hematoma in
the right temporal lobe; B: 3D-DSA of the right internal carotid artery shows
the AVM in the right temporal lobe, which is fed by the inferior terminal of the
MCA; C: Vertebral artery angiography shows that the distal branch of the right
PCA is also involved in the blood supply; D: The AVM was partially embolized
through the blood supply branch of the MCA; E, F: DSA immediately after the
operation shows total resection of the AVM.

should provide better treatment for AVM [9].
However, there are currently few studies on this
subject. Therefore, the current study summa-
rized 8 cases of patients who underwent inter-
ventional embolization before craniotomy and
resection in 2015 in a hybrid operating room.

The concept of hybridization has been suggest-
ed repeatedly over time. Initially, because of
equipment limitations and limitations of inter-
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ing during the operation [12].
They can merge intraopera-
tive CT with arteriovenous
malformations to form 3D
images and are easy to im-
plement in a modern hybrid
operating room [13]. Among
the 8 cases in the current study, the location
of the AVM in case 3 was confirmed several
times prior to total resection with DSA inspec-
tion because its MMA was diffuse and the
boundary was unclear. Additionally, Xper CT
was used multiple times to detect the presen-
ce of bleeding.

There are many methods of treating intracrani-
al AVM, including surgical resection, emboliza-
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tion, and radiation therapy; however, in some
cases, the use of a single method is not effec-
tive in treating AVM [14]. For an AVM with a
higher SM grade, a combination therapy is rec-
ommended, such as partial embolization +
radiotherapy or surgical resection + radiation
therapy for the residuals [8, 15]. However, a
combination of embolization and radiotherapy
or radiotherapy after resection mainly targets
non-ruptured AVMs [16]. After an AVM has rup-
tured, the best treatment is to completely
remove it [17]. Simple surgical excision can
easily treat ruptured AVMs of Spetzler-Martin
grades | and Il [18]. However, for complex AVMs,
endovascular embolization before surgical
resection may be a more promising treatment.
Some AVMs can comprise several compart-
ments, each of which may be supplied by differ-
ent arteries. When some of the feeding arteries
are fine and the AVM is relatively diffuse, embo-
lization is difficult via interventional treatment;
if the compartments that cannot be embolized
are ruptured and hemorrhagic, embolization of
other parts of the AVM may not have a thera-
peutic effect. In contrast, embolization of the
other compartments that can be embolized
can reduce the difficulty of an AVM resection
and can ultimately provide opportunities for
resection. In cases 1 and 4 in the current study,
there were multiple feeding arteries in the
AVMs and the ruptured and hemorrhagic por-
tions could be removed only by surgical resec-
tion; therefore, the other parts needed to be
embolized before the AVM could be completely
removed.

Materials that are used for the embolization of
AVMs are primarily NBCA and Onyx. Onyx is
more widely applied, is a non-adhesive liquid
embolic material, and can effectively embolize
AVMs [19]. The embolization method in combi-
nation with surgical removal in a hybrid operat-
ing room may be different from the simple
application of interventional embolization of an
AVM. Preoperative embolization in combination
with the surgical removal of an AVM does not
emphasize radical embolization of the nidus;
instead, the primary goal of this procedure
should be embolization of the feeding arteries
to reduce the blood flow of the AVM, as this can
reduce intraoperative bleeding and excessive
perfusion syndrome. For parts of the AVM that
cannot be embolized, such as some fine feed-
ing arteries, the risks that accompany surgical
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resection of the AVM are not very high. In the 8
patients in this study, the surgical resection
was easy after embolization with the described
methods. It is important to note that 3 cases in
this study had aneurysms in the feeding arter-
ies, which were related to blood flow and mainly
due to the high blood pressure of the feeding
artery [20]. Regarding treatment for this type of
aneurysm, if the aneurysm is near the AVM, it
can be embolized along with embolization of
the AVM; however, if the aneurysm is far from
the AVM, it can be observed via follow-ups. One
study found that an aneurysm in the feeding
artery can disappear after resection of an AVM
[21]. Among the 8 cases in this study, 3 cases
involved aneurysms in the feeding arteries in
addition to the AVM, including 2 cases with
aneurysms near the AVM that were embolized
and another case with an aneurysm far from
the AVM, which was treated conservatively
because of slowed blood flow after the total
resection of the AVM. Thus, for ruptured and
hemorrhagic AVMs, preoperative embolization
with Onyx can reduce blood flow to the AVM,
thereby reducing the risks of the surgery and
providing a satisfactory therapeutic effect.
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