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Objective : To describe our experiences with a fully equipped high-end digital subtraction angiography (DSA) system within a
hybrid operating room (OR).

Methods : A single-plane DSA system with 3-dimensional rotational angiography, cone-beam computed tomography (CBCT), and
real-time navigation software was used in our hybrid OR. Between April 2014 and January 2018, 191 sessions of cerebrovascular
procedures were performed in our hybrid OR. After the retrospective review of all cases, the procedures were categorized into three
subcategorical procedures : combined endovascular and surgical procedure, complementary rescue procedure during intervention
and surgery, and frameless stereotaxic operation.

Results : Forty-nine of 191 procedures were performed using hybrid techniques. Four cases of blood blister aneurysms and a
ruptured posterior inferior cerebellar artery aneurysm were treated using bypass surgery and endovascular trapping. Eight cases
of ruptured aneurysm with intracranial hemorrhage (ICH) were treated by partial embolization and surgical clipping. Six cases of
ruptured arteriovenous malformation with ICH were treated by Onyx embolization of nidus and subsequent surgical removal of
nidus and ICH. Two (5.4%) of the 37 cases of pre-mature rupture during clipping were secured by endovascular coil embolization. In
one (0.8%) complicated case of 103 intra-arterial thrombectomy procedures, emergency surgical embolectomy with bypass surgery
was performed. In 27 cases of ICH, frameless stereotaxic hematoma aspiration was performed using XperGuide® system (Philips
Medical Systems, Best, the Netherlands). All procedures were performed in single sessions without any procedural complications.

Conclusion : Hybrid OR with a fully equipped DSA system could provide precise and safe treatment strategies for cerebrovascular
diseases. Especially, we could suggest a strategy to cope flexibly in complex lesions or unexpected situations in hybrid OR. CBCT
with real-time navigation software could augment the usefulness of hybrid OR.
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INTRODUCTION

The usefulness of a hybrid operating room (OR), which is
fully equipped with digital subtraction angiography (DSA),

5,6,13-15 .
P19 i particular,

has been demonstrated by neurosurgeons
high-resolution three-dimensional rotational angiography
(3DRA) was integrated in the OR to improve the intraopera-
tive diagnostic capabilities”. Going beyond intraoperative di-
agnostic control angiography, various types of combined sur-
gical and endovascular procedures have been performed in
single sessions in the hybrid OR™""*"**” Newly developed re-
al-time navigation software merged with cone-beam comput-
ed tomography (CBCT) can be used in frameless navigation
and in access to deep-seated intracranial lesions'. Currently, a
hybrid OR is becoming popular in studies of various cerebro-
vascular diseases.

In accordance with these modern trends, we aimed to in-
troduce a fully equipped high-end DSA system in one of our
ORs. We present the organizational points, clinical results,
advantages and drawbacks from the treatment of patients

with cerebrovascular diseases in hybrid OR.

MATERIALS AND METHODS

This retrospective study was approved by the Institutional

Review Board at Kangdong Sacred Heart Hospital and in-

formed consent was waived (IRB No. 2018-06-011). Patient
and procedural data and clinical records have been prospec-
tively recorded in a database continuously and were retrospec-

tively analyzed.

Patient population

Between April 2014 and January 2018, 191 sessions of cere-
brovascular procedures were performed in our hybrid OR by
one neurosurgeon who perform open surgery and two hybrid
neurosurgeons who conduct concurrently with open surgery
and neurointerventional procedure : 48 procedures for rup-
tured aneurysm; five unruptured aneurysm; six ruptured ar-
teriovenous malformation (AVM); two rupture dural arterio-
venous fistula; 103, ischemic stroke; and 27, intracranial
hemorrhage (ICH). After the review of all cases, we selected
cases which were treated using hybrid technique. The proce-
dures were categorized into three subcategories : 1) combined
endovascular and surgical procedure, 2) complementary res-
cue procedure of intervention and surgery, and 3) frameless

stereotaxic operation.

Organization and equipment of hybrid operating
room

A ceiling-mounted monoplane DSA system (Allura Xper”
20FD; Philips Medical Systems, Best, the Netherlands) was in-
stalled in one of our ORs. The system consists of a 3DRA, C-
arm mounted CBCT, and virtual guiding software (Xper CT

Fig. 1. A: Configuration of the hybrid operating room during the cranial operation. B : Positioning of the fluoroscopic C-arm during the endovascular procedure.
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and XperGuide System; Philips Medical Systems). The hybrid
OR was also equipped with an X-ray transparent surgical table
(MAGNUS OR Table System; Maquet GmbH, Rastatt, Ger-
many) and a radiolucent skull clamp, halo ring, and horseshoe
headrest (DORO" Radiolucent Headrest System; Pro Med In-
struments, GmbH, Germany). This system allows intraopera-
tive angiography with 3DRA and 320 or 640 projections
around 240° with a rotational speed of 30 or 55° per second.
Both intraoperative angiography with 3DRA and CBCT can
be performed any time during surgery without moving the
patient to another table or position. If the surgical table is tilt-
ed at any degree and direction during surgery, the surgical ta-
ble should be returned to neutral position to perform 3DRA
and CBCT. Radiolucent headrest system is usually maintained
during intraoperative angiography with 3DRA and CBCT.
During cranial surgery, the C-arm falls to the caudal side. In
addition, when performing angiography, intervention, or
CBCT, the C-arm moves to the cranial side (Fig. 1).

RESULTS

Forty-nine of 191 procedures were performed using hybrid

techniques in a single session without any problems (Table 1).

Combined endovascular and surgical procedure
Four cases of blood blister-like aneurysm (BBA) and one

Table 1. Details of procedures
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ruptured aneurysm of the posterior inferior cerebellar artery
(PICA) were treated by one-off combined bypass surgery and
endovascular trapping of the pathologic segment (Fig. 2). In
emergency situations, the balloon occlusion test was not per-
formed to evaluate the collateral flow. In cases of blister aneu-
rysm, the carotid compression test was performed to reveal
angiographic collateral flow. In all cases of BBA, poor collat-
eral flow was identified. In all cases, bypass surgery was per-
formed first, and subsequently, coil embolization was per-
formed. During interventional procedure, craniotomy was left
open in cases of anterior circulation lesion. After coil emboli-
zation, further dissection was done to identify the lesions. In a
case of posterior circulation lesion, craniotomy was closed be-
fore coil embolization because the patient’s position needed to
change from prone to supine. All procedures were done with-
out any complication.

Eight cases of ruptured aneurysm with ICH were treated by
subtotal coil embolization and subsequent clip ligation (Fig. 3),
of which five were middle cerebral artery bifurcation aneu-
rysm; two posterior communicating artery aneurysm; and
one anterior communicating artery aneurysm. The coils were
visible through the aneurysm dome, and no occurrence of in-
traoperative aneurysm rupture was reported in all cases. All
aneurysms were eliminated without any procedural complica-
tions. Systemic heparinization was not performed for endo-
vascular procedures in all cases. Continuous irrigation was

maintained using saline mixed with heparin via a guiding

No. Procedure 1 Procedure 2 Procedure 3

Combined endovascular and surgical procedure

Ruptured AVYM 6 Preoperative embolization Surgical resection ICH removal

Blister aneurysm 4 High-flow bypass Embo trapping

Ruptured PICA An. 1 OA-PICA bypass Embo trapping

Ruptured An. with ICH 8  Partial An. embolization Clipping ICH removal
Rescue procedure

Premature rupture of An. 2 Sylvian dissection An. embolization Clipping

Complicated IA thrombecomy 1 IAthrombectomy Open thrombectomy ECIC bypass
Frameless stereotaxic operation

Spontaneous ICH 20 Conebeam CT ICH aspiration

Ruptured An. with ICH 5 An.clipping Cone beam CT ICH aspiration

Ruptured dAVF with ICH 2 dAVF embolization Cone beam CT ICH aspiration

AVM : arteriovenous malformation, ICH : intracranial hemorrhage, Embo : embolization, PICA : posterior inferior cerebellar artery, An. : aneurysm, OA :
occipital artery, IA : intra-arterial, ECIC : external carotid-internal carotid, CT : computed tomography, dAVF : dural arteriovenous malformation
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catheter and microcatheter. There was no ischemic complica-
tion after the procedures.

Six patients of ruptured cerebral AVM underwent com-
bined endovascular and surgical procedures in the hybrid OR.
In all cases, preoperative embolization was done first. Subse-
quent surgical procedures were performed under indocyanine
green video angiography (ICG-VA) guidance. In all cases,
ICG-VA could not reveal residual nidus. In one (16.7%) of six
procedures, however, residual nidus was found by intraopera-
tive angiography. This residual lesion was resected in the same
session and second angiography confirmed completion of re-

sections.

llustrative case 1
A 64-year-old female patient presented with semicomatose

mentality. Brain computed tomography (CT) showed diffuse

subarachnoid hemorrhage (SAH) with intraventricular hem-
orrhage and hydrocephalus (Fig. 2A). On DSA, the aneurysm
at the proximal segment of the left PICA was identified. It had
a wide neck with triangular shaped dome. It also associated
with parent artery stenosis at the juxtadistal to the aneurysm
(Fig. 2B). We decided that the lesion was not suitable for endo-
vascular treatment, and clipping maintaining patency of the
parent artery also seemed to be difficult due to geometry of
the aneurysm. Under the general anesthesia, the patient placed
in the prone position. We performed extraventricular drain-
age catheter insertion at the right parieto-occipital point, and
occipital artery (OA)-PICA bypass through the left suboccipi-
tal craniotomy (Fig. 2C). After the patient placed supine posi-
tion, subsequent endovascular trapping underwent to occlude
the aneurysm including parent artery (Fig. 2D). Intraoperative

angiogram revealed complete occlusion of the aneurysm with

Fig. 2. Brain computed tomography and digital subtraction angiography showed a dissecting aneurysm at the proximal segment of the left posterior inferior
cerebellar artery (PICA) with diffuse subarachnoid hemorrhage (A and B). C: Occipital artery (OA)-PICA bypass was performed first. D : Subsequent coil emboliza-
tion was performed. Complete control intraoperative angiogram showed complete occlusion of the aneurysm with patent OA-PICA bypass (E and F).
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patent OA-PICA bypass (Fig. 2E and F). The patient fully re- llustrative case 2

covered without any neurologic deficits. A 53-year-old female patient presented with severe headache.

Fig. 3. A: Noncontrast brain computed tomography (CT) showed diffuse subarachnoid hemorrhage with a left temporal hemorrhage. B : 3-dimensional rota-
tional angiogram revealed complex ruptured aneurysm of the left middle cerebral artery bifurcation. C: Subtotal coil embolization was done to protect ruptured
point. Neck of the aneurysm was preserved. D : Partially coiled aneurysm was exposed without pre-mature rupture. E : Clip application was done with preserva-
tion of the parent artery. F : Temporal hemorrhage was exposed nearby coiled segment of the aneurysm (arrow), and it was removed under the microscope. G:In-
traoperative angiography showed complete occlusion of the aneurysm. H : Postoperative brain CT revealed complete removal of the temporal hemorrhage.
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Brain CT scan showed diffuse SAH with the right temporal
hemorrhage (Fig. 3A). DSA demonstrated a complex aneurysm
at the right middle cerebral artery (MCA) bifurcation (Fig. 3B).
To protect pre-mature rupture during sylvian dissection, bare-
platinum coils were embolized in the suspected rupture point
(Fig. 3C). After that, aneurysm exposure was done. We could
expose the whole aneurysm without premature rupture (Fig. 3D).
Even though it was a multi-lobulated, wide-necked aneurysm,
we could achieve complete aneurysm occlusion without resid-
ual neck preserving parent artery (Fig. 3E). Temporal hemor-
rhage was exposed during aneurysm dissection, and we could
surgically remove under the microscopic field after clip appli-
cation (Fig. 3F). Intraoperative angiogram revealed complete
occlusion of aneurysm, and postoperative brain CT showed

complete removal of the temporal hemorrhage (Fig. 3G and H).

The patient was discharged without any neurologic deficits.

Complementary rescue procedure of interven-
tion and surgery

In two (4.5%) pre-mature rupture during clipping of the 44
ruptured aneurysm cases, they were secured by endovascular
coil embolization. Intraoperative aneurysm rupture occurred
early in sylvian dissection before exposing the aneurysm and
parent artery in two cases. When intraoperative aneurysm
rupture occurred, the double suction technique was applied to
identity the bleeding point. However, bleeding point could not
be clarified because the sylvian dissection was not complete.
Moreover, the aneurysm and parent artery were not exposed,
and bleeding control could not be done with temporary clip

or tandem clip application. Under the suction, a cotton pad

Fig. 4. A: The left internal carotid angiogram revealed occlusion of middle cerebral artery (MCA) superior trunk. B : Superselective angiogram via microcatheter
showed contrast leakage. C : Surgical embolectomy was performed. D : Arteriotomy site was closed using right-angled mini-clip. E : Superficial temporal artery-
MCA bypass was performed for central artery occlusion after surgical embolectomy. Complete surgical recanalization was achieved 367 minutes after the last
normal time. F : Complete control angiogram showed complete recanalization of the left MCA.
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was compressed against the bleeding point beneath the suction
until bleeding stopped. Immediately after bleeding control was
achieved, we were able to switch to endovascular procedure re-
maining the craniotomy site open. After coil embolization,
microdissection was performed to expose the aneurysm, and
clipping was performed if necessary.

In one (0.8%) complicated case of the 103 intra-arterial (IA)
thrombectomy procedures, of which further interventional
procedures were impossible, emergency surgical embolectomy
with bypass surgery was performed. Even though intravenous
(IV) tissue plasminogen activator (tPA) was prescribed, no
procedural-related hemorrhagic complications were reported
(Fig. 4). The patient presented a National Institute of Health
Stroke Scale (NTHSS) score of 22, and the NTHSS score at dis-
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charge was 2.

llustrative case 3

A 55-year-old male patient presented with aphasia and right
side weakness. Initial symptoms developed 30-minute before
admission. Brain CT showed no abnormal findings, however,
CT perfusion revealed transit time delay at the left MCA terri-
tory. Left internal carotid angiogram demonstrated occlusion
of proximal segment of MCA superior trunk (Fig. 4A). Initial
NIHSS score was 20, and immediate endovascular thrombec-
tomy underwent under the local anesthesia. After the naviga-
tion of occlusion segment using microcatheter (Prowler Select
PLUS; Codman Neurovascular, Miami Lakes, FL, USA) and
microwire (Synchro 14; Stryker, Fremont, CA, USA), superse-

Fig. 5. A and B: Brain computed tomography (CT) and CT angiography showed an aneurysm at the anterior communicating artery with diffuse subarachnoid
hemorrhage accompanied by intracranial hemorrhage (ICH) at the left frontal lobe. C: After clip application through the right pterional approach, ICH was aspirat-
ed under the guidance of XperGuide® system (Philips Medical Systems, Best, the Netherlands) via the left Kocher’s point. D : During progression of the needle, tra-
jectory was shown on the fluoroscopic image as central needle path with surrounding cylinder of 1-cm safety margin. E : Post-aspiration cone-beam CT showed
near-complete removal of ICH. F : Postoperative brain CT showed near-complete removal of the frontal ICH.
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lective angiography was done. It showed contrast leakage into
the subarachnoid space (Fig. 4B). The NIHSS score was wors-
en to 22. We decided immediate conversion to open surgery
for surgical embolectomy. After induction of general anesthe-
sia, the left pterional approach was done. During sylvian dis-
section, rupture point was identified, and it could be con-
trolled using bipolar cautery. Further dissection identified
occlusion segment of MCA. Using a microscissor, arteriotomy
was done at the mid-segment of thrombus. Thrombus was re-
trieved using Jeweller’s forceps, and arteriotomy site was
closed using right-angled mini-clip (Fig. 4C and D). Intraop-
erative angiogram demonstrated an occlusion of central ar-
tery, and emergent superficial temporal artery (STA)-MCA
bypass was done (Fig. 4E). Complete control angiography
showed complete recanalization of the left MCA (Fig. 4F).
Complete surgical recanalization was achieved 367 minutes
after the last normal time. There were no surgical complica-

tions. At discharge, patient’s NIHSS score was 2.

Frameless stereotaxic operation

In 27 cases of ICH, frameless stereotaxic hematoma aspira-
tion was performed using XperGuide system. Of the 27 cases,
20 had spontaneous ICH; five aneurysm-related ICH; and two
ICH from a ruptured dural AVFE. All cases required more than
one aspiration. Immediately after the first aspiration, XperCT
was performed to evaluate residual hematoma and re-plan-
ning for further session of aspiration, if necessary. Therefore,
we can achieve near-complete removal of ICH. In two (10%)
of the 20 cases of spontaneous ICH, decompressive craniecto-

my was performed due to cerebral edema (Fig. 5).

llustrative case 4

A 65-year-old female patient presented with stuporous
mentality. Brain CT and CT angiography showed diffuse SAH
with large left frontal ICH (Fig. 5A and B), and anterior com-
municating artery (Acom) aneurysm. Due to the right Al
dominancy with aplastic left A1, microsurgery was performed
through the right pterional approach. After clip application
for the Acom aneurysm, ICH was aspirated via burr-hole at
the left Kocher’s point under the guidance of XperGuide®
system (Philips Medical Systems) (Fig. 5C and D). Without
additional craniotomy, we could achieve near-complete re-
moval of the left frontal ICH by two-session of aspiration (Fig.

5E and F). The patient was recovered with mild cognitive im-
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pairment (modified Rankin Scale score 1).

DISCUSSION

We observed the feasibility, safety, and impact of hybrid OR
on the treatment of various cerebrovascular diseases. For
complex intracranial aneurysms, combined microsurgical and
endovascular technique could provide relatively simple and
safe treatment strategies’. Direct clipping of BBA usually has a
relatively high rate of intraoperative aneurysm rupture during

21,22
acute phase surgery

). Although the endovascular procedure
is presented as an alternative, there is a relatively high proba-
bility of rupture during coil embolization and recurrence even
after treatment™. Thus, trapping of ICA involving BBA with/
without bypass surgery is considered to be a relatively safe and
complete procedure to treat BBA®”. In microsurgical trapping,
anterior clinoidectomy is often necessary, and sensitive lesions
should be touched. In contrast, endovascular trapping can be
performed safely and conveniently compared to microsurgical
trapping. However, an optimal treatment method for BBAs
had not been defined. Various surgical and endovascular
strategies for BBAs have been suggested, and each method has
usually been applied to each case. A hybrid procedure for
BBAs that we present in this study is another option when
both methods are not appropriate to apply. In the case of
PICA aneurysm, extensive bone work was not required to ex-
pose the lesion. Once bypass flow has been guaranteed, endo-
vascular trapping of aneurysm could simplify the operation
from a far lateral approach with vertebral artery exposure and
condylectomy. In these treatments, bypass occlusion could be
a limitation of two-session combined treatment, and single-
session combined treatment is a better option to avoid bypass
occlusion'.

Treatment of ruptured aneurysms with ICH is also chal-
lenging. Microsurgical clipping of ruptured aneurysms associ-
ated with ICH often involves intraoperative aneurysm rupture
during dissection, and exposing wide-necked or large-sized
lesions is often difficult due to brain swelling or ICH". In
terms of endovascular procedures, early rebleeding often oc-
curs after coil embolization of ruptured aneurysm with adja-
cent [ICH*""",

For wide-necked lesions, complete occlusion may be diffi-

cult using coil embolization**”. In the case of these lesions,



preventing pre-mature rupture during dissection, we per-
formed incomplete coil embolization to protect the ruptured
point of the aneurysm. All eight incompletely coil-embolized
aneurysms could be dissected without intraoperative aneu-
rysm rupture and completely obliterated using clip. After in-
complete coil embolization, in particular, microsurgical dis-
section around the aneurysm could be performed as in case of
unruptured aneurysm. Consequently, we could expose the
entire aneurysm with the parent artery, and exquisite clip ap-
plication can be performed in cases of complex aneurysms.

The use of combined surgical and endovascular treatment
of AVMs has been applied; however, most of the combined
procedures were usually performed in separate sessions. We
highlight the value of hybrid OR in allowing neurosurgeons to
treat ruptured AVMs effectively and safely with combined en-
dovascular and surgical techniques simultaneously in emer-
gency situations. In addition, hybrid OR offers intraoperative
angiography with 3DRA and CBCT, which further enhances
surgical results and patient safety during the procedure. Surgi-
cal outcomes were evaluated by intraoperative angiography
with 3DRA, and complete AVM removal could be achieved in
the same surgical session, if necessary.

Intraoperative aneurysm rupture during aneurysm surgery
is a critical event and can be potentially devastating™”. In par-
ticular, if an intraoperative aneurysm rupture occurs when an
aneurysm and surrounding arteries are not exposed, clipping
is not possible, and further dissection may be difficult. In a
hybrid OR, emergency coil embolization could be performed
by femoral puncture immediately after bleeding control via
vigorous suction and compression. This allowed further dis-
section to confirm the aneurysm and clipping if necessary. All
of the two patients described above showed good clinical out-
comes.

In a complicated IA thrombectomy case, hybrid OR allowed
immediate conversion to open surgery. Bleeding focus was
identified, and it was controlled using bipolar cautery. In ad-
dition, open thrombectomy and STA-MCA bypass were per-
formed for the occlusion segment of intracranial arteries.
Since the half-life of tPA is very short, surgical treatment can
be safely performed even after IV infusion of tPA. The poten-
tially hazardous situation could be overcome through an im-
mediate switch to another treatment strategy in hybrid OR,
and we could achieve relatively good outcomes in complicated

cases.
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CBCT is a technology that allows 3D image acquisition via
a C-arm fluoroscopy system, and it has good bone and soft
tissue resolution™*”. Fully equipped high-end DSA also pro-
vides a real-time 3D fluoroscopy guidance system for needle
interventions with dedicated planning software. This system
has been used in several areas where needle intervention is ap-
plied and proven to provide high accuracy despite the respira-
tion motion"”"*'”, We applied XperGuide system to ICH and
could achieve near-total removal of ICH without any proce-
dural complications. The brain was not interfered with the
respiration of the patient, allowing more precise targeting. Af-
ter the first aspiration, new targeting was possible reflecting
the changed intracranial structure via repeated CBCTs, and it
provides more precise therapeutic tools for ICH aspiration
compared with conventional neuronavigation systems. Aneu-
rysm-related ICHs inaccessible from the surgical field for clip-
ping could be removed without additional craniotomy via the
XperGuide system in a single-session procedure without any
additional imaging study for neuronavigation. Furthermore,
when navigation surgery is needed urgently without pre-oper-
ative images for registration, frameless stereotaxic surgery
could be provided in hybrid OR.

Hybrid OR would not provide a completely different treat-
ment strategy for the treatment of cerebrovascular disease.
Basically, using the advantages of surgical treatment and in-
tervention in one place, we could overcome limitations of each
treatment modality. Especially, hybrid OR could suggest new
strategies to cope flexibly with complex lesions or unexpected
situations. Hybrid OR could provide part of these feasible,
modified strategies, and we believe that it could contribute to
more precise and patient-safe alternatives using hybrid OR for

cerebrovascular disease.

Drawbacks of hybrid operating room

The hybrid OR fully equipped a high-end DSA system pro-
vides useful strategies to treat cerebrovascular disease; howev-
er, there are still some drawbacks to be overcome. In terms of
radiation dose for the surgeon, nurse, and anesthesiologist, it
must be monitored and shielded. Although recently intro-
duced radiation dose reduction fluoroscopic technology
showed a decrease in radiation dose to both patient and opera-
tor, lifetime radiation dose accumulation would be associated
with hazardous biologic effect. To minimize intraoperative

radiation dose, appropriate lead shields, such as lead aprons,
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lead goggles, and thyroid protectors, should be provided dur-
ing regular fluoroscopic procedures. In addition, all staff
should be out of OR during 3DRA or CBCT acquisition. Pa-
tient’s position is usually limited to basic position. Even
though newly designed hybrid operating table has been intro-
duced, range of table movement is also restricted"”. In case of
a posterior circulation lesion requiring surgical procedures
such as bypass, the patient’s position should be converted
from prone to supine after surgery to perform subsequent en-
dovascular procedures. During 3DRA or CBCT, the operative
table should be returned to neutral position. If additional sur-
gical procedure is needed, the patient’s position should be ap-
propriately re-set for surgery after 3DRA or CBCT. Sterility is
also a concern in hybrid OR. During intraoperative angiogra-
phy or combined surgical and endovascular procedures, sur-
gical field is usually remained open. Because C-arm is moved
around the opened surgical field, C-arm should be appropri-
ately covered using sterile covers. At the same time, the
opened surgical field also should be covered using sterile
drapes. To minimize contamination of surgical and endovas-
cular field during conversion to each procedure, cranial and
inguinal drape was prepared simultaneously before the proce-
dure. In our preliminary experience, no postoperative infec-
tions occurred. For neurointerventional use, the biplane angi-
ographic system still remains the gold standard. Therefore,
most scheduled neurointerventional procedures have been
performed in a biplane angiography suite. Finally, there must
be close cooperation between neurosurgeons, neurointerven-
tionists, anesthesiologists, and radiologic technologists, as well
as manager of the operating rooms and nurses. In particular,
interdisciplinary approaches and collaboration between physi-
cians performing open surgery and endovascular procedures

would provide better treatment strategies for patients.

Limitations

Aside from the general limitations of the retrospective, sin-
gle-center study, there is another limitation in this study. Due
to the small number of cases appertaining to each subcatego-
ry, comparison with the clinical outcomes obtained by con-
ventional strategies and hybrid procedures of each subcatego-
ry was not feasible. Thus, usefulness of hybrid procedure for
cerebrovascular diseases needs further confirmation in a large

prospective study.
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CONCLUSION

Hybrid OR with a fully equipped DSA system could provide
safe and precise treatment in the field of neurosurgery. A com-
bined endovascular and surgical approach performed in a hy-
brid OR would provide new strategies for complex cerebrovas-
cular diseases, which are more protected and simplified in
comparison with surgical or endovascular approach alone. In
complicated surgical or endovascular procedures, quick con-
version to backup surgery or endovascular procedure in hy-
brid OR could provide safety and overcome hazardous com-
plications. In addition, CBCT would be useful as a tool of
intraoperative CT and frameless stereotaxic surgery without

preoperative images.
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