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Abstract

Vertebrobasilar artery dissecting aneurysms (VBDAs) are the most surgically challenging type of aneurysm. Cerebral
revascularization is the ultimate treatment for complex VBDAs. We retrospectively analysed the characteristics, surgical
outcomes and follow-up data of 21 patients who underwent cerebral revascularization to treat complex VBDAs from
2015 to 2022. According to the location of the aneurysm and the anatomic relationship between the VBDA and the PICA,
VBDA patients were classified into four groups: aneurysms located at the VA with PICA involvement (10 patients),
aneurysms located at the VA without PICA involvement (1 patient), aneurysms located at the basilar apex segment (1
patient) and aneurysms located at the basilar trunk segment (9 patients). A surgical algorithm for complex VBDAs was
determined primarily by the location of the aneurysm, the status of the aneurysm and the ability of retrograde blood
flow to reach the proximal vertebrobasilar artery. Surgical modalities for patients with aneurysms in the VA with PICA
involvement included low-flow (OA-PICA) bypasses with aneurysm trapping, aneurysm excision or reconstructive clip in
8 patients and STA-PCA bypass combined with PICA preservation and aneurysm trapping in 2 patients. In patients with
aneurysms in the VA without PICA involvement, aneurysm excision was performed without cerebral bypass. In patients
with aneurysms in the basilar apex segment, high-flow bypass (ECA-RA-P2) with aneurysm trapping was performed.
In patients with aneurysms in the basilar trunk segment, surgical modalities included high-flow bypasses (ECA-RA-P2
and LVA-RA-P2) with aneurysm trapping or proximal occlusion in 6 patients, ECA-RA-P2 bypass with partial proximal
occlusion in 1 patient, ECA-RA-P2 bypass alone in 1 patient, and STA-PCA bypass with R-VA narrowing in 1 patient. Of
the 21 patients, 20 experienced clinical improvement or no change, and 17 of 21 patients achieved favourable functional
outcomes (mRS <2). However, one patient died of infarction and respiratory failure postoperatively. Aneurysms were
completely obliterated in 13 patients, shrank in 5 patients and stabilized in 2 patients. The median follow-up period was
32.5 months. During the follow-up period, all bypasses were patent, and further clinical improvement was observed in 11
patients. Cerebral revascularization appears to be safe and effective for the treatment of complex VBDAs, and cerebral
revascularization could act as a complementary treatment strategy.

Keywords Cerebral revascularization - Bypass - Vertebrobasilar artery - Dissecting aneurysm - Treatment - Surgical
algorithm

Introduction

Intracranial dissecting aneurysms (IDAs) are not rare,
especially in Eastern Asian populations, and constitute
approximately 2-3% of all intracranial aneurysms [1, 2].
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symptomatic VBDA consist of microsurgical clipping, flow
diversion, and endovascular parent artery occlusion [5].
Unfortunately, treating symptomatic complex vertebrobasi-
lar artery dissecting aneurysms via simple microsurgical
clipping or endovascular treatment is a significant challenge
due to the broad, complex anatomy and potentially fatal
complications of these aneurysms (e.g., infarction, haemor-
rhage, perforated artery occlusion and cranial nerve palsy)
[6]. Cerebral revascularization has been increasingly used
to treat complex aneurysms [7] and has shown encouraging
results in the treatment of posterior circulation dissecting
aneurysms [8, 9]. However, the safety and efficacy of cere-
bral revascularization for the treatment of vertebrobasilar
artery dissecting aneurysms, especially basilar artery (BA)
dissecting aneurysms and vertebral artery (VA) dissecting
aneurysms with posterior inferior cerebellar artery (PICA)
involvement, still need to be further evaluated. In this study,
we report the results of cerebral revascularization for treat-
ment of vertebrobasilar artery dissecting aneurysms and
describe a feasible surgical algorithm for vertebrobasilar
artery dissecting aneurysms.

Methods
Population and ethics

This retrospective review study was approved by the Insti-
tutional Ethics Committee of Tianjin Huan Hu Hospi-
tal. This study was a retrospective analysis of 21 patients
with VBDA who were treated at Tianjin Huan Hu Hospi-
tal from 2015 to 2022. All cerebral revascularizations were
performed by a senior neurosurgeon (XT). Patients were
divided into four groups according to the location of the dis-
secting aneurysm and the anatomic relationship between the
VBDA and PICA: VA with PICA involvement, VA without
PICA involvement, basilar apex segment and basilar trunk
segment.

Preoperative evaluation

Computed tomography angiography (CTA) or magnetic res-
onance angiography (MRA) with digital subtraction angiog-
raphy (DSA) were performed to confirm the size, shape and
parent vessel of the aneurysms. Patients managed with cere-
bral revascularization underwent computed tomography
perfusion (CTP) or magnetic resonance perfusion (MRP)
before surgery to unambiguously confirm blood flow reserve
and assess tolerance to ischaemia in combination with pre-
operative symptoms. Radial artery grafts (RAGs) using an
interposition graft were defined as high-flow bypasses, and
other bypasses (superficial temporal artery (STA)-posterior
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cerebral artery (PCA) and occipital artery (OA)-posterior
inferior cerebellar artery (PICA)) were defined as low-flow
bypasses.

Surgical algorithm for complex VBDA

The surgical algorithm for complex vertebrobasilar artery
dissecting aneurysms was determined primarily by the loca-
tion of the aneurysm, the status of the aneurysm and the
ability of retrograde blood flow to reach the proximal verte-
brobasilar artery. As previously reported [10—12], although
low-flow bypass never permanently results in low flow,
many surgeons prefer to use high-flow bypass to replace
blood flow in the region of collateral circulation, conduct
low-flow bypass for blood flow supplementation, and per-
form VA narrowing or partly proximal occlusion to reduce
blood flow into the parent artery. To reduce the risk of cere-
bral ischaemia after surgery, we preferred to use high-flow
bypass rather than low-flow bypass to replace blood flow
in the region of collateral circulation after proximal occlu-
sion in our centre because we found that low-flow bypass
was not as reliable as high-flow bypass due to the higher
incidence of postoperative ischaemia. As shown in Fig. 1,
for aneurysms located in the BA or dominant VA, high-flow
bypass was always performed to avoid ischaemic complica-
tions. For aneurysms located in the basilar apex segment,
high-flow bypass combined with aneurysm trapping was
performed if possible. If aneurysm trapping was impossible,
high-flow bypass combined with proximal occlusion was
performed. For aneurysms located in the basilar trunk seg-
ment, if intraoperative DSA revealed that the bypass graft
could provide retrograde blood flow to the proximal ver-
tebrobasilar artery, high-flow bypass combined with proxi-
mal occlusion was performed; otherwise, high-flow bypass
alone or combined with partial proximal occlusion/VA nar-
rowing was performed. DSA or CTA/MRA were performed
1 — 3 weeks after high-flow bypass alone and combined with
partial proximal occlusion/VA to evaluate changes in the
aneurysm. If the aneurysm disappeared or became smaller,
the treatment was considered successful. Otherwise, parent
artery occlusion was performed to reduce the blood flow
provided by the parent arteries. Moreover, if patients suf-
fered from ruptured aneurysms but aneurysm trapping was
not possible, reconstructive clips were used to shrink the
aneurysm or alter the haemodynamics of the ruptured aneu-
rysm, as this approach could stabilize the ruptured aneurysm
and reduce rebleeding. For aneurysms located in the VA
with PICA involvement, low-flow bypass was performed
to preserve the PICA, and aneurysms were trapped using
interposition flow bypass (at the dominant VA) or trapped
directly (at the nondominant VA). If aneurysm trapping
was impossible, proximal occlusion was performed, and
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Fig. 1 The algorithm of cerebral revascularization strategies for treat-
ing complex vertebrobasilar artery dissecting aneurysms. BA: basilar
artery; VA: vertebral artery; PICA: posterior inferior cerebellar artery;

the specific location of the proximal occlusion was deter-
mined by the anatomic relationship between the VBDA
and PICA. For aneurysms located in the VA without PICA
involvement, if the dissecting aneurysm was located in the
nondominant VA, aneurysm excision was performed with-
out cerebral bypass. If the dissecting aneurysm was located
in the dominant VA, interposition flow bypass or vascular
reconstruction of the VA was performed. Additionally, for
patients with a complex artery dissecting aneurysm located
in the BA or dominant VA but were unable or unwilling
to undergo high-flow bypass, if the CTP/MRP before sur-
gery unambiguously confirmed that the blood flow reserve
was good, a balloon occlusion test (BOT) was performed
during DSA to confirm the presence of the anterior com-
municating artery (AcomA) and posterior communicating
artery (PcomA). If the BOT did not induce any neurological
symptoms and indicated that both the anterior communicat-
ing artery and posterior communicating artery were present
and the compensatory capability of the anterior communi-
cating artery (AcomA) and posterior communicating artery
(PcomA) was good, low-flow bypass with proximal occlu-
sion or partial proximal occlusion was performed; these
patients were very likely to tolerate postoperative ischaemia
because the blood flow reserve and compensatory capabil-
ity of the collateral circulation were good. If the BOT was
positive, high-flow bypass or vertebral artery constriction
were performed. Notably, BOTs are not suitable for use in

OA: occipital artery. BA: basilar artery; STA: superficial temporal
artery; DSA: digital subtracted angiography

patients with ruptured aneurysms because they may increase
the risk of rebleeding.

Surgical procedure

For OA-PICA bypass, the diameter, flow velocity and trac-
ing of the occipital artery were identified via ultrasound. An
arc-shaped incision was made by a far-lateral approach up
to the superior nuchal line and down to the C2 level. Under
the microscope, the OA was separated carefully. To prevent
cerebral vasospasm, the separated OA was immersed in
papaverine heparin saline. After the occipital bone and arch
of the posterior atlas were revealed, the suboccipital triangle
was opened, and the arch of the posterior atlas on the opera-
tive side was removed to reveal the vertebral artery. Then,
an OA-PICA end-to-side anastomosis was performed. For
simple excision of a VA segment artery dissecting aneu-
rysm, the vertebral artery was revealed without separating
the OA, and the aneurysm was removed after the parent
artery was clipped. For STA-PCA bypass, a standard fron-
totemporal craniotomy with temporal extension was used.
The superficial temporal artery course was traced using a
Doppler flow detector, and the superficial temporal artery
was separated carefully under a microscope. After the cra-
niotomy flap was created, the temporal bone was moved
to the floor of the middle fossa. Then, the Sylvian fissure
was split and opened, and cerebrospinal fluid was released.
With minimal retraction of the temporal lobe, the PCA was
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revealed. Then, an STA-PCA end-to-side anastomosis was
performed. For external carotid artery (ECA)-radial artery
(RA)-P2 segment of the posterior cerebral artery (P2) high-
flow bypass, the RA was extracted as a graft, and the P2
segment of the PCA without perforator arteries were chosen
as the recipient vessel. The patency of the palmar arch was
assessed by DSA and the Allen test preoperatively. With the
help of a hand surgeon, a radial artery graft (RAG) with a
length of 20 cm was performed during craniotomy. More-
over, the extended middle cranial fossa approach was used
to expose the P2 segment of the PCA under general anaes-
thesia because the extended middle cranial fossa approach
provided adequate anterior, frontal, temporal, and posterior
surgical corridors. In detail, the patient was placed in the

Table 1 Characteristics of 21 patients with vertebrobasilar artery dis-
secting aneurysms (VBDAs)
Feature

Value
Median age in years (range) 47 (14-68)
Sex (no. [%]) -
Male 18 (86%)
Female 3(14%)
Presentation -

Brainstem/ Nerve compression 10
Ischemia 10
Hemorrhage 1
location
Basilar apex 1
Basilar trunk 9
VA (PICA Not- involved) 1
VA (PICA involved)
Feature of VBDAs
Dolichoectasia

)

Segmental dilatation
Fusiform dilatation
Giant aneurysm
Thrombosed
Recurrence

O B~ B 9

Treatment
< 1> High-flow bypass
©OECA-RA- P2 +Trapping
®ECA-RA- P2+ proximal occlusion
®LVA-RA-P2 + proximal occlusion
@ECA-RA-P2 + Partially proximal occlusion
®ECA-RA- P2 only
<2 > Low-flow bypass
®OA-PICA + Trapping/ Excision/ Reconstructive
clip
®STA-P2 combined STA-PICA + trapping 2
®STA-PCA + R-VA Narrowing 1
< 3> Excision directly 1
Postoperative change of VBDA -
Obliterated 13
Shrinking 5
Stabilization

00 — = o— BN Ot
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supine position, with the cheek bone at the highest point.
First, the carotid sheath was opened in the neck, and the
common carotid artery (CCA), internal carotid artery (ICA)
and ECA were exposed. Then, a curved head incision start-
ing approximately 1 cm anterior to the tragus and ending
at the contralateral hairline was made. The zygomatic bone
was transected, and the temporalis muscle was turned com-
pletely downwards. After a frontotemporal bone flap was
made, the bones of the sphenoid ridge, anterior clinoid
process and middle skull base were removed. If further
exposure was necessary, grinding Glasscock’s triangle and
Kawase’s triangle provided additional room for vascular
anastomosis [13]. After that, the dura was opened carefully,
and the P2 segment of the posterior cerebral artery was fully
exposed after the temporal lobe was retracted. The graft was
anastomosed to the ECA in an end-to-end fashion, and then
the graft crossed the graft channel and was anastomosed to
P2 in an end-to-side fashion. The sub-temporal approach
is a classic surgical approach for basilar artery aneurysms,
but we rarely use this approach for ECA-RA-P2 bypass
because it may cause damage to the temporal lobe due to
brain retraction [14].

Follow-up evaluation

A CT scan was performed on the first postoperative day to
check for intracranial haemorrhage or ischaemia, and CTA
or DSA was performed within 1 week postoperatively to
determine the patency of the graft and parent arteries and
clarify the changes in the VBDA. The mRS score was used
to evaluate functional outcome, and the mRS score was
recorded on the day before the operation and 48 h after the
operation. Outpatient follow-up angiography was conducted
with DSA or CTA. During the follow-up period, mRS
scores were collected to assess neurologic outcomes. The
mRS scores collected at the latest follow-up were defined as
the last mRS scores. A favourable functional outcome was
defined as a last mRS score <2, and a poor functional out-
come was defined as a last mRS score > 3.

Results
Patient and aneurysm characteristics

The characteristics of the 21 patients are shown in Table 1.
This study included 3 (14%) female and 18 (86%) male
patients with a median age of 47 years (range, 14—68 years).
In terms of the presentations of VBDA, 10 (47.6%) patients
had cerebral ischaemic syndrome, 10 (47.6%) patients had
brainstem/nerve compression, and 1 patient (4.8%) had a
subarachnoid haemorrhage (SAH). The aneurysms were
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located at the VA with PICA involvement in 10 patients, at
the VA without PICA involvement in 1 patient, at the basilar
apex segment in 1 patient and at the basilar trunk segment
in 9 patients. Dolichoectasia, segmental dilatation, fusiform
dilatation, giant aneurysm, thrombosis and recurrent aneu-
rysm were the common morphological characteristics. Of
the entire cohort, 9 patients underwent high-flow bypass, 11
patients underwent low-flow bypass, and 1 patient under-
went aneurysm excision without cerebral bypass.

Surgical characteristics of patients with complex
vertebrobasilar artery dissecting aneurysms

The detailed surgical characteristics of patients with VBDA
are shown in Tables 2 and 3. According to the location

of the VBDA and the anatomic relationship between the
VBDA and PICA, the patients were classified into the fol-
lowing groups: VA with PICA involvement, VA without
PICA involvement, basilar apex segment or basilar trunk
segment. Aneurysms were located at the VA with PICA
involvement in 10 patients, the VA without PICA involve-
ment in 1 patient, the basilar apex segment in 1 patient and
the basilar trunk segment in 9 patients. The surgical algo-
rithm for complex VBDA was determined primarily by the
location of the aneurysm, the status of the aneurysm and
the ability of retrograde blood flow to reach the proximal
vertebrobasilar artery. The surgical modalities for patients
with aneurysms in the VA with PICA involvement included
low-flow (OA-PICA) bypasses with aneurysm trapping,
excision or reconstructive clips in 8 patients and STA-PCA

Table 2 Surgical characteristics Location  Therapeutic Num- Postoperative Aneurysm Bypass No-dete- Favor-
and clinical outcome of patients strategies ber  complications  obliterated Patency rioration / able /
with complex vertebrobasilar (F) (Shrinking/ deterioration Poor
artery dissecting aneurysms Stabilization) Postoperative func-
tional
out-
come
VA (PICA Excision 1(1) None 1(0) - 1(0) 1/0
Not-
involved))
VA (PICA PICA 8(1) 2Pneumonia; 8(0) 8 8(0) 7/1
involved)) preservation 1Intracranial
(OA- infection
PICA)+ Trap-
ping/ Excision/
Reconstructive
clip
Low-flow 2(0) 1.CNII 2(0) 2 2(0) 2/0
bypass (STA- paralysis
PCA)+PICA
preservation
Basilar High-flow 1(0)  1Hydrocephalus; 1(0) 1 1/0 0/1
apex bypass (ECA- 1Pneumonia
RA-P2)+ Trap-
ping
Basilar High-flow 6(1)  1Respiratory 14) 5 3/3 4/2
trunk bypass (ECA/ failure;
LVA-RA- 2Infarction
P2)+ Proximal lIntracranial
occlusion infection;
6.Pneumonia
High-flow 1(0) 1 Pneumonia o(1) 1 1/0 0/1
BA: basilar artery; VA: vertebral bR}:)_a;;)(E%: rtly
artery; OA: occipital artery; Proximal
PICA: posterior inferior cer- occlusion
ebellar artery; PCA: posterior .
cerebral artery; STA: superficial High-flow 10)  None o) ! 10 170
. . bypass only
temporal artery; ECA: external (ECA- RA-P2)
carotid artery; RA: radial artery; )
P2: P2 segment of the poste- Low-flow 1(0)  1Pneumonia 0(1) 1 1/0 1/0
rior cerebral artery; LVA: left bypass (STA-
vertebral artery; F: female. “+: P2)+VA
combined Narrowing
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Table 3 (continued)

Case Sex/

No

fol-

Preop postop Last

mRs

score

Change of
VBDAs

Main complications

Parent artery

Strategies

Procedure

Char-

Presentation(Rupture) Location

low-
score up

mRs

mRs

score

acter of

age

VBDAs

(years)

time
18

Stabilization 4

Pneumonia

Partially Proximal
occlusion (L-VA)

Bypass only
R-VA

ECA- RA- P2 Partially

pro(L-VA)

Basilar trunk D. R

Compression(N)

M/63

19

15
71

3
3

Shrinking

None

ECA-RA- P2

D
D

Basilar trunk
Basilar trunk

M/44  Ischemia(N)
Ischemia(N)

20
21

Shrinking

Pneumonia

STA-PCA+R-VA

M/52

Narrowing—R-VA

occlusion

Narrowing—R-VA

occlusion

D: Dolichoectasia; Sd: Segmental dilatation; F: Fusiform dilatation; G: Giant aneurysm; T: Thrombus; R: Recurrence; mRS : modified Rankin Scale; BA: basilar artery; VA: vertebral artery;

OA: occipital artery; PICA: posterior inferior cerebellar artery; PCA: posterior cerebral artery; STA: superficial temporal artery; ECA: external carotid artery; RA: radial artery; P2: P2 seg-

ment of the posterior cerebral artery; LVA: left vertebral artery; F: female. Pro: Proximal occlusion

bypasses with PICA preservation and aneurysm trapping in
2 patients. In the patient with an aneurysm in the VA with-
out PICA involvement, aneurysm excision was performed
without cerebral bypass. In the patient with an aneurysm
in the basilar apex segment, high-flow bypass (ECA-RA-
P2) with aneurysm trapping was performed. In patients with
aneurysms in the basilar trunk segment, surgical modali-
ties included high-flow bypasses (ECA-RA-P2 and LVA-
RA-P2) with aneurysm trapping or proximal occlusion in
6 patients, ECA-RA-P2 bypass with partial proximal occlu-
sion in 1 patient, ECA-RA-P2 bypass alone in 1 patient, and
STA-PCA bypass with R-VA narrowing in 1 patient.

Clinical outcomes and follow-up

As shown in Tables 2 and 3, mRS scores were collected on
the day before the operation, 48 h after the operation and at
the last follow-up. The median preoperative, postoperative
and last mRS scores were 3 (range, 2-5), 2 (range, 1-6) and
2 (range, 0-6), respectively. Compared with the preopera-
tive mRS scores, the last mRS scores decreased or remained
unchanged in 20 of 21 patients but increased in 1 patient
(Patient 16 in Table 3) due to postoperative complications.
Of the 21 patients, 18 experienced postoperative clinical
improvement or no change, but conditions worsened in 3
patients due to cerebral infarction or other complications.
During the follow-up period, further clinical improvement
was observed in most patients. Finally, at the last follow-up,
20 of the 21 patients had experienced clinical improvement
or no change, and 17 of the 21 patients achieved favour-
able functional outcomes (mRS < 2). Infarction, pneumonia,
neuroparalysis, hydrocephalus and intracranial infection
were the main postoperative complications. Specifically,
two patients suffered from infarction (Patients 14 and 16
in Table 3), and one patient (Patient 16) died of infarction
and respiratory failure. One patient suffered from CNIII
paralysis (Patient 10 in Table 3) and one from hydrocepha-
lus (Patient 12 in Table 3). Moreover, intracranial infection
occurred in 2 patients (Patients 5 and 17 in Table 3), and
pneumonia occurred in 11 patients. Postoperative DSA or
CTA (performed within 1 week after all surgeries, such as
bypass, endovascular proximal occlusion and VA narrow-
ing) indicated that the aneurysms were completely obliter-
ated in 13 patients, shrank in 5 patients and stabilized in 2
patients. The median follow-up period for the 20 remaining
patients was 32.5 months (range, 12—75 months). All cere-
bral bypasses were patent, and no new deaths were reported
during the follow-up period; further clinical improvement
was observed in 11 patients.

In brief, high-flow bypasses with proximal occlusion in
the basilar trunk segment were associated with more serious
complications. For cerebral revascularization for complex
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VBDA, postoperative infarction could lead to death, and
pneumonia was the most common complication. Further-
more, the prognosis of most patients improved with addi-
tional treatment during the follow-up period.

Representative cases
Patient 1

Therapeutic strategy for a dissecting aneurysm in the VA
without PICA involvement: Aneurysm excision (Patient
1 in Table 3). A 14-year-old female presented with head-
ache. Preoperative DSA and CTA revealed a giant dissect-
ing aneurysm located at L-V4 without PICA involvement
(Fig. 2A-D). An arc-shaped incision was made by a far-lat-
eral approach, and the dissecting aneurysm was exposed and
trapped by aneurysm clips (Fig. 2E-H). Then, the dissect-
ing aneurysm was removed (Fig. 3I). DSA was performed
immediately after surgery and showed that the aneurysm
was obliterated, and the R-VA, BA and other important
perforating branches were stable (Fig. 2J-L). No further
neurological deficits were detected after the aneurysm was

Fig. 2 Representative case with therapeutic strategy for a dissecting
aneurysm in the VA without PICA involvement: aneurysm excision
was performed without cerebral bypass. A-D DSA and CTA revealed
a giant dissecting aneurysm located at L-V4 without PICA involve-
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removed. Outpatient follow-up indicated that the patient
achieved a favourable functional outcome (mRS score of 0).

Patient 2

Therapeutic strategy for a dissecting aneurysm in the VA
with PICA involvement: Low-flow bypass with aneurysm
trapping (Patient 2 in Table 3). A 31-year-old man pre-
sented with hemianaesthesia. Preoperative DSA revealed
a dissecting aneurysm located in the R-VA with involve-
ment, and an obstruction was found at the distal end of the
R-VA (Fig. 3A-C). An arc-shaped incision was made via a
far-lateral approach (Fig. 3D). The OA was separated, the
PICA was exposed (Fig. 3E-F), and OA-PICA bypass was
performed (Fig. 3G-H). The aim of this direct anastomo-
sis surgery was to preserve PICA flow. Then, the dissecting
aneurysm was trapped by aneurysm clips (Fig. 3I). Post-
operative DSA was performed immediately, and CTA was
performed within 1 week after surgery. The results showed
that the aneurysm was obliterated, and the bypass graft was
patent (Fig. 3J-M). No further neurological deficits were
detected after surgery. At discharge, the patient achieved
clinical improvement.

C

ment. E An arc-shaped incision was made by a far-lateral approach. F
Aneurysm was exposed. G-I Aneurysm was removed. J-L Postopera-
tive DSA showed the aneurysm was obliterated and R-VA was stable
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OA-PICA anastomosis

Fig. 3 Representative case with therapeutic strategy for a dissect-
ing aneurysm in the VA with PICA involvement: Low-flow bypass
with aneurysm trapping. A-C Preoperative DSA and CTA revealed
a dissecting aneurysm located in the R-VA with PICA involvement
and distal end of R-VA was occluded. D An arc-shaped incision was

Patient 3

Therapeutic strategy for a dissecting aneurysm in the basilar
apex segment: High-flow bypass with aneurysm trapping
(Patient 12 in Table 3). A critically ill female (58 years old,
with a preoperative mRS score of 5) presented with sudden
consciousness disturbance and was subsequently transferred
to our hospital. CT showed a diffuse SAH, and preoperative
DSA and CTA revealed a dissecting aneurysm located in the
basilar apex segment (Fig. 4A-D). The radial artery (RA)
was removed and used as an interposition graft (Fig. 4F). An
extended middle cranial fossa approach was used, and ECA-
RA-P2 bypass was performed to provide blood flow in the
distal region. Then, the dissecting aneurysm was trapped by
aneurysm clips. Postoperative DSA was performed immedi-
ately, and CTA was performed within 1 week after surgery.
The results showed that the aneurysm was obliterated, the
bypass graft was patent, and important perforating branches
were sustained (Fig. 4G-K). Compared with the preoperative
MRP (C), the postoperative MRP (L) indicated that cerebral
ischaemia was not obviously aggravated after surgery. The
patient suffered from hydrocephalus postoperatively, which
was treated with cerebrospinal fluid diversion. The patient
achieved clinical improvement, but she still suffered from
a poor functional outcome (mRS =4) at discharge. During

made. E OA was separated. F PICA was exposed. G OA-PICA bypass
anastomosis was performed. H Angiography with fluorescein sodium
showed the bypass graft was patent. I Aneurysm was trapped. J-M
Postoperative DSA and CTA showed the aneurysm was obliterated and
bypass graft was patent

follow-up rehabilitation, the patient achieved further clini-
cal improvement, and the last mRS score was 3.

Patient 4

Therapeutic strategy for a dissecting aneurysm in the basi-
lar trunk segment: High-flow bypass with proximal occlu-
sion (Patient 18 in Table 3). A 47-year-old female presented
with limb weakness. Preoperative DSA and CTA revealed
a dolichoectasia dissecting aneurysm located in the basi-
lar trunk segment (Fig. 5SA-D). The extended middle cra-
nial fossa approach was used, and ECA-RA-P2 bypass was
performed during the first procedure (Fig. SF-J). DSA was
performed immediately after ECA-RA-P2 bypass, and CTA
was performed within 1 week. DSA and CTA after cerebral
bypass showed that the bypass graft was patent, and the VA,
BA and other important perforating branches were stable
(Fig. SK-M). Compared with the preoperative MRP, the
MRP (N) after cerebral bypass indicated that cerebral isch-
aemia was alleviated after surgery. One week after the first
operation (ECA-RA-P2 bypass), endovascular proximal
occlusion of the bilateral vertebral arteries was performed
during a second operation. MRP (R) after the second opera-
tion indicated that proximal occlusion of the bilateral verte-
bral arteries did not obviously aggravate cerebral ischaemia.
DSA and CTA were performed after the second operation.
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Fig. 4 Representative case with therapeutic strategy for a dissecting
aneurysm in the basilar apex segment: High-flow bypass with aneu-
rysm trapping. A-D Pre-radiotherapy showed a dissecting aneurysm
located in the basilar apex segment. E Preoperative MRP indicated that

The results showed that bilateral vertebral arteries were
occluded, and the graft was patent (O-Q). No further neuro-
logical deficits were detected after surgery. At discharge, the
patient’s mRS score was 3. Fortunately, the patient achieved
a favourable functional outcome (mRS=2) during follow-
up care and treatment.

Patient 5

Therapeutic strategy for a dissecting aneurysm in the basi-
lar trunk segment: High-flow bypass with partial proximal
occlusion (Patient 19 in Table 3). A 63-year-old man suffered
from a recurrent dissecting aneurysm after interventional
embolization (Fig. 6A-B) and presented with limb weak-
ness and intermittent respiratory dysfunction. An extended
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adequate perfusion could be found. F Radial artery was exposed and
removed. G-K Postoperative DSA and CTA showed the aneurysm was
obliterated and bypass graft was patent. L Postoperative MRP showed
that adequate perfusion could be found

middle cranial fossa approach was used, and ECA-RA-P2
bypass was performed during the first procedure.

Because intraoperative DSA indicated that the bypass
graft could not provide sufficient retrograde blood to the
proximal BA/VA, proximal occlusion was not performed
during the first procedure. DSA was performed immediately
after the first procedure, and CTA was performed within 1
week. DSA and CTA after the first procedure showed that the
bypass graft was patent, and the VA, BA and other important
perforating branches were stable (Fig. 6D-G). Because the
bypass graft could not provide sufficient retrograde blood
to the proximal BA/VA, four weeks after the first operation
(ECA-RA-P2 bypass), partial proximal occlusion (endovas-
cular proximal occlusion of the L-VA) was performed dur-
ing the second operation to minimize antegrade flow to the
aneurysm. The reason that only partial proximal occlusion
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Fig. 5 Representative case with Therapeutic strategy for a dissecting
aneurysm in the basilar trunk segment: High-flow bypass with proximal
occlusion. A-D Pre-radiotherapy revealed a dolichoectasia dissecting
aneurysm located in the basilar trunk segment. E Preoperative MRP
indicated that inadequate perfusion in the posterior circulation region.
F The extended middle cranial fossa approach was used. G Aneurysm
was exposed. H-I ECARA- P2 bypass was performed. J Angiogra-

was performed during the second surgery was that we were
worried about a fatal infarction after complete proximal
occlusion. Fortunately, DSA and CTA after the second oper-
ation showed that the aneurysm stabilizing after the par-
tial proximal occlusion, so further endovascular proximal
occlusion of the R-V A was performed.

As shown in Fig. 6I-L, the L-VA was occluded, and the
bypass graft was patent. Compared with the preoperative
MREP (Fig. 6C), the postoperative MRP indicated that cere-
bral bypass (Fig. 6H) and proximal occlusion of the L-VA
(Fig. 6M) did not obviously aggravate cerebral ischaemia.
The patient achieved clinical improvement, but he still suf-
fered from a poor functional outcome (mRS score of 3).
Unfortunately, the patient did not experience further clinical

phy with fluorescein sodium showed the bypass graft was patent. K-M
DSA and CTA after cerebral bypass showed that the bypass graft was
patent. N MRP after cerebral bypass indicated that cerebral ischaemia
was alleviated. O-P Bilateral vertebral arteries were occluded during a
second operation. Q Postoperative DSA showed the graft was patent.
R MRP after the second operation indicated not obviously aggravate
cerebral ischaemia could be found

improvement at the follow-up rehabilitation, and the last
mRS score was 3.

Patient 6

Therapeutic strategy for a dissecting aneurysm in the basi-
lar trunk segment: High-flow bypass only (Patient 20 in
Table 3). A 44-year-old man presented with headache and
vomiting. DSA and CTA revealed a dolichoectasia dissect-
ing aneurysm located in the basilar trunk segment (Fig. 7A-
C). Because intraoperative DSA indicated that a bypass graft
could not provide retrograde blood to the proximal BA/VA,
the patient underwent ECA-RA-P2 bypass alone via the
extended middle cranial fossa approach (Fig. 7E-I). Post-
operative CTA was performed on the 3rd day after surgery
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Fig. 6 Representative case with therapeutic strategy for a dissecting
aneurysm in the basilar trunk segment: High-flow bypass with partial
proximal occlusion. A-B Pre-radiotherapy revealed a recurrent dis-
secting aneurysm located in the basilar trunk segment. C Preopera-
tive MRP indicated that inadequate perfusion in the posterior circu-

and showed that the bypass graft was patent (Fig. 7J). One
month later, DSA was performed to confirm the changes in
the VBDA. DSA revealed that the aneurysm was shrinking
(Fig. 7M), which indicated successful treatment, and further
partial or complete proximal occlusion was not necessary.
If the aneurysm had increased in size, partial or complete
proximal occlusion would be attempted. In clinical prac-
tice, we found that high-flow bypass alone could treat only
some aneurysms successfully. As reported [15, 16], high-
flow bypass could augment the reverse flow of the bypass
graft with the antegrade flow of the vertebrobasilar artery
system, altering intra-aneurysmal haemodynamics and pro-
moting therapeutic intra-aneurysmal thrombosis. Compared
with the preoperative MRP (D), the MRP (N) after bypass
indicated that cerebral ischaemia was obviously aggravated
after surgery. No further neurological deficits were detected
after surgery. The patient achieved a favourable functional
outcome (mRS score of 1).

Patient 7

Therapeutic strategy for a dissecting aneurysm in the basi-
lar trunk segment: Low-flow bypass with partial proximal
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lation region. D-G DSA and CTA after cerebral bypass showed that
the bypass graft was patent. H MRP after cerebral bypass indicated
that cerebral ischaemia was not deteriorating. I-L. L-VA was occluded,
and the bypass graft was patent. M MRP after the second operation
indicated not obviously aggravate cerebral ischaemia could be found

occlusion (Patient 21 in Table 3). A 52-year-old man pre-
sented with dizziness. Preoperative DSA and CTA revealed
a dolichoectasia dissecting aneurysm located in the basilar
trunk segment (Fig. 8A-D). DSA indicated that the BOT
was negative, both the AcomA and PcomA were present,
and CTP/MRP before surgery unambiguously confirmed
that the blood flow reserve was good. We have found that
low-flow bypass is simpler and quicker than high-flow
bypass is, and we wanted to try using low-flow bypass to
treat complex postcirculation aneurysms, although low-flow
bypass is believed to be less reliable than high-flow bypass
at replacing blood flow in the region of the collateral circula-
tion. In this patient, a combined surgical approach was used.
Low-flow bypass (STA-PCA) was performed for blood flow
supplementation, while partial proximal occlusion (R-VA
narrowing) was conducted to reduce blood flow into the
parent artery and avoid postoperative cerebral infarction.
STA-PCA bypass was chosen for the following reasons:
if low-flow bypass (STA-PCA) could not provide enough
blood flow in the region of the collateral circulation, STA-
PCA bypass could easily be changed to a high-flow bypass
(RA-PCA). CTA was performed on the 2nd day after the
first operation and showed that the bypass graft was patent



Neurosurgical Review

Page 13 0f 17 138

Fig. 7 Representative case with therapeutic strategy for a dissecting
aneurysm in the basilar trunk segment: High-flow bypass only. A-C
Pre-radiotherapy revealed a recurrent dissecting aneurysm located in
the basilar trunk segment. D Preoperative MRP indicated that inad-
equate perfusion in the posterior circulation region. E-F ECA-RAG

and that the R-VA was narrowed (Fig. 8G-I). Four weeks
later, DSA was performed to confirm the changes in the
VBDA. DSA did not reveal that the aneurysm was shrink-
ing (Fig. 8F); thus, further endovascular proximal occlusion
of the R-VA was performed to reduce blood flow into the
parent artery, and the L-VA was preserved to avoid post-
operative infarction. DSA after the second surgery showed
that the bypass graft was patent and that the aneurysm was
shrinking (Fig. 8K-N). Compared with the preoperative
MRP (E), the MRP after the first surgery (J) and second sur-
gery (O) indicated that bypass and proximal occlusion of
the R-VA did not obviously aggravate cerebral ischaemia.
No further neurological deficits were detected after surgery.
During follow-up care and treatment, the patient achieved a
favourable functional outcome.

anastomosis was performed. G The conduit for RAG was made. H-I
RAG-P2 anastomosis was performed. J-K Postoperative DSA and
CTA showed that the bypass graft was patent. L-M Postoperative DSA
showed that the aneurysm was shrinking. N Postoperative MRP indi-
cated that cerebral ischaemia was alleviated

Discussion

There are currently no widely accepted guidelines or explicit
medical evidence for decision-making in the treatment of
complex vertebrobasilar artery dissecting aneurysms [17].
The location and morphology of dissecting aneurysms, sur-
rounding structures, patient age, neurological condition,
surgeon’s personal preference, etc., may impact therapeutic
decisions [18, 19]. In theory, ideal therapeutic strategies for
vertebrobasilar artery dissecting aneurysms should include
complete occlusion of the aneurysm and maintenance of
sufficient blood flow to the vertebrobasilar artery and impor-
tant perforating branches; in particular, preservation of the
PICA could be considered if the PICA is involved [20].
However, occlusion of the BA or dominant VA may lead
to distal ischaemia [21], and revascularization of the brain-
stem makes these procedures further formidable challenges.
Thus, an appropriate therapeutic strategy is key in treating
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Fig. 8 Representative case with therapeutic strategy for a dissecting
aneurysm in the basilar trunk segment: Low-flow bypass with partial
proximal occlusion. A-D Preoperative DSA and CTA revealed a doli-
choectasia dissecting aneurysm located in the basilar trunk segment. E
Preoperative MRP indicated that inadequate perfusion in the posterior
circulation region. F-I STA-PCA bypass and R-VA narrowing were

VBDA. Anatomically, the vertebrobasilar artery can be sub-
divided into three arbitrary segments: the vertebral artery
(VA), basilar trunk segment and basilar apex segment. The
vertebral artery (VA) is adjacent to the PICA, the basilar
trunk segment is adjacent to the anterior inferior cerebellar
artery (AICA), and the basilar apex segment is adjacent to
the superior cerebellar artery (SCA) and PCA [22, 23]. The
perfusion of these important perforating branches should be
maintained. Due to the diversity of anatomic and haemo-
dynamic differences in the vertebrobasilar artery, a uniform
treatment strategy cannot be applied for all dissecting aneu-
rysms in the vertebrobasilar artery. Thus, we recommend
multiple surgical strategies that depend on the location of
the aneurysm: the VA with PICA involvement, the VA with-
out PICA involvement, the basilar apex segment and the
basilar trunk segment.

In the basilar apex segment, high-flow bypass with
aneurysm trapping was performed in one patient. The dis-
secting aneurysm is isolated by trapping, and blood flow in
the superior cerebellar artery (SCA) or posterior cerebral
artery (PCA) is replaced by high-flow bypass grafts [24]. If
the dissecting aneurysm cannot be trapped, proximal occlu-
sion is performed. Proximal occlusion can reduce blood
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performed. J MRP after the first operation and showed that cerebral
ischaemia was alleviated. K-M R-VA was occluded. N Postoperative
DSA showed that the bypass graft was patent. O MRP after the second
operation indicated not obviously aggravate cerebral ischaemia could
be found

flow into the aneurysm, and elimination of the flow jet
effect into the lumen of the aneurysm could facilitate com-
plete thrombosis of the aneurysm or thrombosis with a small
stable neck, which could obliterate or shrink the aneurysm
[25, 26].

In the basilar trunk segment, high-flow bypass with
aneurysm trapping/proximal occlusion, high-flow bypass
with partial proximal occlusion, or high-flow bypass alone
were conducted in our study. In theory, high-flow bypass
grafts can provide retrograde blood flow to the proximal
vertebrobasilar artery, which could prevent ischaemic com-
plications caused by proximal vertebrobasilar occlusion
[27, 28]. However, not all high-flow bypass grafts can pro-
vide retrograde blood flow to the proximal vertebrobasilar
artery [29]. If a bypass graft alone can provide sufficient
retrograde blood flow, high-flow bypass combined with
aneurysm trapping or proximal occlusion is performed, and
there are no concerns about postoperative cerebral isch-
aemia. Conversely, if the bypass graft cannot provide ret-
rograde blood flow into the proximal vertebrobasilar artery,
high-flow bypass alone or with partial proximal occlusion
is performed to avoid the ischaemic complications caused
by direct proximal occlusion. According to previous reports
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[16, 30], high-flow bypass can reduce antegrade blood flow
to the aneurysm, which promotes thrombosis within the
aneurysm and reduced pressure and wall shear stress in the
aneurysm, and an approximately 40—-70% reduction in pres-
sure and wall shear stress occurs postoperatively. Further-
more, in addition to replacing blood flow in the region of the
collateral circulation, high-flow bypass can provide retro-
grade blood flow to counteract the antegrade flow from the
parent artery, which could also promote thrombosis within
the aneurysm [31]. Additionally, low-flow bypass can be
attempted in certain patients with good compensatory cere-
bral blood flow (BOT is negative). However, there is a con-
cern that BOT may increase the risk of cerebral infarction
and cause rebleeding in ruptured aneurysms. Furthermore,
low-flow bypass may not provide sufficient supplemental
blood flow, which may lead to fatal cerebral infarction.

In the VA segment, according to the anatomic relation-
ship between the dissecting aneurysm and the PICA, ancu-
rysms are divided into VA with PICA involvement and VA
without PICA involvement. In addition to achieving com-
plete occlusion of the aneurysm, preserving the PICA is also
important. Occlusion of the PICA may cause ischaemia in
the cerebellar and lateral parts of the medulla oblongata,
causing Wallenberg syndrome [32]. The assessment of
blood supply in the parent VA and contralateral VA is neces-
sary. Theoretically, if dissecting aneurysms are located in
the nondominant VA and the PICA is not involved, ancu-
rysm excision can be performed without cerebral bypass
because the flow in the contralateral VA is sufficient [33].
However, if dissecting aneurysms are located in the domi-
nant VA, occlusion of the vertebral artery without interposi-
tional flow bypass or vascular reconstruction of the VA will
increase the risk of postoperative cerebral infarction since
the flow through the contralateral VA is likely insufficient
[34, 35]. Interposing a superficial temporal artery, occipital
artery, saphenous vein graft or radial artery graft could be
used for blood flow supplementation. For aneurysms with
PICA involvement, we prefer OA-PICA bypass to preserve
the PICA because this technique provides a wide surgical
field and short surgical corridor, which increases the conve-
nience and speed of the operation.

In brief, cerebral revascularization appears to be safe and
effective for the treatment of complex vertebrobasilar artery
dissecting aneurysms. However, cerebral revascularization
is utilized mainly for complicated cases and often requires a
high surgical skill level and more detailed evaluation before
surgery; therefore, cerebral revascularization is not suitable
for every patient. We believe that cerebral revascularization
could complement treatment for vertebrobasilar artery dis-
secting aneurysms.

Limitations

The study is a retrospective study and date is collected from
a single-center. Moreover, twenty-one cases are too small a
number to run meaningful statistical tests. Finally, micro-
surgical clipping, flow diverter, endovascular parent artery
occlusion and other therapeutic methods do not show or dis-
cuss in detail in this article.

Conclusions

Cerebral revascularization appears to be safe and effective
for the treatment of complex VBDA, and cerebral revascu-
larization could act as a complementary treatment strategy
for complex VBDAs.
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