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BACKGROUND Trapping an aneurysm after the establishment of an extracranial to intracranial high-flow bypass is considered the optimal surgical
strategy for ruptured blood blister-like aneurysms (BBAs) of the internal carotid artery (ICA). For high-flow bypass surgeries, a radial artery graft is
generally preferred over a saphenous vein graft (SVG). However, SVGs can be advantageous in acute-phase surgeries because of their greater
length, easy manipulability, ability to act as high-flow conduits, and reduced risk of vasospasms. In this study, the authors presented five cases of
ruptured BBAs treated with high-flow bypass using an SVG followed by BBA trapping, and they reported on surgical outcomes and operative nuances

that may help avoid potential pitfalls.

OBSERVATIONS After the surgeries, there were no ischemic or hemorrhagic complications, including symptomatic vasospasms. In three of the five
cases, postoperative modified Rankin scale scores were between 0 and 2 at the 3-month follow-up. In one case, the SVG spontaneously occluded
after surgery while the protective superficial temporal artery (STA) to middle cerebral artery (MCA) bypass became dominant, and the patient

experienced no ischemic symptoms.

LESSONS High-flow bypass using an SVG with a protective STA-MCA bypass followed by BBA trapping is a safe and effective treatment strategy.

https://thejns.org/doi/abs/10.3171/CASE21439
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Blood blister-like aneurysms (BBAs) usually occur in the supra-
clinoid internal carotid artery (ICA). The walls of these aneurysms
are fragile because of adventitia, fibrous tissue composition, lack of
internal elastic lamina, and media layers." These pathological
aspects render trapping of these aneurysms, after establishment of
an extracranial to intracranial high-flow bypass, the optimal strategy
for ruptured BBAs.? The saccular type can be treated by direct clip-
ping or coil embolization, whereas the blister type requires clipping
on the wrapping material. Recently, with the development of endo-
vascular surgery, reconstructive endovascular treatments are the
preferred treatments,®* and a flow diverter stent is starting to be
used.® The flow diverter stent carries a higher complication rate in
the acute rupture setting than in cases of unruptured aneurysms.

Double antiplatelet treatment still remains challenging, especially in
ruptured aneurysms.® Some cases cannot be treated by endovas-
cular treatment because of access problems or contrast allergy.
Therefore, direct surgery is a reliable alternative treatment. Radial
artery grafts (RAGs) are commonly used for high-flow bypass surger-
ies because of their valve-free structure and ease of anastomosis to
the intracranial artery. Conversely, saphenous vein grafts (SVGs) are
generally not preferred over RAGs. However, SVGs have distinct
advantages, including their length, easy manipulability, ability to act
as high-flow conduits, and reduced risk of vasospasms,®” which may
provide more versatility for acute phase surgeries involving inade-
quate opportunities for examination. To date, few case reports on
high-flow bypasses using SVGs for ruptured BBAs are available, and

ABBREVIATIONS 3D = three dimensional; BBA = blood blister-like aneurysm; CT = computed tomography; ICA = internal carotid artery; MCA = middle cerebral
artery; MRA = magnetic resonance angiography; mRS = modified Rankin scale; PCOM = posterior communicating; RAG = radial artery graft; SAH = subarachnoid
hemorrhage; STA = superficial temporal artery; SVG = saphenous vein graft; WFNS = World Federation of Neurosurgical Societies.
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the surgical outcomes are not well known. Here, we present a case
series of patients with ruptured BBAs who were preferentially treated
by high-flow bypass using an SVG and BBA trapping and report the
operative nuances undertaken to avoid potential pitfalls.

Study Description

Study Cohort

Five consecutive patients with subarachnoid hemorrhage (SAH)
due to ruptured BBAs were retrospectively identified between January
2016 and December 2019. All BBAs were preoperatively diagnosed
according to three-dimensional (3D) computed tomography (CT) angi-
ography or digital subtraction angiography images. In all cases, BBA
trapping was performed after high-flow bypass using an SVG that
anastomosed the external carotid artery (ECA) to the middle cerebral
artery (MCA).2 Before anastomosing a high-flow bypass, superficial
temporal artery (STA) to MCA single/double-barrel bypass was per-
formed to ensure distal blood flow while facilitating the high-flow
bypass.

Surgical Procedure

After exposing the cervical common carotid artery, ECA, and ICA, a
curved skin incision was made over the parietal branch of the STA, and
the frontal branch of the STA was dissected for the double bypass
(Fig. 1A and B). The artificial vessel (GORE-TEX, 5-6 mm) was passed
through the deep temporal muscle, zygomatic arch, and digastric muscle
to introduce the SVG (Fig. 1C). The M2 segment of the MCA was identi-
fied as the recipient of the high-flow bypass. The harvested side of the
SVG was selected according to the vessel size evident on the preopera-
tive nonenhanced 3D CT venography image and harvested from the
ankle to the knee (Fig. 1D). Branches of the saphenous vein were ligated
with 3-0 silk threads. After harvesting the SVG, venous valves near the
cut end were removed (Fig. 1E). SVGs have venous valves with an aver-
age interval distance of 5.1 cm.® The valves near the anastomotic orifice
may cause thrombotic occlusion. Therefore, after harvesting the SVG,
we checked the proximal and distal cut ends and performed a valvotomy

i

if there was a venous valve within 10 mm of the cut end. In addition, the
SVGs were used in a reversed position to allow unrestricted blood to flow
via the venous valves. The graft was irrigated and filled with heparinized
saline from the distal side (Fig. 1F). The SVG was then passed through
an artificial blood vessel to prevent twisting and bending (Fig. 1G and H).
SVGs are generally less resistant to kinking and torsion than arterial
grafts. Therefore, we routinely place an artificial vessel under the digastric
muscle and through the bottom of the zygomatic arch to create a subcu-
taneous tunnel for introducing the SVG. The artificial vessel can prevent
kinking and torsion of the SVG during subcutaneous penetration.

Before anastomosing the SVG, a protective STA-MCA bypass was
performed on the cortical artery on the distal side of the SVG recipient
artery. When constructing a double bypass, a second anastomosis was
performed on a different cortical artery branching from the M2, separate
from the SVG recipient artery. Subsequently, the SVG was anastomosed
to the M2 segment of the MCA using an intermittent suture containing 8-
0 monofilaments. All intracranial bypasses were performed using silicone
stents.” The M2 segment is deeper and narrower than the M3—4 seg-
ment; therefore, a good operative field should be prepared before per-
forming the anastomosis. We created a wide field and laid a rubber
sheet under the recipient artery for repositioning. We inserted a colored
flexible cylindrical silicone rubber stent (300-400 pm in diameter,
3-4 mm in length) into the recipient arteries during the anastomosis.
This insertion helped confirm the ostium of the transparent thin-walled
recipient arteries and allowed for a more precise anastomosis. The rub-
ber stent was removed after all sutures were placed.

The cervical side was then anastomosed to the ECA. Both high-
flow and STA-MCA bypass patency were confirmed using indocya-
nine green angiography and Doppler ultrasonography.

Finally, we confirmed the BBA and trapped the ICA while preserv-
ing the flow of the posterior communicating (PCOM) and anterior
choroidal artery. The proximal ICA was ligated onto the ophthalmic
segment of the intracranial ICA. We did not use intraoperative sys-
temic heparinization or preoperative antiplatelet therapy for cases
of SAH.

FIG. 1. A: The straight skin incision exposing the cervical carotid arteries. B: The curved skin incision over
the parietal branch of the STA. C: The intraoperative view of the artificial vessel (arrowhead) passing under
the deep temporal muscle, zygomatic arch, and digastric muscle to allow for the introduction of the SVG.

D: The skin incision for harvest of the SVG. E: Venous valves near the cut end were removed. F: The graft
was irrigated and filled with heparinized saline from the distal side. The SVG was passed through the artificial

blood vessel (G, cranial side; H, cervical side).
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Outcomes

Immediate morbidity, surgical complications, and postoperative out-
comes were periodically assessed by neurosurgeons during the periop-
erative period. Postoperative ischemic or hemorrhagic complications
were evaluated in all cases. The outcomes were classified according to
the modified Rankin scale (mRS). Postoperative patency of both the
high-flow and the STA-MCA bypass was assessed using time-of-flight
magnetic resonance angiography (MRA), 3D CT angiography, or digital
subtraction angiography within 7 days after surgery. The long-term
patency of the bypass was evaluated 1 year after surgery.

lllustrative Cases
Case 1

A 47-year-old woman experienced a sudden onset of headaches
and subsequently lapsed into a stupor. An initial head CT revealed
a difuse SAH with a World Federation of Neurosurgical Societies
(WENS) grade 3; 3D CT angiography showed a BBA located on the
posterior wall of the right ICA on the distal side of the ophthalmic
artery (Fig. 2A-D). The patient was transferred to our hospital and
treated by establishing an ECA-SVG-MCA bypass with a protective
STA-MCA bypass. This bypass was followed by BBA trapping using
an oblique clipping technique to preserve the origin of the PCOM
(Fig. 2E-G). The patient’s postoperative course was uneventful,
with no postoperative complications. Severe vasospasms did not
occur during the perioperative period. Postoperative 3D CT angiog-
raphy showed no recurrence of the BBA and good patency of both
the high-flow and STA-MCA bypasses (Fig. 2H). She was dis-
charged without neurological deficits.

Case 2

A 34-year-old man presented with a sudden headache and was
subsequently diagnosed with a WFNS grade 1 SAH due to a BBA
located on the lateral wall of the left ICA on the proximal side of

the PCOM (Fig. 3A-D). He was treated by establishing an ECA-
SVG-MCA bypass with a protective STA-MCA double-barrel bypass
and BBA ftrapping while preserving the PCOM (Fig. 3E-G). His
postoperative course included no complications or cerebral ische-
mia due to vasospasms. Although there were no ischemic symp-
toms, postoperative MRA demonstrated occlusion of the high-flow
bypass whereas the protective STA-MCA bypass remained patent
(Fig. 3H). Postoperative MRA showed occlusion of the SVG. We
consider that this resulted from the higher STA-MCA bypass flow
than the SVG flow. There are other causes of venous bypass occlu-
sion, but even if occluded, double low-flow bypass also reduces
ischemic complications as much as possible. Therefore, a double
STA-MCA bypass and high flow bypass using an SVG were per-
formed when the ICA was ligated. The patient was discharged with-
out neurological deficits.

Table 1 presents a summary of the patient and aneurysmal char-
acteristics and the perioperative and long-term outcomes. All rup-
tured aneurysms were located between the distal and proximal
sides of the ophthalmic artery and the PCOM, respectively. In all
cases, postoperative angiography showed complete resolution of
the BBA. The high-flow bypass was patent in four of five cases
(80%). In one case, the SVG spontaneously occluded, resulting in
the protective STA-MCA bypass becoming dominant, and the
patient did not suffer from any resulting ischemic symptoms. No
ischemic or hemorrhagic complications or severe cerebral vaso-
spasms required endovascular treatment during the SAH period. No
complications were associated with deep venous thrombosis or the
lower extremity. Fortunately, no patients required permanent ventric-
ular drainage, tracheostomy, or gastrostomy. In three of the five
cases, MRS scores at the 3-month follow-up were within the range
of 0 to 2. Long-term follow-up angiography indicated that the SVG
was patent in all cases except the one spontaneously occluded
case mentioned above.

rysm (arrowhead) on the posterior wall of the right ICA, located on the distal side of the ophthalmic artery.
C: Both the frontal and parietal branches of the STA were well developed. D: Preoperative nonenhanced 3D
CT venography demonstrated an appropriate saphenous vein (arrowheads) for the bypass graft. E: The
STA-M4 double bypass (yellow arrow) and the ECA-saphenous vein-M2 bypass (white arrow) were estab-
lished followed by trapping of the aneurysm. F: The intraoperative view shows the BBA (white arrow) of the
right ICA. G: The aneurysm was trapped while preserving the origin of the PCOM artery. H: Postoperative
3D CT angiography showed no recurrence of the BBA and patency of the high-flow bypass.
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FIG. 3. A: 3D CT angiography revealed an aneurysm on the anterior wall of the left ICA (arrow). B: Nonen-
hanced 3D CT venography demonstrating a saphenous vein for the bypass graft (arrowheads). C: The
STA-M4 bypass (yellow arrow) and the ECA-saphenous vein-M2 bypass (white arrow) were established.

D: Intraoperative view showing a BBA (white arrow) in the left ICA. E: The aneurysm was trapped while
preserving the origin of the PCOM artery (black arrow). F: Postoperative diffusion-weighted MRI showed no
cerebral infarction. G: MRA demonstrated that the SVG was occluded, resulting in the STA-MCA assist

bypass becoming dominant.

Discussion

Observations

This study presents a treatment protocol for ruptured BBA using
an SVG and protective STA-MCA bypass. The treatment of ruptured
BBAs of the supraclinoid ICA remains challenging, and the optimal
intervention for BBAs, surgical or otherwise, has not yet been deter-
mined. Direct surgery offers potentially superior obliteration rates of
aneurysms comparable to those achieved with endovascular ther-
apy."""? However, direct clipping often leads to intraoperative pre-
mature rupture, resulting in ICA sacrifice and high mortality due to
subsequent strokes.? The wrap-on clip method is reportedly safe;
however, it may not be easy to preserve the perforator branch, and
the possibility of recurrence of the aneurysm was also noted.™ Sim-
ple coil embolization and stent-assisted coil embolization for BBAs
exhibited recurrence of the aneurysm or rebleeding. The recurrence
of aneurysms is low with endovascular ICA trapping, but there are

problems regarding tolerance and perforating arteries.* The stent-
within-a-stent technique or covered stent placement effectively pre-
vented rebleeding and the recurrence of the BBA without sacrificing
the ICA. This can be considered an alternative treatment option for
BBAs in select patients for whom ICA sacrifice is not feasible.?
Endovascular therapy, including multilayer flow-diverting stents, may
have a better safety profile and provide functional outcomes compa-
rable to surgery, although they involve the risk of incomplete obliter-
ation, retreatments, and higher device costs.""'?"* Furthermore,
the requirement of dual antiplatelet therapy remains a major con-
straint in the background of SAHs.

BBA trapping is the safest and most reliable technique for resolving
fragile aneurysms and preventing rebleeding and reoccurrence.® How-
ever, ICA sacrifice in the acute stages of SAH with increased intracranial
pressure, hypercoagulopathy, and risk of vasospasm in collateral vessels
yields inferior outcomes in the absence of cerebral revascularization.?

TABLE 1. A summary of patient and aneurysmal characteristics and perioperative and long-term outcomes

Postoperative Postoperative mRS Scores Long-Term SVG
Case No. Age (yrs) Sex WFNS Grade SVG Patency Stroke at 3-Mo FU Patency (FU period)
1 47 F 3 Yes No 2 Yes
(3 yrs)
2 34 M 1 No No 0 No
3 55 F 5 Yes No 5 Yes
(3 yrs)
4 55 M 2 Yes No 1 Yes
(2 yrs)
5 92 F 2 Yes No 3 Yes
(1yn)
FU = follow-up.
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Revascularization methods such as STA-MCA single/double-barrel
bypass or extracranial to intracranial high-flow bypass have been dem-
onstrated in such cases. Although a complex and time-consuming
approach, high-flow bypass is the most reliable method for flow replace-
ment when sacrificing the ICA."®"" ICA trapping after high-flow bypass
has resulted in favorable outcomes for patients with BBAs."® Our results
suggest that revascularization, which uses a high-flow bypass with SVG
and a protective STA-MCA bypass, is effective for postoperative cerebral
ischemia and vasospasm during the SAH period.

Advantages of SVGs

High-flow bypass using RAGs with trapping of ruptured BBAs has
commonly been reported as a practical treatment with satisfactory out-
comes.2"®"7 RAGs are generally preferred over SVGs because of the
minor differences between the graft and the MCA recipient vessel
diameter in SVGs. Furthermore, RAGs are easier to anastomose into
M3 vessels as small as 1.5 mm." Additionally, several previous stud-
ies in thoracic surgery have observed less postoperative graft occlu-
sion with RAGs than with SVGs. 2 However, in a few reported cases,
SVGs were preferred to RAGs. 2!

Although not preferred generally, SVGs have specific advantages: (1)
They are easy to harvest and manipulate without ischemic risk, whereas
harvesting of the radial artery can cause hand ischemia. % (2) A greater
length of the saphenous vein can be harvested compared with the radial
artery.? (3) They have a higher feasible flow rate (70-140 mLmin) than
RAGs (70 mL/min) and are therefore more suitable for the requirements
of cerebral blood flow." (4) They rarely cause vasospasms, whereas
RAGs are more prone to vasospasms (4%-10%), which may result in
ischemic sequelae.2* We believe that these advantages afforded by SVGs
make them a superior choice in acute phase surgeries for ruptured BBAs
in cases of unstable patients and inadequate opportunities for examina-
tion. Moreover, the saphenous vein can be noninvasively visualized using
nonenhanced 3D CT venography, which allows for an objective evaluation
of the vein before harvesting.25 For the aforementioned reasons, we pref-
erentially used SVGs for all cases of ruptured BBAs in this study.

Protective STA-MCA Bypass

We always performed protective STA-MCA single/double-barrel
anastomosis before the high-flow bypass to decrease the risk of
brain ischemia in our patients. The STA-MCA single bypass is per-
formed on the cortical artery on the distal side of the recipient artery
of the high-flow bypass. Therefore, this first STA-MCA bypass can
minimize the risk of cerebral ischemia in the distal perfusion area of
the recipient artery of the SVG during temporary cross-clamping for
anastomosis of the SVG.

Another important role of the protective STA-MCA bypass is to
ensure cerebral perfusion in the case of SVG occlusion. According to
previous reports, no significant differences in graft patency were
observed at the 1-year follow-up between RAGs and SVGs whereas
SVG occlusion occurred in 11%-13% of cases.?**"% We also experi-
enced one case of spontaneous SVG occlusion after surgery; however,
the protective STA-MCA bypass remained patent, and the patient had
no repercussions. The protective STA-MCA bypass is mandatory to
reduce the risk of perioperative ischemic complications.?

Limitations

Some limitations of the present study should be noted. First, this
was a retrospective analysis of only five cases. Additional studies
with a larger number of patients are necessary to validate our results.

Second, balloon test occlusion of the ipsilateral ICA was not per-
formed, thus making it difficult to evaluate collateral filling and cross-
flow. However, the reliability of balloon test occlusion in patients with
acute SAH has not yet been proven. Particularly in unstable patients
with a ruptured BBA, simple ICA trapping or trapping with only STA-
MCA bypass might result in a higher incidence of severe ischemic
complications.? Therefore, we prioritized high-flow bypass with trapping
surgery. Optimal therapeutic strategies for ruptured BBAs still need to
be investigated further.

Third, it is usually feasible to harvest a sufficient length of the
saphenous vein; however, partial varicosities may render the SVG
unusable. According to previous reports, there is an estimated
1.2%—-4.3% incidence of saphenous vein varicosities in patients with
chronic venous disease.?® In contrast, 27% of the radial artery has
potential circulatory or anatomical insufficiency, leading to ischemic
complications associated with harvesting a RAG.?* Although the
choice of bypass graft may be controversial, we believe that the use
of an SVG should be considered in cases of ruptured BBAs.

Lessons

Although harvesting and anastomosing an SVG involves some
specific technical aspects, SVGs present several advantages and
could be a superior choice in acute-phase surgeries. When opti-
mally performed, high-flow bypass using an SVG with protective
STA-MCA bypass followed by trapping of ruptured BBAs is a safe
and effective strategy.
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