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Abstract

Posterior inferior cerebellar artery (PICA) aneurysms often require cerebral vascular reconstruction
for surgical treatment because of their characteristic morphology. Despite its potential complications,
the occipital artery-to-posterior inferior cerebellar artery (OA-PICA) bypass is a typical treatment be-
cause of its versatility. Although a few cases of intracranial-to-intracranial bypass have been reported,
this type of vascular reconstruction is only regarded as an alternative to the OA-PICA bypass because
of the uncertainty of bypass feasibility and potential risk of ischemic complications. In this article, we
report a case of proximal PICA ruptured aneurysm that was treated with a PICA-to-PICA (PICA-PICA)
bypass. A 79-year-old man presented with a chief complaint of sudden, severe headache and distur-
bances in consciousness. Radiological examination revealed a right proximal PICA fusiform aneurysm.
The patient had many systemic disorders such as microscopic polyangiitis and steroid-induced diabe-
tes mellitus that could have caused wound dehiscence and cerebrospinal fluid (CSF) leakage. We per-
formed the PICA-PICA bypass and trapping surgery rather than the OA-PICA bypass to avoid skin
problems and CSF leakage. The postoperative course was uneventful, and the patient was discharged
on day 64 without any neurological disorders. In comparison with the OA-PICA bypass, the PICA-PICA
bypass is less likely to cause CSF leakage and skin complications, although it carries the risk of spe-
cific ischemic complications and requires advanced surgical techniques. For some patients with sys-
temic disorders, the PICA-PICA bypass could be an optimal treatment option for proximal fusiform
PICA aneurysms rather than as an alternative to the OA-PICA bypass.
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Introduction

Posterior inferior cerebellar artery (PICA) aneurysms are
rare and account for only 3%-4% of all brain aneurysms.”
Many cases of PICA aneurysms are nonsaccular or fusi-
form aneurysms in which a simple clipping technique can-
not be applied, and trapping surgery with vascular recon-
struction is often required. The occipital artery (OA)-PICA
bypass is a typical vascular reconstruction surgery for
aneurysms in this area. However, the OA-PICA bypass has
been reported to cause a few complications.” One of them

is skin necrosis caused by the harvesting of the OA and re-
duced blood flow to the skin flap. Intracranial-to-
intracranial (IC-IC) bypass, which does not require an ex-
tracranial artery, may reduce the risk of skin problems. We
encountered a case of ruptured proximal PICA fusiform
aneurysm, which was treated with a PICA-PICA bypass
and trapping surgery. In this report, we describe the de-
tails of this case and compare the OA-PICA bypass and
PICA-PICA bypass with a literature review and present the
outcomes of bypass surgeries performed at our institute.
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Fig. 1 Three-dimensional digital subtraction angiography
showed a proximal posterior inferior cerebellar artery (PICA)
fusiform aneurysm (arrowheads).

Case Report

The authors obtained written informed consent from
the patient and his family. No approval from the IRB was
sought as this article is a case report.

This 79-year-old man had a sudden onset of conscious-
ness disturbance and headache and was initially admitted
to another hospital. His consciousness level on admission
was E3V4M6 on the Glasgow Coma Scale. Head computed
tomography (CT) revealed a Fisher grade 3 subarachnoid
hemorrhage. The patient was subsequently transferred to
our facility for surgical treatment. He had microscopic
polyangiitis, renal dysfunction, and steroid-induced diabe-
tes mellitus. His medical history also included hyperlipide-
mia, hypertension, and osteoporosis. Three-dimensional
digital subtraction angiography showed a right proximal
PICA fusiform aneurysm (Fig. 1). We observed both PICAs,
but there was some distance between the bilateral PICA
caudal loops (Fig. 2). Fortunately, the origin of the right
PICA was sufficiently low to allow securing its proximal lo-
cation without difficulty.

The patient’s comorbidities increased his risk for skin
complications. Therefore, we avoided using the OA as a
graft. We instead selected an IC-IC bypass instead of an
OA-PICA bypass. We assumed that aggressive dissection
around the PICA might facilitate PICA-PICA bypass, but
the distance between the PICAs made it uncertain whether
this surgery could be performed. Our strategy was as fol-
lows: we made a midline linear skin incision and per-
formed conventional suboccipital craniotomy to reduce the
risk of skin problems. We then marked the short segment
of the OA by using sonography and sanitized the skin,
without harvesting. If we then found that a PICA-PICA by-

Fig. 2 Three-dimensional computed tomography angiogra-
phy showed that the caudal loops of the left PICA (red arrow-
head) and the right PICA (blue arrowhead) were positioned
parallelly at some distance.

pass would be difficult to perform during surgery, we
would harvest a short segment of the OA graft and per-
form PICA-OA interposition graft-PICA anastomosis.

We performed a midline linear skin incision and a con-
ventional suboccipital craniotomy. First, we dissected the
right cerebromedullary fissure and found the right PICA
easily. The right proximal vertebral artery V4 segment was
secured without difficulty. Then, we easily identified the
right PICA and the aneurysm (Fig. 3a). The proximal and
distal PICA locations were secured. At a glance, there was
some distance between the PICAs, but aggressive dissec-
tion facilitated their mobilization. Finally, we decided to
perform a PICA-PICA bypass without using an OA interpo-
sition graft. We made two stay sutures and running su-
tures on the posterior wall and intermittent sutures on the
anterior wall (Fig. 3b). The total clamp time was 32 min
and 15 s. Indocyanine green showed excellent patency of
the PICA-PICA bypass. After anastomosis, the right PICA
aneurysm was trapped (Fig. 3c). The total operation time
was 5 h and 3 min.

The patient recovered well. On day 2, his level of con-
sciousness was almost of complete alertness, and he was
extubated. He did not have any neurological disorders that
would indicate damage to the lower cranial nerves. Mag-
netic resonance imaging on day 8 showed a very small as-
ymptomatic infarction in the left caudate nucleus. CT an-
giography on day 15 showed excellent bypass patency (Fig.
4). The patient did not show any skin complications or
cerebrospinal fluid (CSF) leakage. He had normal pressure
hydrocephalus and underwent a ventriculoperitoneal shunt
on day 37. He was transferred to a rehabilitation hospital
on day 64 (modified Rankin score = 2). At his 6-month
outpatient follow-up, the patient was independently per-
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Fig. 3 (a)PICA and its exposed rupture point. (b) PICA-PICA side-to-side anastomosis was performed. (c) After anastomosis, the

rupture point was trapped.

Fig. 4 Three-dimensional computed tomography angiogra-
phy showed perfect patency of the PICA-PICA bypass and oblit-
eration of the aneurysm (PICA-PICA anastomosed site showed
by arrowhead).

forming his activities of daily living.

Discussion

0A-PICA bypass

Nonsaccular PICA aneurysms often require trapping sur-
gery with vascular reconstruction, and many bypass op-
tions have been reported for these lesions.*” The OA-PICA
bypass appears to be one of the most typical and popular
treatment options.” One reason for this popularity is the
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versatility of the OA-PICA bypass, which can be applied in
almost all cases of nonsaccular PICA aneurysms, except in
those lacking the OA. Although the PICA has many ana-
tomical variations, the OA-PICA bypass is independent of
the arrangement of the PICA and can therefore be applied
in almost all cases. The use of the OA enables sufficient
extracranial blood flow to the recipient area of the lesion,
which can help prevent vasospasm and ischemic complica-
tions. However, harvesting the OA is complicated because
of its tortuous course through the muscular and subcuta-
neous layers.” In addition, the OA has to be harvested
from the superior nuchal line to the mastoid groove to
avail a sufficient length of graft. This requires the use of
nonlinear incisions such as the hockey stick incision or
the C-shaped incision to include a long OA graft and far
lateral craniotomy.” However, such nonlinear skin incisions
are unfavorable with respect to blood flow to the skin
flap.” A reduction in blood supply to the skin flap may
cause graft dehiscence and necrosis, necessitating addi-
tional plastic surgical treatment, although the frequency of
this complication is low. Specifically, the exact frequency of
skin complications of OA-PICA bypass has not been well
described in previous studies; only one small case series of
OA-PICA bypass mentioned the frequency of skin compli-
cation to be one among nine cases.” Although long and
nonlinear skin incisions are unfavorable from the point of
view of invasiveness of the skin flap, they are more favor-
able from the point of view of the surgical approach. For
example, the hockey stick skin incision and muscle skin
flap can be flipped to the caudal side, after which large far
lateral craniotomy can be performed to avail a wide, gently
sloped, and relatively shallow surgical field. This wide sur-
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gical field allows the OA-PICA bypass to provide an easier
anastomosis than other anastomoses in the deep site. In
addition, we usually perform end-to-side anastomosis in
the OA-PICA bypass, which is familiar to neurosurgeons
because an end-to-side anastomosis is a variation of the
familiar superficial temporal artery (STA) to middle cere-
bral artery (MCA) anastomosis. Thus, the OA-PICA bypass
can be usually performed without difficulty and with a
short clamp time. Moreover, this bypass only requires the
use of a single PICA, in contrast to the PICA-PICA bypass.
In cases involving bypass occlusion, ischemic complica-
tions are therefore limited to the ipsilateral PICA lesions.
However, CSF leakage is a potential complication of OA-
PICA bypasses in particular.” Complete dural closure is im-
possible because of the OA bypass graft running through
the dural incision.

PICA-PICA bypass

The side-to-side bypass of PICA lesions was first re-
ported by Ausman et al. in 1988.” Actually, while a few
cases of PICA-PICA bypasses have been reported over the
past 30 years, this procedure is not as familiar to neuro-
surgeons as the OA-PICA bypass.” We suppose that the
PICA-PICA bypass has been mostly regarded as a mere al-
ternative to the OA-PICA bypass when the OA is not avail-
able for reasons such as preclusion or injury of the OA
during dissection. One of the reasons for the low familiar-
ity of surgeons with the PICA-PICA bypass is its lower ver-
satility, when compared to the OA-PICA bypass. The for-
mer technique requires both PICAs to be parallel, closely
positioned, and have matching calibers. Thus, the PICA-
PICA bypass depends on the anatomical structures of the
PICAs. Another disadvantage of the PICA-PICA bypass is
the risk of injury to the contralateral PICA. A long cross-
clamping time or bypass occlusion can endanger the PI-
CAs and may cause irreversible bilateral ischemic compli-
cations in the cerebellum. Lack of surgeon’s familiarity
with side-to-side anastomosis is also a disadvantage of the
PICA-PICA bypass since it requires an utterly different an-
astomosis procedure in comparison with the STA-MCA by-
pass, which most neurosurgeons are familiar with. The
technique also requires intraluminal suturing in the deep
field with maximal care for the endothelial and line
brakes. These peculiar difficulties make this anastomosis
technically challenging.”

Nevertheless, the PICA-PICA bypass also offers some ad-
vantages over the OA-PICA bypass. First, it does not re-
quire complicated and time-consuming dissection of the
OA. Since the OA is not harvested, the blood supply to the
skin flap is preserved, which is beneficial for wound heal-
ing. Depending on the position of the ruptured PICA point,
the PICA-PICA bypass can be performed with a linear
midline skin incision and a conventional suboccipital ap-
proach.*” Thus, a large muscle skin flap is not required.
With respect to extracranial invasiveness, the PICA-PICA

bypass appears to be less invasive than the OA-PICA by-
pass. However, the lower extracranial invasiveness also
causes technical difficulties in the PICA-PICA bypass, since
linear skin incisions and conventional suboccipital craniot-
omy provide a much narrower and steeper surgical field
than the OA-PICA bypass. Moreover, a wound retractor is
required for linear skin incisions, which yields a much
deeper surgical field than that obtained with the flipped
hockey stick skin flap and far lateral craniotomy. The nar-
rower and less invasive the surgical field, the more difficult
the bypass surgery. An advantage of the PICA-PICA bypass
in this regard is the lower probability of CSF leakage and
skin complications. Unlike the OA-PICA bypass, the PICA-
PICA bypass does not require an extracranial bypass skin
graft, and the absence of this graft allows watertight dural
closure, thereby reducing the risk of CSF leakage, infec-
tions, and skin complications.

Comparison between the OA-PICA and PICA-PICA
bypasses

The advantages and disadvantages of these two bypass
surgeries are summarized in Supplementary Table 1. Versa-
tility can be considered to be one of the biggest advan-
tages of the OA-PICA bypass, since this technique can be
performed in almost all cases of PICA lesions. The PICA-
PICA bypass is dependent on anatomical PICA morpholo-
gies and positioning; thus, it is uncertain whether this by-
pass can be performed in certain cases. However, the use
of a short interposition graft may be of some help in over-
coming these anatomical difficulties."’ A  PICA-
interposition-PICA bypass may address the anatomical un-
certainty associated with the PICA-PICA bypass. In our
case, we marked the right OA with Doppler and sanitized
the occipital skin to avail the distal OA as a short interpo-
sition graft in case the PICA-PICA bypass would not be
feasible. This approach aimed to address the risks of the
PICA-PICA bypass to some extent.

After the procedure and despite his multiple comorbidi-
ties, our patient recovered quickly and was discharged
from the hospital without any complications. Although the
current evidence has focused primarily on the risks and
lack of surgeons’ familiarity with the PICA-PICA bypass, it
may be an optimal treatment option rather than just an
alternative to the OA-PICA bypass.” Indeed, while every
PICA aneurysm may not be treatable with the PICA-PICA
bypass, this could become a potential treatment option for
patients who have several comorbidities, including a
higher chance of skin complications. However, since this
bypass technique does not have widespread use and it is
technically difficult, continuous training and increased fa-
miliarity with the procedure would be necessary to achieve
optimal surgical outcomes. We have described the surgical
outcomes of the different types of bypass performed at our
institute over a period of 11 years (from January 2011 to
December 2021) as supportive data in Supplementary Ta-
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ble 2. Although our case series was not large enough to
perform statistical analyses, it may nevertheless reflect the
pros and cons of PICA-PICA bypass stated in this report.
Comparison of surgical outcomes of each bypass type per-
formed at our institute is summarized in Supplementary
Table 3. Our data were retrospectively retrieved from our
medical records. As per the ethical guidelines of the Japan
Neurosurgical Society, we did not seek local IRB approval,
as this case series included less than nine cases. Consider-
ing the low invasiveness of retrospective data retrieval, an
opt-out method of consent was adopted. Notification for
opt-out was posted on our institute website; patients could
easily opt to decline the use of their data for publication
in the report.

Conclusion

We described a case of fusiform proximal PICA aneu-
rysm that was treated with a PICA-PICA bypass. The
PICA-PICA bypass has specific advantages over the OA-
PICA bypass. In some cases, the PICA-PICA bypass could
be an optimal treatment option rather than just an alter-
native treatment for OA-PICA bypass.

Details of Previous Presentation
The 80th Annual Meeting of the Japan Neurosurgical So-
ciety, 2021/10/27-10/30, Yokohama, Japan, poster presenta-
tion
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