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Anastomotic Aneurysm Formation after High Flow Bypass Surgery:
A Case Report with Histopathological Study

Tatsuya Uchida,’ Masanori Yoshino,' Shinji Ito,” and Takayuki Hara'

Bypass surgery is often used in the treatment of large
and giant aneurysms. Major complications that often
arise during the perioperative period include cranial
nerve palsy, ischemic complications, and hyperperfu-
sion. However, there have been a few reports about late
onset complications such as anastomotic aneurysms. In
particular, anastomotic aneurysm after high flow
bypasses has never been reported. A 57-year-old woman
who had been suffering from left eye pain was diag-
nosed with a large aneurysm of the left internal carotid
artery (ICA) in the cavernous portion. She was treated
with high flow bypass surgery using radial artery graft
and proximal ICA ligation. One and a half year after
surgery, a de novo aneurysm (7.5 mm in maximum diam-
eter) was detected in the anastomotic site. To prevent
rupture, the aneurysm was resected and the middle
cerebral artery (MCA) was reconstructed via superficial
temporal artery (STA)-MCA bypass. Postoperative
course was uneventful and the anastomotic aneurysm
did not recur until 2 years after second surgery. Histo-
logical evaluation of the anastomotic aneurysm demon-
strated loss of smooth muscle cells and proliferation of
neointima, features consistent with a true aneurysm.
Interestingly, the above changes were prominent in the
radial artery graft while the MCA was almost histologi-
cally intact. As such, intraoperative intimal damage and
postoperative hemodynamic stress to the radial artery
graft may be a cause of aneurysm formation. Anasto-
motic aneurysm may occur after high flow bypass,
necessitating careful postoperative follow-up.
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Introduction

Bypass surgery is often used in the treatment of large and
giant aneurysms.” The major complications that often arise
in the perioperative period include cranial nerve palsy, isch-
emic complications and hyperperfusion.>® However, there
have been a few reports documenting late onset complications
such as anastomotic aneurysms. In particular, anastomotic
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aneurysms after high flow bypasses have never been
reported.

In this report, we present a case study of a large internal
carotid artery (ICA) aneurysm in the cavernous sinus, which
was treated with proximal ICA ligation and high-flow bypass
surgery. Eighteen months later, an extremely rare complica-
tion of an arterial aneurysm affecting the intracranial vas-
cular anastomotic site occurred.

Case Report

A 57-year-old woman presented with a history of hyperten-
sion and left eye pain. A large aneurysm of the left ICA in
the cavernous portion with a maximum diameter of 13 mm
was observed during examination for headache (Fig. 1a). She
was treated with high flow bypass surgery using radial artery
graft and proximal ICA ligation.

Postoperative cerebrovascular angiography revealed good
patency of the bypass vessels, and the cerebrovascular aneu-
rysm was confirmed to have disappeared (Figs. 1b, and Ic).
Additionally, the pain in her left eye improved.

Antiplatelet agents and antihypertensive agents were
administered, and the patient was followed-up as an outpa-
tient. One and a half year after surgery, magnetic resonance
imaging showed a de novo aneurysm in the anastomotic site.
Cerebrovascular angiography was performed, revealing dila-
tion at the intracranial vascular anastomotic site in a saccular
shape to 7.5 x 6.3 mm. Consequently, the patient was diag-
nosed with an anastomotic aneurysm (Figs. 2a—2c). Balloon
occlusion test (BOT) was performed, and revealed that there
were no neurological problems and cross flow was perfused
to the left hemisphere via the posterior communicating artery.

A resection was scheduled so as to prevent rupture of the
aneurysm. First, the aneurysm was exposed (Fig. 3a). Next,
an anastomosis of the superficial temporal artery (STA) and
the middle cerebral artery (MCA) distal to the original anas-
tomotic site (at the inferior trunk of the second branch of the
MCA, hereafter referred to as M2) was performed. The
aneurysm was trapped and resected beyond the anastomotic
site to preserve distal blood flow (Figs. 3b, and 3c). The
superior trunk of the MCA demonstrated good anterograde
flow during Doppler flow measurements and indocyanine
green (ICG), and no decrease in motor and somatosensory
evoked potentials was observed even after 30 min of cross
clamping. As such, the superior trunk was not revascular-
ized. There was enough collateral flow via the posterior
communicating artery. If motor and somatosensory evoked
potentials were decreased, it was necessary to perform an
additional revascularization, so we were prepared to
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perform high flow bypass again using the vein graft (saphe-
nous vein). Postoperatively, the patient had no new abnormal
neurological findings, and postoperative cerebrovascular
angiography showed that the additional bypass was patent
along with a disappearance of the lesion (Fig. 3d). Cross flow
was perfused to the area of superior trunk via the posterior
communicating artery. (Fig. 4 left and right).

A subsequent follow-up two years after the second surgery
indicated no recurrence of the anastomotic aneurysm. Histo-
pathological findings of the resected anastomotic aneurysm
included marked damage to the intima of the radial artery and a
decrease or complete absence of smooth muscle cells. In addi-
tion, neointima proliferation and vascular lumen dilation were
observed, features consistent with a true aneurysm (Fig. 5d). In
contrast, several areas of the intima and medial smooth muscle
cells in the MCA were relatively preserved (Figs. 5a—5c).
Opverall, these changes were prominent in the radial artery graft
and the MCA was almost histologically intact.

Discussion

In this report, we present a case study of an anastomotic
aneurysm after treatment of a large ICA aneurysm with
proximal ICA ligation and high-flow bypass surgery.

To the best of our knowledge, there are no reports docu-
menting any complications of an anastomotic aneurysm in
the clinical course following high-flow bypass surgery.

Fig. 1 A large aneurysm (arrow) of the left internal carotid artery
(ICA) in the cavernous portion with a maximum diameter of 13 mm.
High flow bypass using the radial artery (arrow head) graft and proxi-
mal ICA ligation. Anterior-posterior cerebrovascular angiography
(a: preoperative), (b: postoperative) showing good patency of the
bypass vessels and disappearance of the cerebrovascular aneurysm.
(¢), A detailed 3D image of the anastomotic site.

Fig. 2 Anastomotic aneurysm. Cerebrovascular angiography showed
that the intracranial vascular anastomosis had dilated in a saccular
shape to 7.5 x 6.3 mm (arrow), and the patient was diagnosed with an
anastomotic aneurysm. (a: anterior-posterior, b: lateral, c: 3D).

In the field of cardiovascular surgery, there are several
reports on anastomotic aneurysms occurring after bypass
surgery using radial artery or blood vessel prosthesis.*> The
frequency of an anastomotic aneurysm is estimated to be
approximately 1-5%. Although the underlying mechanism
leading to an anastomotic aneurysm is currently unclear, it is
believed to be due to infection, intimal injury, hypertension
and mechanical stress.®”

Conversely, there have been several reports in the field of
neurosurgery on anastomotic aneurysms complicating STA—
MCA anastomoses.®'” Kohno et al. reported a case of an
anastomotic aneurysm occurring >2 months postoperatively

Fig. 3 Intraoperative photographs obtained illustration. (a) The anas-
tomotic aneurysm (arrow) was exposed. (b) An anastomosis of the
STA and MCA distal to the original anastomotic site was performed.
The anastomotic aneurysm was trapped and resected beyond the anas-
tomotic site. (c) Illustration showing surgical image. (d) Anterior-
posterior cerebrovascular angiography showed that the lesion had dis-
appeared and that the additional bypass was patent.

Fig. 4 Cross flow. Vertebral angiography (VAG) after second surgery
showed that there was enough collateral flow to the left hemisphere via
the posterior communicating artery. (left: anterior-posterior, right: lateral).
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Fig. 5 The histopathological findings of the resected anastomotic
aneurysm. (a) Macroscopic photograph revealing the anastomotic aneu-
rysm. (b) Photomicrograph of the anastomotic site. (arrow head: anasto-
motic site) Elastica Van Gieson stain; original magnification, x12.5.
(c) Photomicrograph of the MCA. Several areas of the intima and
medial smooth muscle tissue were relatively preserved. Elastica Van
Gieson stain; original magnification, x40. (d) Photomicrograph of the
RA. Smooth muscle cells (K) changes and complete disappearance of
these cells were observed. Proliferation of neointima, features consistent
with a true aneurysm, was observed and the vascular lumen was dilated.
(arrow; intima) Elastica Van Gieson stain; original magnification, x40.

as a late-onset complication of an STA-MCA anastomosis.'”
According to the report, anastomotic aneurysms are caused
by destruction of the internal elastic membrane by surgical
manipulation followed by accelerated arterial aneurysm for-
mation at the site of suturing. This accelerated formation
could be due to destruction of the medial smooth muscle
cells during transient elevations in MCA pressure. Similarly,
Kurokawa et al. reported a case of an anastomotic aneurysm
that occurred as a late-onset complication of STA-MCA
anastomoses, with an incidence rate of 0.66%.'” This group
also discussed hemodynamic stress on the vascular anasto-
motic site as a cause of arterial aneurysms. In both reports,
formation of an aneurysm could thus have been caused by
injury to the vascular wall through surgical procedures fol-
lowed by stress-like hypertension, which increased at the
anastomotic site. In our case study, formation of neointima
caused hypertrophy in the radial artery and was suggestive
of intimal injury. Furthermore, the smooth muscle cells situ-
ated in the two sheets of the elastic plate were largely
destroyed. Congruent with the reports thus far, the causes of
an aneurysm could include intimal injury followed by injury
to the medial smooth muscle cells from the surgical opera-
tion, leading to a postoperative increase in blood pressure
and formation of an anastomotic aneurysm.
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At present, there have been incredible advancements in
the development of treatments targeting large or giant aneu-
rysms such as the Flow Diverter. However, complex vascular
aneurysms that require resection of aneurysms with endo-
vascular occlusion of the parent vessel still need to be
treated with revascularization through high-flow bypass. It is
imperative that anastomotic aneurysms as a complication of
high-flow bypass be made known to surgeons. Consequently,
high-flow bypass surgery involving the use of the radial
artery should consider patient risk factors, as well as
enforcing a strict treatment plan and follow-up. To the best
of our knowledge, this is the first report of an anastomotic
aneurysm occurring after revascularization through
high-flow bypass. Going forward, we expect that the inci-
dence and etiology will be elucidated through further accu-
mulation of case studies.
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