Providing Choice & Value | ) fesees

CONTACT REP

AJNR

Thisinformation is current as
of July 31, 2025.

Intracranial Serpentine Aneurysms:
Spontaneous Changes of Angiographic Filling
Pattern

S.G. Kandemirli, S. Cekirge, I. Oran, |. Saatci, O. Kizilkilic,
C. Cinar, C. Islak and N. Kocer

AINR Am J Neuroradiol 2018, 39 (9) 1662-1668
doi: https://doi.org/10.3174/ajnr.A5746
http://www.ajnr.org/content/39/9/1662


http://www.ajnr.org/cgi/adclick/?ad=57967&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_july2025
https://doi.org/10.3174/ajnr.A5746
http://www.ajnr.org/content/39/9/1662

ORIGINAL RESEARCH
INTERVENTIONAL
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ABSTRACT

BACKGROUND AND PURPOSE: Serpentine aneurysms are partially thrombosed aneurysms with an eccentrically located tortuous intra-
aneurysmal vascular channel. The large size, distinctive neck anatomy, and supply of the brain parenchyma by the outflow tract pose
technical challenges in treatment. The aim of this study was to discuss the endovascular treatment results and illustrate the dynamic nature
of serpentine aneurysms. Spontaneous transformation of saccular and fusiform aneurysms into serpentine morphology, along with a case
of serpentine-into-fusiform aneurysm transformation during follow-up, is presented.

MATERIALS AND METHODS: A retrospective analysis from 3 institutions revealed 15 patients with serpentine aneurysms who underwent
diagnostic evaluation and endovascular treatment. Nine of the 15 patients underwent endovascular occlusion of the parent vessel with
detachable balloon or coils. Six of the 15 patients underwent aneurysm and parent artery occlusion with coiling.

RESULTS: In Tl patients, improvement or resolution of symptoms was achieved by an endovascular approach without any treatment-
related morbidity. Morbidity related to treatment in the immediate postoperative period was seen in 3 patients, with resolution of the
deficits at long-term follow-up in 2 patients and persistence of a mild deficit in 1 patient. Endovascular treatment failed to achieve
resolution of symptoms in a case with a basilar tip aneurysm treated by aneurysm coiling.

CONCLUSIONS: Serpentine aneurysms are dynamic structures with spontaneous transformation possible from a saccular or fusiform
shape into a serpentine configuration. An endovascular approach by parent vessel occlusion or intra-aneurysmal occlusion is a successful
treatment technique for serpentine aneurysms.

ABBREVIATIONS: ACA = anterior cerebral artery; BTO = balloon test occlusion; ECA = external carotid artery; PAO = parent artery occlusion; PCA = posterior

cerebral artery

Serpentine aneurysms constitute a rare form of intracranial
aneurysms with unique radiologic and pathologic features.'
Serpentine aneurysms are partially thrombosed aneurysms and
contain an eccentrically located tortuous intra-aneurysmal vascu-

1.>* The main distinctive features are the presence of

lar channe
separate inflow and outflow tracts and supply of the brain paren-
chyma by the outflow tract.*> The pathogenesis of serpentine

aneurysms is not clear, and several hypotheses have been pro-
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posed to explain the evolutionary features.®® The most widely
accepted mechanism is continued expansion of a saccular aneu-
rysm into a serpentine configuration termed the “Coanda ef-
fect.”® The common entity in the pathophysiology of serpentine
aneurysms is the dynamic nature of thrombosis and aneurysm
formation.*

The large size, distinctive neck anatomy, and supply of the
brain parenchyma by the outflow tract pose technical challenges
in treatment.” In the initial reports, surgical obliteration alone was
the mainstay treatment; however, surgical external carotid artery
(ECA)-ICA anastomosis and an endovascular approach have ex-
panded the treatment options.*®

This study focused on the clinical and imaging findings of
15 patients with serpentine aneurysms treated by endovascular
routes. We present cases of saccular and fusiform aneurysms
evolving into serpentine aneurysms during follow-up to illustrate
the possible formation mechanisms of serpentine aneurysms. Ad-
ditionally, a case of spontaneous transformation of a serpentine
aneurysm into a fusiform aneurysm is presented that has not been
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reported in the literature previously. These cases illustrate the
dynamic nature of the mechanisms involved in serpentine aneu-
rysm pathogenesis.

MATERIALS AND METHODS

A retrospective analysis of the medical records from 3 institutions
revealed 21 patients with serpentine aneurysms who had endovas-
cular or surgical treatment. Fifteen patients who underwent en-
dovascular treatment constituted the study group. Patients with
surgical intervention alone were not included in this study.

All patients underwent selective cerebral angiography in addi-
tion to a CT scan and/or MR imaging. At the time of diagnosis, 5
of the 15 patients had not received treatment initially. However, 4
of them were subsequently treated with an endovascular route
due to worsening of symptoms at follow-up.

The age range was 17-70 years (mean, 40.2 years) with a male-
to-female ratio of 1.14. The main presenting features were head-
ache, neurologic deficits secondary to mass effect, or distal emboli
(On-line Table 1). The neurologic deficits included hemiparesis,
sensory symptoms, cranial nerve involvement, and brain stem
compression symptoms. One patient initially presenting with
headache refused treatment and later presented with rupture
of the aneurysm.

Ten aneurysms involved the anterior circulation (7 at the
MCA, 2 at the ICA, and 1 at the anterior cerebral artery [ACA]),
whereas 5 aneurysms involved the posterior circulation (1 basilar
artery, 4 posterior cerebral arteries [PCAs]) (On-line Table 1).
Mean aneurysm size was 4.9 cm, with a minimum size of 2.5 cm
and maximum size of 8 cm.

Nine of the 15 patients underwent endovascular occlusion of
the parent vessel with detachable balloons (2 patients) and de-
tachable coils (7 patients). Six of the 15 patients underwent aneu-
rysm and parent artery occlusion with coiling (in 2 of them, Onyx
[Covidien, Irvine, California] was used as an adjunctive embolic
material). In a single case, bypass surgery was performed before
endovascular aneurysm occlusion.

Systemic anticoagulation during endovascular treatment was
achieved by bolus infusion of 5000 TU of heparin after insertion of
a femoral sheath. The bolus infusion of heparin was followed by a
continuous drip (1000-1500 IU/h) to double the baseline acti-
vated clotting time.

Balloon test occlusion (BTO) before endovascular treatment
was performed for 5 of 15 patients (a single cavernous ICA aneu-
rysm and 4 proximal MCA aneurysms). During BTO, collateral
filling of the occluded side through the circle of Willis or via other
collaterals (such as pial-pial) and the transit time to the venous
phase (which should demonstrate a <2-second difference com-
pared with nonoccluded regions) were evaluated. While BTO
showed adequate collateral flow in 4 patients (cases 2, 3, 8,and 9),
there was inadequate flow in 1 patient (case 11) in whom intra-
cranial bypass surgery was performed before the endovascular
parent artery occlusion. Test occlusion before endovascular treat-
ment was not performed for distally located aneurysms (4 PCA, 3
MCA M2-M3, 1 ACA, and 1 basilar tip aneurysm). Additionally,
BTO could not be performed due to technical difficulty in a case
with a supraclinoid ICA aneurysm.

RESULTS

In 11 patients, improvement or resolution of symptoms was
achieved by an endovascular approach without any treatment-
related morbidity.

New MR imaging positive for ischemic complications was
seen in 3 patients (cases 3, 11, and 14). Deficits totally resolved in
2 cases, whereas 1 case had a mild deficit at follow-up. No clini-
cally silent new ischemic region in the postoperative period was
observed in the remaining 12 patients. Additionally, no hemor-
rhagic findings complicated the postoperative course.

Case 11 had aleft MCA inferior trunk aneurysm and presented
with multiple transient ischemic attacks before treatment. In this
patient, BTO showed inadequate collateral supply, and intracra-
nial bypass was performed before aneurysm occlusion. This pa-
tient still had a slight right hemiparesis and facial paresis in the
immediate postoperative period with resolution of deficits at the
3-month follow-up. Case 14 had a left PCA aneurysm treated by
parent artery occlusion (PAO). BTO was not performed in this
case. Right hemihypesthesia and right thalamic hand syndrome
developed in the immediate postembolization period with total
resolution at the 1-year follow-up.

Case 3 with a left MCA (M1-M2 segments) aneurysm had
adequate collateral supply during BTO occlusion. Following in-
tra-aneurysmal coiling and PAO, the patient had new-onset dys-
phasia and right hemiparesis. During follow-up, deficits partially
ameliorated, the patient presented with intense headache at the
2-month follow-up. MR imaging revealed abscess formation
along with extensive edema around the aneurysm sac. The patient
underwent total resection of the abscess cavity and aneurysm. On
the postoperative course, the patient had persistence of mild dys-
phasia with total resolution of right hemiparesis.

Endovascular treatment failed to achieve resolution of symp-
toms in a case (case 5) with a basilar tip aneurysm treated by aneu-
rysm coiling. There was a substantial increase in brain stem compres-
sion with worsening of symptoms at the 6-month follow-up.

At follow-up (mean duration of 27 months), no recanalization
of the aneurysm sac was observed. In a single case (case 5), there
was an increase in brain stem compression at the 6-month follow-
up. Perianeurysmal edema regressed in all other cases; addition-
ally, aneurysm mass size decreased in 8 cases.

Among the 15 aneurysms, 12 patients presented with serpen-
tine morphology; 3 of 15 aneurysms (cases 1, 3, and 8) did not
have a serpentine morphology initially and changed into a serpen-
tine configuration spontaneously during follow-up. Aneurysms
in case 8 had a saccular shape, and cases 1, 3 had a fusiform shape
initially. In a single case, spontaneous transformation of a serpen-
tine aneurysm into a fusiform aneurysm was seen at the 2-year
follow-up (case 2).

Herein, we describe these cases in detail to illustrate the differ-
ent formation mechanisms of serpentine aneurysms.

Spontaneous Transformation of a Saccular Aneurysm
into a Serpentine Aneurysm (Case 8)

A 37-year-old woman presented with severe headache (Fig 1).
Diagnostic imaging revealed a saccular aneurysm at the left MCA
bifurcation. Per the patient’s preference, she did not undergo
treatment at the initial presentation. Five years later, the patient
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FIG 1. A 37-year-old woman who presented with severe headache. A, Left ICA angiography
shows a saccular aneurysm (1.44 X 1.65 cm) at the left MCA bifurcation. B, Repeat angiography
5 years later reveals marked enlargement of the aneurysm (5 X 4 X 4 cm) with incorporation
of the upper MCA trunk into the serpentine aneurysm lumen. C and D, Endovascular occlu-
sion of the serpentine aneurysm and the parent artery by coiling and Onyx injection was

performed.

presented with worsening of symptoms. On DSA, marked en-
largement of the aneurysm with a change into a serpentine
configuration was noted. The patient tolerated a balloon test
occlusion, and the lumen of the serpentine aneurysm was oc-
cluded by coiling and Onyx injection. At 1-year follow-up, the
patient was neurologically intact with resolution of the perian-
eurysmal edema and absence of flow in the aneurysm.

Spontaneous Transformation of a Fusiform Aneurysm
into a Serpentine Aneurysm (Cases 1and 3)

At the initial presentation, 2 cases with fusiform aneurysms were
managed conservatively (Figs 2 and 3). These cases presented with
worsening of symptoms at the long-term follow-up (1 and 6
years), at which time the diagnostic examinations revealed en-
largement of the aneurysms and evolution of fusiform aneurysms
into serpentine aneurysms.

In case 1, a 32-year-old man presented with headache and
diaphoresis. Cerebral angiography at the time of initial evaluation
showed fusiform enlargement of the right PCA. No treatment was
performed initially. Six years later, the patient presented with
worsening of symptoms, and diagnostic imaging revealed marked
enlargement of the aneurysm along with edema. The initially fusi-
form aneurysm had transformed into a serpentine configuration.
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The patient was treated by parent vessel
occlusion of the PCA with detachable
coils. The distal PCA branches were
opacified by pial-pial collaterals through
the MCA. At 1-year follow-up, the pa-
tient was neurologically intact with res-
olution of symptoms. DSA at 1 year
showed exclusion of the aneurysm lu-
men from circulation and stable perfu-
sion of the distal PCA territory with a
thrombosed mass.

Case 3 was a fusiform aneurysm of
the left MCA (M1-M2 segments) in a
39-year-old female patient who pre-
sented with headache. The patient pre-
sented with worsening of symptoms 1
year later, when DSA revealed marked
enlargement of the fusiform aneurysm.
Endovascular treatment was contem-
plated. Six days later, during endovas-
cular treatment, the aneurysm ac-
quired a doughnut shape with partial
intra-aneurysmal thrombosis. Intra-
aneurysmal coiling was performed. In
the immediate postoperative period,
the patient had dysphasia and right
hemiparesis. The postoperative course
was further complicated by abscess
formation adjacent to the coiled aneu-
rysm, which required surgical drain-
age and resection of the abscess cavity.
At the 6-month follow-up, the patient
had mild dysphasia with resolution of
right hemiparesis.

Spontaneous Transformation of a Serpentine Aneurysm
into a Fusiform Aneurysm (Case 2)

A 39-year-old woman presented with headache and diplopia; ce-
rebral DSA revealed a giant serpentine aneurysm in the cavernous
segment of the right ICA (Fig 4). No treatment was contemplated
at the time of initial evaluation. At 2-year follow-up, DSA revealed
transformation of the serpentine aneurysm into a fusiform aneu-
rysm with no change in patient symptoms. The patient opted for
treatment and was treated by PAO using a detachable balloon.
Postoperatively, the patient had no neurologic deficit.

DISCUSSION

In our review of the literature, there were 101 giant serpentine
aneurysms (On-line Table 2). Serpentine aneurysms were seen
more commonly in young males, with a male-to-female ratio of
1.86 at an average age of 35.6 years (range, 4—71 years) (On-line
Table 2). Seventy aneurysms (69.3%) involved the anterior circu-
lation, where 48 aneurysms (47.5%) were in the MCA territory, 18
aneurysms (12.9%) were within the ICA, and 9 aneurysms (8.9%)
were within the ACA. Thirty-one aneurysms (30.7%) involved the
posterior circulation, where 17 aneurysms (16.8%) were in the
PCA and 14 aneurysms (13.9%) involved the vertebral artery,



FIG 2. A32-year-old man who presented with headache and diaphoresis. A, Cerebral angiography shows fusiform enlargement of the right PCA
(P2 and P3 segments). B, Six years later, postcontrast MR imaging reveals an enhancing vascular channel on the postgadolinium Tl-weighted image
surrounded by nonenhancing thrombus. Note the associated mass effect and midline shift. C—E, Cerebral angiography demonstrates marked
enlargement of the aneurysm with a tortuous vascular channel.
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FIG 3. A 39-year-old woman who presented with headache. A, Cerebral angiography shows a fusiform aneurysm involving the left MCA M1and
M2 segments. B and C, DSA Tyear later demonstrates marked enlargement of the fusiform aneurysm with sluggish intra-aneurysmal blood flow.

D, Six days later, angiography before endovascular treatment reveals partial intra-aneurysmal thrombosis with the classic doughnut shape
evident.
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FIG 4. A 39-year-old woman who presented with headache and diplopia. A and B, Initial cerebral
angiography shows a giant serpentine aneurysm in the cavernous segment of the right ICA. C and
D, Repeat angiogram at the 2-year follow-up demonstrates that the aneurysm has lost its serpen-

tine formation and acquired a fusiform morphology.

vertebrobasilar junction, basilar artery, posterior communicating
artery, PICA, or superior cerebellar artery (On-line Table 2). The
main presenting feature was symptoms related to mass effect, in
which distinct symptomatology was based on the location of the
aneurysm.*>*'% Although it is generally accepted that serpentine
aneurysms are protected against rupture by the thick fibrous wall,
Suzukietal'' reported a 28% rate of subarachnoid hemorrhage in
39 serpentine aneurysms. Another cause of morbidity and mor-
tality is related to ischemic stroke in the territory supplied by the
serpentine aneurysm.'” In our series, up to treatment time, 2 pa-
tients had distal emboli, whereas a case of rupture was seen in a
single patient who initially presented with headache and refused
treatment and later presented with SAH.

The pathologic examinations of serpentine aneurysms have
shown tortuous vascular channels within old organized thrombus

»6:13-16 The walls of the aneurysms

containing revascularization.
are composed primarily of acellular, fibrous tissue and lack an
internal elastic lamina or endothelial layer.”* Additionally, arte-
rial vessels similar to the vasa vasorum that course through the
adventitial layer of the aneurysm have been described.**

In conservative management of serpentine aneurysms, there is
a high rate of neurologic deterioration and death.'' The aim of
treatment is to decrease the mass effect while maintaining ade-
quate distal circulation. A variety of surgical techniques has been
used in the treatment of serpentine aneurysms. Visualization of
perforating vessels and separation from the parent vessel, brain
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retraction required for proximal con-
trol, and the rich peripheral vascular
supply of the aneurysm could cause
challenges and marked blood loss dur-
ing an operation.*> Additionally, the
outflow channel of the aneurysm sup-
plies the normal brain parenchyma. If
there is inadequate collateral supply of
the brain parenchyma, revascularization
(like ECA-ICA bypass)
may be needed before aneurysm occlu-

procedures

sion.'”"'” We assessed collateral flow by
BTO in certain aneurysms; no Wada
testing was performed in this study
group. We have not performed BTO in
certain regions like the PCA or distal
MCA territory because there is a risk of
endothelial damage with possible retro-
grade thrombosis." Especially for the
PCA supply region, which has a rich col-
lateral supply from the ACA and MCA, a
low incidence of visual field deficits
complicating parent artery occlusion
has been reported.'’

An endovascular approach by parent
vessel occlusion using coils or detach-
able balloons has been successfully used
in cases with an established adequate
distal collateral supply.>”*° Aneurysm
occlusion by trapping or proximal oc-
clusion using coils or glue has been re-
ported.>?" In our series, 11 patients (73.3%) achieved improve-
ment or resolution of symptoms following therapy without
treatment-related morbidity, whereas 3 cases (20%) had distal
infarction, with total resolution of symptoms in 2 of these
patients.

The pathogenesis of serpentine aneurysms is not clear. Unlike
saccular aneurysms, serpentine aneurysms do not have a predi-
lection for arterial branch points, indicating a different patho-
physiology compared with saccular aneurysms.” The most ac-
cepted hypothesis is the Coanda effect proposed by Fodstad et al.®
In their initial report, Fodstad et al treated a giant intracavernous
aneurysm by carotid artery ligation. Following ligation, partial
thrombi formed in the aneurysm with incomplete occlusion of
the aneurysm. Six months later, the incompletely occluded aneu-
rysm evolved into a giant serpentine aneurysm. This transforma-
tion of a saccular aneurysm into a serpentine aneurysm can be
explained by continuing blood flow into a large incompletely oc-
cluded aneurysm. This mechanism is termed as the Coanda effect,
in which the jet flow of blood is directed and reinforced toward
one wall instead of the central portion of the aneurysm."> Subse-
quently, blood flow in the central portion of the aneurysm and
adjacent arterial wall is markedly decreased, with predisposition
to stagnant blood flow and thrombus formation. Because of
thrombus formation, the aneurysm enlarges and evolves into a
serpentine configuration. The Coanda effect also explains the



higher predilection of serpentine aneurysms in the MCA territory
compared with the ICA. The higher jet force of the blood flow
prevents stagnation of blood in the ICA, whereas the jet force of
blood flow is lower in the MCA with predisposition to stagnation
and thrombus formation. Another reason for higher MCA predi-
lection is the absence of dural or osseous structures to limit ex-
pansion of the aneurysm in the MCA territory.*>

In the literature, there are also cases reporting spontaneous
evolution of fusiform aneurysms into giant serpentine aneu-

1>* described a case of a

rysms."”?*2* Initially, Tomasello et a
small MCA fusiform aneurysm that progressed to a serpentine
aneurysm during 5 years. In a similar case, Senbokuya et al” re-
ported a case of a distal ACA aneurysm that evolved into a serpen-
tine aneurysm after 5 months. In our series, there were 2 cases of
spontaneous transformation of fusiform aneurysms into serpen-
tine aneurysms during 6 days to 6 years. In case 3, a fusiform
aneurysm was transformed into a serpentine aneurysm 6 days
later, following diagnostic angiography. Six days later, thrombosis
within the aneurysm and a doughnut-like configuration were
noted. This phenomenon of angiography inducing thrombosis in
a giant aneurysm has also been reported in the literature.>” In this
case, the authors proposed that thrombosis might be related to the
internal thrombosis initiated by the contrast agent used in angiog-
raphy.>> Arterial dissection may also be the initial event in the

development of serpentine aneurysms; Verny et al*®

reported a
case of an MCA dissecting aneurysm that evolved into a serpen-
tine aneurysm during 11 years.

Spontaneous complete occlusion of a giant saccular aneurysm
is a well-recognized phenomenon that can occur in 13%-20% of
cases; however, spontaneous thrombosis in serpentine aneurysms
israrely reported, with 3 cases available in the literature.>*>*” The
first case was reported by Aletich et al,” in which an MCA serpen-
tine aneurysm was spontaneously thrombosed with persistent
thrombosis documented at the 1-year follow-up. Similarly, Sari et
al*® have reported a case of spontaneous and complete thrombo-
sis of a serpentine aneurysm with persistent thrombosis docu-
mented at the 3-year follow-up. Spontaneous occlusion of a ser-
pentine aneurysm can be related to slow blood flow and thrombus
formation.”® Endothelial damage related to turbulent blood flow
may also be an important factor in thrombus formation. How-
ever, even complete thrombosis of a serpentine aneurysm should
not be considered stable because Lee et al*® reported recanaliza-
tion of a completely thrombosed serpentine aneurysm. The exact
mechanism of recanalization is not clear; however, thrombus lig-
uefaction and subsequent intrathrombotic dissection by blood
flow might be involved. In addition to spontaneous thrombosis,
as demonstrated in our series, spontaneous transformation of ser-
pentine aneurysms into fusiform aneurysms may occur. This re-
flects the dynamic nature of intra-aneurysmal thrombosis that
can spontaneously recanalize.

CONCLUSIONS

Serpentine aneurysms are partially thrombosed aneurysms with a
patent, tortuous vascular lumen coursing through the aneurysm.
We presented cases of spontaneous evolution of saccular and fusi-
form aneurysms into serpentine aneurysms during follow-up.
Additionally, a case of spontaneous transformation of a serpen-

tine aneurysm into a fusiform aneurysm is presented, indicating
the dynamic nature of thrombosis involved in serpentine aneu-
rysm pathogenesis.
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