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ARTICLE INFO ABSTRACT

Article history: Loeys-Dietz syndrome (LDS) is a connective tissue disorder with associated systemic vas-
Received 26 September 2020 culopathies including intracranial arterial aneurysm formation and dissections. LDS is a
Accepted 6 October 2020 relatively less well-known entity compared with other connective tissue disorders, such as

Ehlers-Danlos or Marfan syndrome, and consequently experience in the management of
the associated intracranial aneurysms is suboptimal. We present a case of surgical clip-

Keywords: ping of a middle cerebral artery aneurysm in a patient with LDS. A 46-year-old female with
Loeys-Dietz syndrome LDS (type III) was found to have a right middle cerebral artery (MCA) bifurcation aneurysm
Cerebral aneurysm following vascular screening. The decision was made to surgically clip the aneurysm after
Endovascular management consultation in our neurovascular multidisciplinary team meeting. A standard right pteri-
Surgical clipping onal craniotomy was performed and the aneurysm was secured with 2 straight Sugita clips.
Connective tissue disorder The temporal M2 branch was noted to be thin walled and this prompted application of the

second tandem clip, rather than risk re-positioning the initial clip. In our case, the MCA

aneurysm neck was robust enough to take a clip without any complications, and therefore

we suggest that the presence of LDS is not an absolute contra-indication to perform open
craniotomy and clipping.

© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

with genetic molecular testing [1,3,4] and there are 4 main

Background subtypes. Transforming growth factor g receptor I and II

(TGFBR1 and TGFBR2) are the chromosomal mutations found
Loeys-Dietz syndrome (LDS) is an autosomal dominant con- in Type I and II LDS. Type III LDS patients have mutations
nective tissue disorder resulting in craniofacial malforma- in the mothers against decapentaplegic homolog 3 (SMAD3)
tions and vascular pathologies. The diagnosis is confirmed gene and mutations in transforming growth factor g 2 ligand
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gene are present in Type IV LDS [1]. LDS patients’ exhibit
defects such as cleft palate, uvula abnormalities, hyper-
telorism, cardiac valve problems and septal defects, cardiac
arrhythmias, pathologic fractures, reduced bone density, os-
teoarthritis, cartilage degeneration, and type I Chiari mal-
formations [1,2]. The literature describes many other clini-
cal presentations including easy bruising, retinal detachment,
cataracts, restrictive lung disease, obstructive sleep apnea
and allergic complications such as asthma, food allergy and
eczema [1]. The reduced life expectancy of LDS patients is pri-
marily due to cardiovascular manifestations [8], eg, aortic dis-
section.

Patients with LDS are also known to have extensive in-
tracranial arterial tortuosity and a high risk of developing
aneurysms and dissections. Once an intracranial aneurysm
is diagnosed and definitive treatment is deemed appropriate
it may be successfully treated either by endovascular coiling
and/or stenting or clipping via craniotomy [5-8| to prevent the
high case fatality and significant morbidity associated with
rupture.

Patient

A 46-year-old female was confirmed to have type III LDS fol-
lowing genetic testing. Subsequent vascular screening iden-
tified multiple aneurysms: aortic root, splenic, right middle
cerebral (MCA) and left posterior cerebral artery. She was
subsequently referred to our neurovascular multidisciplinary
team meeting for further management. The risk of intra-
arterial dissection was deemed significant and because of this
an intravenous DSA (as opposed to the usual intra-arterial
angiogram) was performed in the first instance. The vascu-
lar imaging defined the morphology of the broad-necked 5
mm MCA and the relationship to the M1, the MCA bifurcation
and the M2’s. The iv DSA also confirmed abnormal aneurys-
mal morphology and in the setting of LDS it was deemed ap-
propriate to offer treatment. The management options of an
endovascular procedure (Pipeline stent with dual antiplatelet
therapy) or open surgical clip ligation were discussed. In our
practice, the usual treatment option for a broad-necked MCA
aneurysm would be surgery but in the setting of a connective
tissue disorder there was consideration of whether the neck of
the aneurysm would be sufficiently robust to take the clip. De-
spite our reservations, open surgery was considered the safest
approach.

Treatment

A standard right pterional craniotomy was performed fol-
lowing informed consent. The M2’s, M1, MCA bifurcation,
and broad-based aneurysm were identified. Dissection of the
aneurysm was routine. An approximate 8-mm section of the
temporal M2 branch was noted to be extremely thin-walled,
extending to the MCA bifurcation and neck of the aneurysm.
The neck was secured with a straight Sugita clip; however, on

inspection, we could not be sure that the clip had been ad-
equately placed across the entire aneurysm neck. The deci-
sion was made to place a second clip across the neck, just dis-
tal to the first clip, to avoid repositioning the first clip. There
were no operative complications and the patient recovered
very well from surgery with no neurologic deficits. The post-
operative angiogram confirmed complete obliteration of the
aneurysm and we will continue interval surveillance imaging
of her remaining cerebral vasculature, including the small left
P2 aneurysm.

Discussion

The difficulties of managing intracranial aneurysms in pa-
tients with underlying connective tissue disorders mandate
a multidisciplinary approach with involvement of both inter-
ventional neuroradiology and neurosurgical teams [5-8]. In
LDS patients, endovascular approaches have previously been
used for treatment of ICA, basilar, ophthalmic, and anterior
communicating artery aneurysms [7,8]. There are 3 papers in
the literature that refer to craniotomy and clipping. The sur-
gical approach was chosen in each case given concerns re-
garding potential endovascular complications, such as arte-
rial dissection and thrombo-embolic sequelae. Hughes et al.
reported severe vascular reactivity of the parent vessel dur-
ing intraoperative dissection and papaverine was used to treat
the vasospasm [6]. Such was the reluctance to use tempo-
rary clipping with the inherent risks to the ICA vessel wall in-
tegrity, temporary chemical circulatory arrest was instigated
prior to clipping. Rahme et al. also utilized temporary flow
arrest for a similar ophthalmic aneurysm, though in con-
tradistinction, Carr et al. used brief temporary clipping of a
PICA without causing significant vessel wall injury in an LDS
patient [5,9].

The dangers of operating on aneurysms in patients har-
boring the more common connective tissue disorders may
also influence decisions to treat, operative risks, and techni-
cal nuances. A review of 4 Ehlers Danlos syndrome cases that
were surgically treated highlighted a patient who died as a re-
sult of surgery and this was directly attributable to blood ves-
sel fragility [10]. Additionally, histologic confirmation of focal
damage and weakening of the internal elastic lamina of the
aneurysm wall has been reported in Marfan syndrome, sug-
gesting that clipping an aneurysm in this setting may also be
associated with elevated risks [11].

During our case, we also had the mindset to avoid tem-
porary clipping and fortunately this was not required. Fur-
thermore, the standard dissection of the aneurysm and par-
ent vessels did not result in vasospasm. The aneurysm itself
outwardly appeared similar to a standard broad-necked sac-
cular aneurysm but the temporal M2 vessel was notably dif-
ferent, appearing extremely thin-walled, and this abnormality
extended to the bifurcation. The first clip was placed across
the neck but the reluctance to gently mobilize the aneurysm
resulted in an inability to define whether the clip had obliter-
ated the entire aneurysm. Normally, this situation would have
prompted repositioning of the clip, but the underlying vas-
cular fragility led to concerns that the junction of neck and
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Fig. 1 - Digital subtraction angiography: posterior view of 5

mm right MCA bifurcation aneurysm.

Fig. 2 - Digital subtraction angiography: post clipping.

parent vessel was less robust and therefore prone to damage.
The prospect of a vessel tear at the base of the unruptured
MCA aneurysm was such that we favored placement of a sec-
ond clip just distal to the first. The postoperative iv DSA con-

firmed the aneurysm was secured (Figs. 1 and 2).

Conclusion

To our knowledge, this is the first reported surgical clipping
of a middle cerebral artery aneurysm in the setting of LDS.
LDS is a less well-known connective tissue disorder but is also
associated with intracranial aneurysm formation. The man-
agement of the intracranial disease requires an understand-
ing of the published literature and close discussion between
the interventional neuroradiologists and the cerebrovascular
neurosurgeons. Endovascular management of the intracra-
nial aneurysms in LDS is well reported [7,8] and we add our
surgical case to the growing literature of LDS patients treated
with open craniotomy. Although clipping is a viable option the
increased risks associated with temporary clipping and vessel

fragility have to be considered with aneurysms in the clinical
setting of a connective tissue disorder.

Patient consent

Patient consent for publication of this case was obtained.
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