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Objective: Ruptured dissecting aneurysms of the intracranial vertehf arteries exhibit
an extraordinarily high risk for morbidity and mortality ahare prone to re-rupture.
Therefore, early treatment is mandatory to induce stagnath of the critical dynamic
mural process. Appropriate endovascular approaches are sgment sacrice and
reconstruction, however, both carry specic risks and benets. To date most studies
discuss only one of these approaches and focus on one speci cdevice or technique.
Therefore, our study aimed to present our experiences with dith techniques, providing
a considered approach on when to perform endovascular recostruction or sacri ce.

Materials and Methods: We retrospectively reviewed patients with subarachnoid
hemorrhage in our database, suffering from dissecting aneysms of the intradural
vertebral arteries and treated endovascularly in the acutsetting. A total of 16 cases
were included. Clinical history, radiologic ndings and otcomes were analyzed.

Results: In 7 patients a reconstructive approach was chosen with 4 ofitem receiving
stent-assisted coiling as primary strategy. One of the 7 pa&tnts suffered early re-bleeding
due to progression of the dissection and therefore treatmenwas augmented with
implantation of 2 ow diverters. The remaining 2 patients wee primarily treated with
ow diverters in telescoping technique. In 9 patients a decastructive approach was
followed: 6 patients were treated with proximal coil-occleion of the V4 segment, 3
patients received distal coiling of the V4 segment. Two pats died (GOS 1) in the
subacute stage due to sequelae of recurrent episodes of raed intracranial pressure
and parenchymal hemorrhage. Two patients kept severe disality (GOS 3), six patients
had moderate disability (GOS 4) and seven patients showed lurecovery (GOS 5).
None of the patients suffered from a procedural or postprocdural ischemic stroke.
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Schob et al. Deconstruction-Versus-Reconstruction: Ruptured Vertelmbasilar Dissecting Aneurysms

Conclusions:  In patients with good collateral vascularization, proxima or distal
partial segment sacri ce via with endovascular coil occlu®n seems to yield the
best risk-bene t ratio for treatment of ruptured dissectig V4 aneurysms, especially
since no continued anticoagulation is required and possipl essential surgery remains
feasible in this scenario. If possible, PICA occlusion shddi be avoided—although even
proximal PICA occlusion can become necessary, when weighghagainst the risk of an
otherwise untreated ruptured V4 dissecting aneurysm. Comérily, if the dominant V4
segment is affected, the hemodynamic asymmetry prohibits cclusion and necessitates
reconstruction of the respective segment. For this, implais with high metal coverage
treating the entire affected segment appear to be the most pymising approach.

Keywords: dissecting aneurysm, vertebral artery, subarach noid hemorrhage, ow diverter, stent assisted coiling,
segment occlusion

INTRODUCTION 16). Furthermore, surgery related morbidity is inherentlygher
compared to the minimally invasive transarterial technidi@).
Arterial dissections in the domain of the vertebrobasikaritory Similar to the neurosurgical approaches, the endovascular

are an overall rare but important cause for ischemic andreatments comprise deconstructive and reconstructive
hemorrhagic stroke in young patient$)( As described in earlier techniques {7). In the past, endovascular segment occlusion
studies, the anatomical disposition of the terminal vertdbr (parent vessel sacri ce, trapping) using detachable coils bas b
artery segments and their remarkable hemodynamic pro leperformed successfully with high rates of permanent occlusion,
facilitate incremental loss of structural integrity of thecal reliably preventing rebleedingl4¢, 17). Unfortunately, this
vessel wall and thus constitute a unique vulnerability af ¥4  approach carries a signi cant risk of ischemic stroke related
segments for mural injury 4, 3). Accidental intimal damage to perforators of the occluded segment and to hemodynamic
subsequently allows blood to enter the vessel wall with higbhanges in the dependent PICA territoryt4 18). Therefore,
velocity and pressure, dissecting the wall along its layesslting  endovascular reconstruction of dissected vertebral mser
in the formation of a false lumen or intramural hematom@.( has been performed more recently, using a stent-in-stent
Depending on their exact localization and extent vertebridrg  technique, stent-assisted coiling or employing ow divegfi
dissections may very rarely occur without apparent symptomsstents with the aim to prevent ischemic sequelae whilst reggori
infrequently manifest as subarachnoid hemorrhages buttiyos original hemodynamics10, 19-22). As a limitation, all of the
cause neck- and occipital pain, which is frequently followedeconstructive techniques require a relevant period of dual
by posterior circulation stroke 5. If a dissection is located antiplatelet therapy in the setting of SAH, which may jeopaediz
extra-cranially and follows a predominantly sub-intimalucee,  further neurosurgical interventions, such as externaltsiealar
a variable degree of steno-occlusive disease develops asescadrainage or craniectomy.
cerebral ischemia in up to 60% of all patiené ). However, Considering the currently available studies, evidence
the risk for recurrent stroke decreases considerably &flettays regarding the safety and e cacy of the two endovascularmezs
and the overall prognosis with conservative medical treatime is limited to comparatively small case studies focusing timeei
is comparatively goodg). If the intimal tear primarily a ects of them. More speci cally, no clear clinical guideline is avaliga
the intracranial segment or continues intra-cranially dkigh  indicating when to preferably occlude or rather reconstruct a
the dural entry point and then further extends sub-adveatlti, vertebral artery carrying a dissecting V4 aneurysm. Theegfo
a dissecting aneurysm evolves and may rupture primarily othis study aimed to present our experience with patients ticate
secondarily, thus leading to subarachnoid hemorrhage (§AH  for dissecting distal vertebral artery aneurysms in an a84é
Mortality in these patients can be dramatically high, withestip ~ setting, especially considering the actual necessity fssele
to 83% (L0). Also, early rebleeding has been reported to occur ipreservation in context of the individual hemodynamic stioa
9 of 10 patients within 24 h after the initial hemorrhagic etven at hand.
(11). As a consequence, dissecting aneurysms of the intrarani
posterior circulation must be treated interventionally astfas  MATERIALS AND METHODS
possible to prevent further hemorrhage and the higher motidi
associated with repeat rupture. The study with retrospective design was approved by the
Therapy options involve both—open neurosurgical andnstitutional Ethics Committee (local IRB nr. AZ 208-15-
endovascular approaches. Surgically, the aicted segment c&0010062015). Informed consent of each patient regarding the
be treated via bypass, trapping or clipping2{14). However, scientic use of radiological and clinical data was obtained
endovascular approaches are favored since open surgeryscariie writing either from the patient himself or his / her
a high risk of lower cranial nerve palsy and brainstem injut§ (  legal representative.
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Our institutional radiology information system databasasv diagnosed as underlying cause for SAH in case one or
searched for acute SAH cases associated with vertebiobasd combination of the following morphological features was
dissection in the period of January 2010 to May 2018. SAHisible on angiography: focal dilatation, string sign, sudde
severity was graded according to the initial CCT using thduminal tapering, string and pearls, fusiform aneurysmal
Fisher scaleZ3d). Each patient's clinical status ad admission waslilatation or vessel irregularity 26-27). All patients were
assessed and documented using the Hunt and Hess graditrgated under general anesthesia. To prevent catheteriassic
system24). The latest outcome was assessed in the neurovascutaromboembolic events, an initial bolus dose of 5,000 i.pahi@
outpatients clinic or at the time point of discharge from was given intravenously.

our hospital. Depending on the individual location of the dissection
. . . . in context of the specic collateral circulation either a

Diagnostic Angiography and Interventional deconstructive (proximal or distal V4 occlusiom D 9)

Strategy or a reconstructive endovascular therapp © 7) was

Diagnostic digital subtraction angiography (DSA) was parfed  performed. Procedural details and patients characteristics
using either a biplane Siemens system (Axiom Artis, Erlange@re summarized in Table1l (deconstructive group) and

Germany) or a biplane Philips system (Allura, Best, Thelable 2 (reconstructive group) A detailed description of
Netherlands). A dissecting vertebral artery aneurysm wathe respective interventional techniques is provided in

‘,

FIGURE 1 | An example of a dissecting V4 aneurysm causative for SAH Fishgrade 4, Hunt and Hess grade 4, treated with proximal endoascular segment
occlusion. (A) Shows a representative slice of the initial CCT with signi a& SAH. (B) Demonstrates the mural injury of the hypoplastic left-sidgintradural vertebral
artery, visible as tapered narrowing of the proximal V4 segemt in an oblique projection of a left vertebral artery injgion. (C) Image after proximal segment occlusion
in magni ed working projection: two coil loops of the rst coil were anchored intraluminally behind the distal end of the sisected V4 segment in corkscrew technique,
preventing retrograde reperfusion of the dissection siteNote the elliptically shaped, condensed proximal coil burié which occludes the proximal starting point of the
dissection, solidly impeding its anterograde reperfusianD) Depicts the right vertebral artery angiogram, showing disict retrograde perfusion of the remaining left V4
segment, thus securing suf cient supply of small brain stem prforators. Symmetric contrast lling of both cerebellar henispheres directly after coiling, indicating

suf cient blood ow into the entire posterior circulation thiough the unaffected right vertebral artery. The patient didot suffer rebleeding and showed excellent
recovery 3 months after the event (GOS 5).
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Supplementary File A Supplementary File B demonstrates but not included in the study. Spontaneous vertebrobasilar
the corksrew-coiling technique. dissections rarely occur after the 6th decade. However, the
The clinical status after treatment was assessed in tha@dest individual in our patients collective was 81 years
neurosurgical department using the Glasgow outcome scatdd. This advanced age iger seassociated with especially
(GOS) 1-5 after a median time of 4 months (minimum 1 month, high mortality and morbidity after SAH. Also, considering
maximum 8 months), 1 representing death and 5 representinthe aforementioned demographic normality, some of the
good recovery. acutely ruptured pseudoaneurysms may well have been the
result of earlier vertebral artery dissections, suggestimg t
possibility not only of early, but also years later SAH
after initial vertebral artery intimal injury. One of the ses
After thorough review of clinical and radiological data, 16WaS associated with a low velocity motorcycle accident; the

patients were identi ed with acute SAH from vertebrobasilar®Maining cases had no history of preceding trauma. All
dissecting aneurysms. Nine patients were treated with githdatients presented to our emergency department, were treated

proximal or distal V4 occlusion, while seven patients weré/"Ithln 24h of.admlssmn to our. neur.osurgery d(_epartment
treated with a reconstructive approach using either steristess  @nd were admitted to our neurointensive care unit for post
coiling or the implantation of ow diverting stentsTable 1 ~ treatmentsurveillance.

provides information on the deconstructively treated cdiles

and Table 2 summarizes information of the reconstructively Procedural Results

treated patients. Additionally, 11 cases of conclusivesr@nial  In 9 patients decision was made for a deconstructive approach. Of
vertebral artery dissection not manifesting with SAH butthose, 6 patients were treated with proximal segment occlusion
provoking ischemic posterior circulation stroke were idesli, ~ and 3 received distal segment closure.

RESULTS

FIGURE 2 | A representative case of a dissecting V4 aneurysm (SAH Fishgrade 4, Hunt and Hess grade 4) of the right sided, small-sed vertebral artery, treated
with distal endovascular segment occlusion(A) Shows the initial CCT revealing SAHB) Depicts the right vertebral artery pathology, visible as @&l and string sign in
DSA. Note the signi cant PICA branching proximal to the affe&d V4 portion. (C,D) Provide substracted and unsubstracted images of right vegbral artery injections
after distal segment occlusion, leaving the PICA ori ce openStrong opaci cation of the now functionally PICA-terminatig V4 segment. The rst coil, which was
anchored in corkscrew technique within the true lumen of thelistal V4, is securing the dissecting aneurysm whilst impedg anterograde or retrograde reperfusion(E)
The contralateral vertebral artery angiogram, showing symetrical opaci cation of the entire posterior territory afr occlusion of the right-sided dissected V4 segment.
The patient did not suffer rebleeding and showed excellenecovery 2 months after the event (GOS 5).
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In 7 patients a reconstructive approach was followedure 1~ to the case inFigure 3, the coiling catheter was placed into
provides an exemplary case of proximal V4 occlusiéigure 2  the pseudoaneurysm sac and then jailed by the LEO stent
demonstrates a case of distal V4 occlusion. To reconsthet t before the subsequent coil occlusiofigure 5 demonstrates
a ected segment, the following devices were usedEhterprise  the continued endovascular treatment after progress and
stent, 1 LecdC stent, 4 Pipeline Embolisation Device Flex rebleeding of the dissecting aneurysm displayedrigure 4,

2, and 3 p64. An example of stent-assisted coiling for theseven days following initial treatment. Two ow diverters,
reconstruction of a dominant V4 segment dissecting anaurys characterized by the highest surface coverage of all usécedev
is shown inFigure 3. In this case a laser cut stent (Enterprise(p64) were employed in an overlapping manner (telescoping
stent) and the Micrus coil system were used. For this, ther@pili technique) within the LEO-stent carrying segment. With
catheter was initially placed into the dissecting aneurysid a this telescoping ow diverters-in-stent approach, the highly
jailed by carefully deploying the Enterprise stent across th@ynamic dissecting aneurysm was secured and no further
opening of the intimal ap. The stent not only acts to seal th@ a episode of hemorrhage occurrééigure 6demonstrates a case of
but also helps to prevent coil protrusion into the true lumen andendovascular reconstruction of a dissected segment ermgloyi
provides a rather subtile degree of ow diversion. This oschy  overlapping ow diverters in the rst place. As the placement
the induction of numerous eddy currents inthe outer layefith@  of intracranial stents—most importantly of densely woven
bloodstream, evoked by contact of the rapidly streaming ¢loo ow diverters—necessitates dual platelet inhibition to prav
with the coarse mesh of the device, hereby altering the péitaboischemic complications (in-stent thrombosis, thromboemboli
pro le of blood ow. stroke), the following pharmacological regimen was applied:

Figure4 shows the reconstructive approach for aon the day of the procedure 500mg ASA were given L.V.
hemodynamically indispensable V4 segment aected by @uring the intervention, accompanied by a bolus of I8§kg
large dissecting aneurysm using a braided nitinol devibe, t epti batide I.V. before stent placement, immediately folkeav
LEOC, which exhibits a higher surface coverage than they post-operative loading with 300 mg clopidogrel. For the
Enterprise stent, in combination with Micrus coils. Comparablepost-treatment period 100 mg ASA and 75 mg Clopidogrel were

FIGURE 3 | An example of SAH due to a ruptured dissecting aneurysm of theght sided, hemodynamically dominant vertebral artery wolving the PICA ori ce. It was
nally managed through stent assisted coiling using a laserut device (Enterprise stent, Codman Neuro, USAJA) Demonstrates basal SAH.(B) Shows a DSA image
of a right vertebral artery injection revealing the causa# large dissecting aneurysm, which was treated with Entense stent—assisted coiling(D) in jailing technique.
(C) Radiopaque markers of the enterprise stent proximal and dial to the aneurysm.(D,E) Show the successful reconstruction of the affected V4 segmet with
continuous opaci cation of the PICA. Note the placement of themicro-guide-wire in the proximal PICA(C-E) The patient regained self-reliance in the daily routine
(GOS 4) 4 months after the event.
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given orally each day and continued for 6 months if an Entegpri anticoagulatory treatment. This was followed by massive
or Leo stent were implanted and 12 months if a ow diverter wasrecurrent subcutaneous and intracerebral hemorrhages]lyn

implanted. leading to decompressive craniotomy. The patient succumbed t
the hemorrhage related herniation.
Further Course and Outcome There was no rebleeding in the deconstructive occlusive

One of seven patients in the reconstructive group su ered regroup or procedure related complication. Furthermore, there
bleeding after initial reconstruction with a LEO stentiassd was no procedural or postprocedural ischemic stroke, due to
coiling due to progressive dissection and necessitatediaddi  thromboembolism or perforator occlusion in those 9 patients.
endovascular treatmenE{gures 4 5). This was performed using One of the patients in the deconstructive group died after
two p64 ow diverters in telescoping technique and resulted inrepeated recurrent episodes of highly elevated, unconbiella
complete reconstruction of the vessel without further haumf intracranial pressure closely shortly after the initial reemhage
sequelae. Three Patients were treated with Enterprise -ster{ftGOS 1). Two patients had kept severe disability (GOS 3), six
assisted coiling, one was treated with a singular ow dieert patients had moderate disability (GOS 4) and seven patierdts ha
(p64) one was treated with 2 ow diverters in telescopingshowed full recovery (GOS 5)

technique primarily (PED 2 ex) and one was treated with  Direct follow up DSA was available for the 7 cases with vessel
3 ow diverters (PED 2 ex). None of these six patients did reconstruction, our only recently adopted follow-up strgyerow
experience rebleeding. One fatality (GOS1) occurred in theomprises examinations 3 and 9 months after intervention, in
reconstructive group. The patient had been treated with a p6the remaining deconstructive cases the follow-up angiolgia

in the acute phase, but continued to show enlargement ofontrols are at 6 and 24 months after occlusion.

ventricles on CT-scan after removal of the external ventac

drainage. A continuous lumbar cerebrospinal drainage wap|SCUSSION

initiated, but failed to restore CSF circulation su ciemtl As

ventricular enlargement progressed rapidly, a repeat extern&ndovascular techniques have evolved as the treatmenbafeh
ventricular drainage placement was performed under doubléor dissecting aneurysms of the distal vertebral arteriss@ated

et

FIGURE 4 | A case of SAH due to a ruptured dissecting aneurysm of the domiant left sided vertebral artery of a 53 years old male pati¢nwhich was initially treated
with stent assisted coiling using a braided stent (LEO, Balfrance).(A) Provides a representative CCT section showing SAH Fisher agle 4. (B,C) Give the
anteroposterior and lateral DSA images revealing the undging, morphologically subtle dissecting aneurysm closeotthe PICA ori ce. The inferior row of images
(D-F) shows the LEO stent and the adjacent coil bundle after treatent in situ without (D) and with injection of contrast agent(E), demonstrating unremarkable
vertebrobasilar opaci cation (F) (seeFigure 5).
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with SAH. However, no consistent strategy regarding whemelated sequelae and with good GOS outcome scores in all of
to reconstruct or when to occlude an aected V4 segmenthe 6 patients Table 1). In this way, ow reversal within the
has been presented yet. Most published studies in this contes¢maining V4 portion via the contralateral dominant vertebr
favor one specic technique or a singular device and daartery was induced and the angiographically occult braimste
not balance shortcomings with advantages in an equilibrategderforators were sustained or collateralized, as no bramst
fashion. Hence, our study aimed to present our experiencifarction occurred.
with both—deconstructive and reconstructive—endovemcul  On the other hand, if the dissecting V4 aneurysm is only
approaches in the acute SAH setting, proposing a considerageecting the terminal V4 segment of a relatively small or
treatment algorithm. hypoplastic vertebral artery distal to the PICA ori ce, respeet

As exempli ed byFigures 1 2, endovascular coil occlusion segment occlusion is possible without harmful procedureteela
of the a ected part of a small-sized or hypoplastic V4 segmensequelae. In this constellation, su cient anterograde pseifun
for treatment of its dissecting aneurysm may be consideredf the PICA territory is maintained through the proximally
a worthwhile procedure, especially if occlusion of the PICAunaected vertebral artery, and perfusion of the remainder
ori ce is omittable or the size of the respective PICA territds  of the posterior intracranial circulation is delivered byeth
insigni cant. Also, the presence of ahemodynamically siganit ~ dominant contralateral vertebral artery. Also, the preseota
posterior communicating artery, which in case of vertebigilzat ~ signi cant posterior communicating artery, ensuring suppliy o
occlusion secures supply of the midbrain, must be includetién t the midbrain via the anterior circulation in case of vertebasilar
appreciation of the therapeutic algorithm. occlusion, must be considered in this context. In the present

In our patients, occlusion of the dissected part anterior te th study, a good GOS was reached in 1 from 3 patients
PICA ori ce was safely possible without any harmful procedure(Table 1).

FIGURE 5 | The complicated further course of the patient initially teged with stent assisted coiling Figure 4). 7 days after the rst procedure the patient complained
of sudden, predominantly left sided, most severe head and nek pain. Therefore, a CCT was performedA) and showed a signi cant subarachnoid rebleeding
predominantly in the basal cisterns. Note the clearly deptable radiopaque LEO stent in the left V4 segment and the suunding hyperdense subarachnoid blood.
Images (B,C) show the morphologically subtle progress of the previouslyreated dissecting aneurysm of the left V4 segment. To secerthe further distended
dissecting aneurysm—whose proximal and distal endings wernot precisely de nable—two overlapping ow diverters (p64,Phenox, Germany) with highly increased
surface coverage in comparison to the priorly implanted LE®tent were used to safely overlay the whole affected segmen(D) in telescoping technique. Note the
eight circular radiopaque markers at the proximal ending dfoth ow diverters in (D), which are now spanning the proximal and distal end of the prdously implanted
LEO stent. Images(E,F) show the successfully reconstructed vertebral artery witldelayed but complete lling of the ipsilateral PICA. The pati# did not suffer further
rebleeding and regained self-reliance in the daily routingOS 4) 2 months after the event.
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This rationale is in line with the basic idea of Madaelilto this, the probability for brain stem infarction can be as
et al.'s study, suggesting that endovascular parent vessets, high as 50% in proximal segment occlusion, with symptoms
especially if good collateral circulation is at hand, repnese  being commonly mild. In our cohort, three patients received
safe and viable therapy option for dissecting V4 aneurysivs (  distal segment occlusion, considered to be at low risk foirbra
Even in cases where the PICA cannot be spared, the benestem infarction.
of protective coil occlusion entailing PICA ischemia seems t  Six patients received proximal segment occlusion. In four of
outweigh the high risk for mortality and severe morbidity asthose the a ected segment belonged to a unilaterally hypoiglast
a consequence of rehemorrhage following treatment omissiovertebral artery, which in<30% of all cases gives rise to
(28 29. This consideration is corroborated by the fact thatrelevant perforating arteries3g). Thus, the absence of brain
signi cant PICA infarctions are encountered only rarelyteaf stem infarction in our deconstructively treated cohort e
proximal PICA occlusion, as pial collaterals from adjacenbn a favorable anatomical constitution in this regard. To our
branches like the SUCA and AICA often equalize supply of theninds, the application of a precise corkscrew coiling technique
PICA territory (14). substantially contributes to the prevention of perforatorated

However, V4 segments and PICAs regularly give rise tbrain stem infarction. The technique ensures the shortest
relevant brain stem supplying perforating arterie30)( and  possible segment occlusion by precisely obturating the dissect
medullary infarction caused by perforator occlusion as anly, and hereby avoids unnecessary occlusion of precedingly
consequence of endovascular segment occlusion has beem ected perforators.
reported to be associated with poor outcomes)( None of In patients where the dissected V4 segment is rated
our patients developed brain stem ischemia. As demonstratedtemodynamically indispensable, for example if the contraddte
by Aihara et al. 82) the risk for medullary infarction associated V4 is terminating as PICA or it is signi cantly narrower than
with distal segment sacri ce is generally very low (ca. 6%)he aected vessell@), reconstruction of the primary brain
although the symptoms, if manifested, are sevefe (n contrast  stem supplying V4 segment is inevitable (especially if no strong

FIGURE 6 | A patient being treated with 3 ow diverters plus coiling in jaing technique (Fisher 4, Hunt and Hess 4). CC{A) had shown a signi cant subarachnoid
hemorrhage with accentuation in the posterior fossa. ImagéB) shows the underlying dissecting aneurysm of the left sidedjominant vertebral artery located in the
terminal V4 segment.(C) PICA-terminating contralateral vertebral artery, withowuf cient collateral circulation to the posterior circulabn. To promote coagulation
within the pseudoaneurysm, 2 coils were placed carefully wiin the aneurysm sac after implantation of 3 overlapping FE2 Flex ow diverters (D,E). The dissecting
aneurysm was highly fragile as indicated by the subtle growutof the false lumen during the intervention (most obvious vén comparing the morphology of the
pseudoaneurysm in(B,E). (F) Provides the nal injection after successful reconstructin of the segment. The patient did not suffer further rebleedy and is recovering
from the hemorrhagic event (GOS 4).
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posterior communicating artery ensuring midbrain perfusion wall segment and thus inherently carries a higher risk for
case of vertebrobasilar occlusion is present). In scenafitsis rehemorrhage blood extravasation during the intervention
sort, restoration can be achieved using a stent-in-stesftrigjue, namely rebleeding3, 37). Furthermore, a certain period of dual
stent assisted coiling or the application of ow divertei$(19-  platelet inhibition is essential to prevent ischaemic congilims
22), notwithstanding that the use of the latter is most favdealas  secondary to implant-associated coagulation. This in turn
increased endovascular surface coverage has been deatedstrincreases the severity of hemorrhagic complications during
to be associated with lower rates of re-bleeding and recge®f  ventriculostomy, vp-shunt insertion, hemicraniectomy amaict
dissecting aneurysma@-22). bleeding as well as the hemorrhagic transformation of stébac
From a technical point of view, in a number of casesischemic areas exemplarily occurring from vasospasm.
the precise entry point and—most importantly—the exact Limitations of our study are the retrospective design
dimension of the dissection remain inconclusive in DSAcsin and the analysis of only a small number of patients,
the vessel wall is not adequately evaluable using cathatadb not providing enough statistical power to conduct a
angiography §4). Even MRI does not necessarily reveal thecomparative calculation regarding patient outcomes and
detailed intramural pathology during the acute phase, beeaugprocedural complications. Secondly, long-term follow-
initial signal intensities of mural hematomas are ratheniéar up DSAs are not yet performed in all cases and are
to the adjacent tissue and only just become increasinglyestricted to patients that are returning for evaluation to
distinct within the following weeks 35). As a consequence, our outpatient clinic.
the neurointerventionalist may not perform the endovascula  Also, vertebrobasilar dissections rather occur beyondstine
reconstruction in a su cient length, which in this case rd®1 decade. Our collective includes a number of signicantly
in inappropriate covering of the entire dissection, allowingolder patients. This may only be a peculiarity of our
for further incremental mural destruction and leading to study. However, it may indicate the delayed formation
rehemorrhage. Hence, the combined use of a number of device$ critical pseudoaneurysms being responsible for SAH
may become necessary to completely cover the dissectedrsegneven years after the initial vascular injury. Hence, the
and secure the aneurysrhiQure 4). indication for treatment of intracranial vertebral artery
However, endovascular reconstruction inevitably exertglissections should be made also accounting for the
signi cant mechanical forces on th@er sefragile arterial aforementioned possibility.

FIGURE 7 | Interventional algorithm for endovascular treatment of dégcting V4 aneurysms especially considering the hemodynaim situation at hand. Green panels
represent the most favorable option. Arrow thickness indiates higher preferability of the respective approach.
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Outlook be an acceptable alternative. Nevertheless, it is essenkakp

Coil occlusion of an intracranial vertebral artery as one agmh  the occluded section as short as possible to avoid infaraifon

is associated with signicant, most importantly ischemicangiographically occult brain stem perforators.

complications and also may—if not performed su ciently— If the a ected V4 segment is hemodynamically dominant,

allow for delayed antegrade or retrograde perfusion of theeconstruction is inevitable and should be performed with

dissection. In our experience, a precise corkscrew coilingevices o ering the highest possible surface coverage, as thi

technique reduces the risk for ischemic complications angigni cantly reduces the risk for rebleeding. Unfavorably,

reperfusion of the dissected segment: this scenario requires a signicant period of dual anti-
At rst, few loops of the initial coil are carefully anchored platelet medication, which impedes potentially life-saving

in the previously, micocatheter-injection con rmed truerhen,  neurosurgical interventions as external ventricular deaje or

which directly borders the distal end of the mural defecteTh craniotomy and may exacerbate hemorrhagic complications.

anchoring area distal to the wall injury within the adjoigin Thus, the individual hemodynamic situation, preexisting

healthy segment must be kept as short as possible to minimiz®morbidities and the potential need for further neurosurger

the probability for occlusion of (yet unaected) perforators. determine which endovascular approach is most appropriate

Then, the coil is delicately condensed within the mural defe for treatment of a ruptured dissecting V4 aneurysRigure 7

in proximal direction to e ciently seal the distal portion of provides a strategic roadmap which graphically summarizes

the dissection and thereupon prevent its retrograde repesfusi the pre-interventional considerations to identify the most

For this purpose, an utterly compliant, long coil claiming only suitable approach.

a minimal diameter must be employed to avoid unnecessary

transmural force. Finally, the coil packaging is completed iTAUTHOR CONTRIBUTIONS

proximal direction. This way it is sealing the entry site o&th

dissection and prevents its anterograde reperfusion. SS and UQ performed endovascular treatments and drafted
Finally, based on the relative rarity of the condition,the paper. AB, PB, CR, AH, SZ, KK, FA, UN, K-TH, and JM

experience with vertebral artery dissection related SAHai@$  participated in case management and performed review of the

small even in large neurovascular centers. Therefore, wadividual les. FA, UN, KK, and JM performed neurosurgical

ask for the participation of all neurointerventionalists in ainterventions. SZ was responsible for intensive care manage

conjoint, international registry of vertebrobasilar déssion and anesthesia.

associated SAH.
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