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ABSTRACT

A cerebral aneurysm is a saccular or tubular-like deformity of the arterial vessel wall which is
usually thinner. The rupture of a cerebral aneurysm is associated with a high morbidity and
mortality by causing an aneurysmal subarachnoid haemorrhage (aSAH). Treatment, which
can be surgical or endovascular, aims to isolate the aneurysm from the normal blood
circulation to prevent rupture. The decision to treat is based on several factors, including size,
location, shape of the aneurysm, patient age, potential co-morbidities, potential risks
associated with aneurysm treatment.

The aim of this thesis has been to report the long-term outcomes, both neurological and
radiological, in patients that have been treated for an cerebral aneurysm, both ruptured and
unruptured.

In study I, the neurological long-term outcome in patients that have previously suffered an
aSAH was good, despite this; more than 60% of the patients still reported mental fatigue of
some degree.

Study II assessed the neurological and radiological outcome in patients with refractory
cerebral vasospasm that received intra-arterial nimodipine (IAN). We could with this study
conclude that the majority still suffered an ischemic cerebral infarction and that a good
clinical recovery was seen in almost half of the patients.

In study III, an 18-year follow-up in patients previously treated for an intracranial aneurysm
(IA) was performed where we identified 13.6% of these with a de novo aneurysm.

In study IV, we performed a single centre follow-up of patients that had been treated at our
institute with a flow diverter where we in the follow-up identified three-quarters of the
aneurysms treated to have an aneurysm occlusion and that patients >70 years had a lower
occlusion rate.

Conclusion and implications: A longer neurological and radiological follow-up time is
deemed necessary, especially in the younger patient population, after having been diagnosed
and treated for an intracranial aneurysm. A majority of the patients receiving intra-arterial
nimodipine suffered a cerebral infarction; despite this, approximately half of all patients had a
good neurological outcome after 6 months. Flow diverters have an acceptable occlusion rate
in patients <70 years of age, and this treatment offers a reasonably safe alternative in patients
with aneurysms posing a high risk of causing potential harm to the patients.
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SAMMANFATTNING PA SVENSKA

Bakgrund

Aneurysm (pulsaderbrack) i hjarnan uppstar till foljd av kérlsjukdom dér en
fortunning av en del av kirlviaggen har skett och en utbuktning uppstar med
tidens gang. Denna utgdr sjidlva aneurysmsécken, och dess vigg dr mycket skor.
Forekomsten av aneurysm i den vuxna populationen uppskattas till mellan 1 och
5 %, men det dr vanligare hos patienter med polycystisk njursjukdom, Marfans
syndrom, Ehler-Danlos syndrom typ 4 och fibromuskulér dysplasi.'*?
Subaraknoidalblodningar orsakade av brustna aneurysm, blédning mellan
hjdrnans hinnor, ér en allvarlig form av stroke med hog dodlighet och med hog
risk for neurologiska handikappande bortfall av olika grad. Dessa blodningar
motsvarar cirka 5% av alla stroke och brustna aneurysm star for cirka 85% av
alla subaraknoidalblodningar. Merparten av patienter som insjuknar genomgar
akut atgird av sitt aneurysm, inom 24 timmar i de flesta fall, via den
endovaskulidra metoden eller via 6ppen mikrokirurgi, Idmplig behandlingsmetod
beslutas individuellt av erfaren neurokirurg tillsammans med
neurointerventionist. Sjélva behandlingen och rehabiliteringen tar i regel lang tid
dér risken for att drabbas av neurologiska bortfall r som hogst de forsta
veckorna efter genomgéngen blodning. Efter att ha genomgatt endovaskulér
behandling har vi ett uppfoljningsforlopp pa 3 ar dar man ett ar efter behandling
genomgér en karlrontgenkontroll och tva ar efter denna en
magnetkamerakontroll av hjarnans kérl, s& kallad MRA. Ser samtliga steg bra ut
sé har patienterna sléppts avseende vidare radiologisk och klinisk uppf6ljning
oavsett alder pa patienten. Efter 6ppen mikrokirurgi genomgar patienterna i
regel en klinisk kontroll efter 3 manader och har man d& métt bra s& har man
friskforklarats och sldppts avseende vidare kontroller, bade kliniska samt
radiologiska, oavsett alder. Senaste aren har vi dessvirre mérkt av att patienter

efter dryga tio ar eller ldngre tid efter behandling aktualiserats anyo da de
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inkommit med nya subaraknoidalblédningar fran antingen en halsrest som
tillvuxit eller ett nytillkommet aneurysm som inte noterats pa de dldre
rontgenundersokningarna, ett sa kallat de novo aneurysm. Vi har i samband med
dessa patienter dven noterat att manga av dessa som aterfatt en ny blodning
aldrig riktigt kunnat aterga till livet de levde innan sin blédning. Ménga hade
fortsatt uttalad trotthet vilket hindrat de att aterga i arbete. Med anledning av att
vi kinde ett behov av att kunna undvika att man far en ny
subaraknoidalblddning efter det att man blivit friskforklarad beslutade vi oss for
att genomfora en langtidsundersokning av de patienter som behandlats hos oss
dels for att undersoka hur aterstillda patienterna var neurologiskt men &ven hur

pass héllbar deras behandling ar pa sikt.
Metod

I delarbete 1 har vi gjort en neurologisk och radiologisk langtidsuppfoljning pa
de patienter som insjuknat med en aneurysmal subaraknoidalblodning (aSAH)
och som randomiserats till antingen endovaskulér behandling (EVT) eller
mikrokirurgisk behandling (MST) mellan aren 1997-2001. Neurologiskt
outcome bedomdes via modified Rankin scale (mRS), fatigue graderat i enlighet
med Mental Fatigue Scale (MFS), och radiologisk outcome bedémt via
magnetic resonance angiography (MRA). Mental fatigue scale (MFS) for denna
grupp jdmférdes med en kontrollgrupp.

I delarbete 2 undersoktes retrospektivt de patienter med refraktér cerebral
vasospasm som genomgatt en intraarteriell nimotopbehandling mellan aren
2009-2020. Neurologiskt outcome via modified Rankin scale (mRS)
undersoktes efter 30 dagar och 6 manader. Férekomsten av cerebrala infarkter
efter behandlingen identifierades likasa komplikationer relaterade till ingreppet i

samband med behandlingen.

Delarbete 3 gér ut pd att efter mer &n 18 &r kunna se de radiologiska resultaten

efter att ha genomgatt endovaskuldr behandling for ett aneurysm. Vi ville se om
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det gick att detektera om nagra nytillkomna sa kallade de novo aneurysm har
tillkommit nér vi jamforde med deras senast tagna radiologiska undersékning av

hjarnan.

I delarbete 4 har vi valt att gora en léngre tids uppfoljning av endovaskuldr SILK
stent behandling av aneurysm intrakraniellt. Var tanke &r att kunna se hur denna
behandling héller sig pa sikt och vad som hénder i det behandlade kirlet, i

aneurysmet och ev intilliggande ischemier 1 omkringliggande hjarnparenkym.
Resultat

I delarbete 1 var merparten som svarade vid gott neurologiskt status idag, trots
detta var det en fler 4n 60% som fortsatt upplevde uttalad trétthet. Vi kunde
ocksa konstatera att det inte var en helt obetydande andel patienter som var i
behov av ytterligare uppfoljning alternativt behandling for nyupptiackta

aneurysm och/eller halsrester.

Delarbete 2 kunde vi se att patienter som beddmdes vara i ett simre neurologiskt
skick efter 30 dagar forbattrades neurologiskt vid 6 manaders uppfoljning. Cirka
60% av patienterna utvecklade infarkter trots intensiv behandling med

intraarteriell nimotop och 21% drabbades av procedurrelaterade komplikationer.

Delarbete 3 visade att ca 13.6 % av patienterna som genomgétt
langtidsuppfoljning utvecklat nya aneurysm dér ca hilften genomgatt fornyad
behandling for sitt de novo aneurysm >18 ar efter att ha genomgétt sin initiala

behandling.

Delarbete 4 visade att 73.8% av de inkluderade patienterna uppnadde en
ocklusionsgrad pé 73.8% inom 14 manader efter behandling. Cirka 15.6%
drabbades av procedurrelaterade komplikationer. Om patienterna var 70 ar eller
dldre hade de ett simre behandlingsresultat inom 14 manader jamfort med de

patienter som var yngre dn 70 ar.
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Slutsatser

Langtidsuppfoljningen i forsta studien bidrar till kunskapen om att patienterna
hittills inte genomgétt tillricklig uppfoljning dé det pa sikt finns en inte helt
obetydlig risk att drabbas av en blodning igen fran ett nytt aneurysm alternativt
en halsrest, och behdva ga igenom samma procedur i form av behandling samt
aterhdmtning om man lyckas 6verleva en andra géng. Lyckligtvis ror det sig inte
om en stor andel patienter men resultaten dr forstés viktiga for varje enskild
patient. Att &ndra och forldnga var uppfoljning ar angeliget for att kunna
identifiera patienter som har hog risk att utveckla nya aneurysm och kunna

behandla dessa i tid.

Studien som utvirderat den experimentella behandlingen i form av intraarteriell
nimotop har kunnat bidra till att ge oss béttre forstaelse for de fordelar och risker
som finns med denna behandling. Fyrtio procent av de som fétt IAN klarade sig
utan infarktutveckling, medan 21% fick en komplikation till behandlingen,
dodsfall inom 30-dagar relaterad till svar vasospasm drabbade 8% av
patienterna. IAN kan vara till nytta vid svar vasospasm dar risken for bestdende
skada eller dod &r stor, men med tanke pa att det finns betydande risk med
behandlingen bor den endast erbjudas i utvalda fall dar konventionell behandling

ar otillracklig.

Avseende risken for att utveckla de novo aneurysm lutar var studie at att man
bor rekommendera en léngre tids uppfoljning av den yngre patientgruppen som
drabbats och/eller dtgérdat ett aneurysm i yngre alder under en langre tid i deras

liv.

Flow diverter behandling ar i nuldget en relativt sdker behandlingsmetod for
fusiforma aneurysm, i synnerhet de som tidigare bedomts som svarbehandlade

eller dir ingen annan lamplig behandlingsmetod existerat.
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1. INTRODUCTION

An intracranial aneurysm (IA) is a pouch-like abnormality in the walls and
branching sites of the intracranial arteries. Most IAs remain asymptomatic and
never rupture. If an aneurysm ruptures, blood can extravasate into the
subarachnoid space surrounding the brain that is filled with cerebrospinal fluid
(CSF), resulting in a subarachnoid haemorrhage (SAH).*> There might also be
intracerebral (ICH), intraventricular (IVH) or subdural (SDH) hematoma
related to the haemorrhage. Subarachnoid haemorrhage (SAH) accounts for
about 5 % of all strokes and poses a significant risk of mortality and permanent
neurological morbidity.® The advancement of neuroimaging techniques, such
as magnetic resonance angiography (MRA) and computed tomography
angiography (CTA), over the last two decades has led to an increased diagnosis
of non-ruptured or incidental 1As.” This has, in turn, simplified the follow-up
of patients with previously treated [As and increased the consideration of

treatment for non-ruptured aneurysms.

A patient suffering from an aneurysmal subarachnoid haemorrhage (aSAH) can
usually expect a period of intensive in-hospital treatment and a long
rehabilitation. The neurological outcome after an aSAH is dependent upon the
damage caused by the initial bleeding, the occurrence of disease-related
complications (vasospasm, hydrocephalus and rebleeding) and complications
from the treatment of the aneurysm.®!! As the mean age in patients with an
aSAH is 55 years thus most patients have an expected remaining lifetime of
more than 25 years, more data is needed on the long-term neurological and
radiological outcome after an aSAH.'>!* As the frequency of formation of de
novo aneurysm after treatment of an intracranial aneurysm remain scarce, more
data and guidelines are needed regarding the follow up regimen in the long
term. This is especially important in the younger patient population suffering

an aneurysm.
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Severe vasospasm can lead to stroke in up to 30 % of patients, and intra-arterial
administration of nimodipine has emerged as a promising method to reduce

vasospasm, but few studies have addressed the efficacy of this treatment.'#16

Some aneurysms affect the entire wall of the vessel and cannot be treated by
excluding the aneurysm from the circulation. For such aneurysms, the
endovascular insertion of a “pipe-line” device or stent has become the
preferred treatment method, but there is limited data on their long-term

results.!”18

1.1 EPIDEMIOLOGY

The estimated prevalence of intracranial aneurysms in the population is
approximately 5 %. However, only a small percentage show symptoms such as
aSAH, mass effect or distal thrombosis.!”!® The annual average risk of rupture
of an aneurysm is 0.4 — 2.2 % in previous studies.!*?® Other causes of SAH
include trauma, Reversible Cerebral Vasoconstriction Syndrome (RCVS),
arteriovenous malformation (AVM) and dural fistulas. Unlike aSAH, non-
aneurysmal SAH generally has a favourable long-term prognosis with very low

rebleeding and mortality rates.?’’

The mean age of aSAH patients is around 55 years, affecting individuals in their
working years.'*? Previous studies have shown that the ability to return to work
is important for life satisfaction and for well-being. Studies show that the rate of
return to work varies between 10-70%.°! Patients suffering an aSAH with a good
neurological outcome still report cognitive symptoms several years after
discharge making it harder for patients to get back in to their normal daily
routine. The most common cognitive symptoms reported are impairment of

memory, executive functions, and attention.>
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The condition affects both genders but is more prevalent in females who smoke
and suffer from hypertension.!*° Polycystic kidney disease, connective tissue
disorders, and a strong family history of aneurysms are known associated
comorbidities. The risk of [As is 2-3 times higher in families with a history of

IAs, and about one-third of IA patients have multiple aneurysms.'>!

The precise mechanism of IA formation remains unclear, though they are
generally considered acquired lesions."* Morphologically, IAs are typically
classified as saccular, characterized by a pouch-like protrusion, or fusiform,
where the entire arterial segment dilates without a distinct base or neck, see

figure 1. Most IAs are saccular and arise at arterial branching sites.>*

Figure 1 shows a saccular aneurysm to the left and a fusiform aneurysm to the right.

Tllustration licenced by Shutterstock and modified by T. Rdmunddal.

1.2 RUPTURE OF INTRACRANIAL ANEURYSMS

Rupture of an IA is the leading cause of nontraumatic SAH, accounting for
approximately 85% of SAH cases. Most [As remain clinically silent until they
rupture causing an aneurysmal subarachnoid haemorrhage (aSAH)*** While
aneurysm size, gender, age, hypertension,and smoking status have been
examined as predisposing factors for IA development and rupture, there are

complexities in predicting ruptures.3*33
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Aneurysm size has for many years been considered a risk factor for rupture of
IAs. The largest study on unruptured saccular [As, the International Study of
Unruptured Intracranial Aneurysms (ISUIA), reported that the rupture rate for
aneurysms smaller than 7 mm was significantly lower than for those larger
than 7 mm.* However, in both the ISAT study and in our clinical experience
we see many IAs smaller than 7 mm rupture and cause a subarachnoid
haemorrhage (SAH).'*3® Aneurysms located in the posterior circulation and
aneurysms arising from the posterior communicating artery (PcomA) pose a
higher risk of rupture relative to anterior circulation aneurysms.** Anterior
communicating Artery aneurysms (AcomA) have the highest rupture rate
among the anterior circulation aneurysms.>® A recent review published that the
anterior communicating artery and posterior communicating artery have the
highest risk of rupture. They also found indications of the fact that
hyperlipidemia and atherosclerosis had a protective effect on aneurysm
rupture.®’ Intracranial aneurysms are more frequently diagnosed in women,
with women being 1.6 times more likely to experience aneurysmal SAH than

men. 33839

Women face a higher risk of aneurysm rupture, particularly post-menopause,

possibly due to the effects of oestrogen on the vascular wall.?

The annual rupture risk of IAs increases cumulatively with age to peak
between 40-65 years of age.*’ In patients with a family history of aneurysmal

SAH, the IAs tend to rupture at a younger age.*!

Hypertension is the most frequently reported health condition associated with
the formation of IAs and their subsequent rupture.® Hypertension has also been
found to be a risk factor for multiple IAs and for the rupture of smaller [As
(below 7 mm).*' Smoking and alcohol consumption are lifestyle risk factors

associated with aneurysmal SAH.?
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1.3 DIAGNOSIS

Clinically, patients with aSAH commonly present with a sudden, severe
headache, nausea, vomiting, neck pain, photophobia, and possible loss of
consciousness. At the physical examination patients have a neck stiffness,
might have associated retinal haemorrhage and/or a wide range of various
neurological deficits depending on the extension and location of the
haemorrhage. Computerized tomography (CT) of the brain is highly sensitive
(95-100%) in the detection of the SAH. A lumbar puncture is indicated only
when patients are presenting with the above-mentioned symptoms and the
brain CT shows no signs of SAH. Most patients also do a CT angiography
(CTA) at the same time when there is a suspicion of this diagnosis, this should
always be done at the same time as the plain CT of the brain. Next step is
usually, depending on what the CTA has shown, digital subtraction
angiography (DSA).*

Currently, there are several grading systems for describing the patients’ clinical
condition and prognosis. One of these is the World Federation of Neurological
Surgeons scale (WFNS).* Also, the amount and extension of SAH on the CT

is graded according to the Fisher scale.*

Not all [As are detected when patients are suffering an aSAH, some are
detected when causing mass effect or distal thrombosis. With advancements in
neuroimaging techniques, there has been a surge in the diagnosis of non-
ruptured or incidental IAs. This has led to a rise in considering treatment for

non-ruptured aneurysms.*’

1.4 MANAGEMENT

The first step is to prevent rebleeding in patients with aneurysmal SAH,
depending on the routines in different institutions, patients are given

tranexamic acid in order to stabilize the clot at the aneurysmal rupture site.*®



Jennifer Samuelsson Rdmunddal

All patients with a Glasgow Coma Score (GCS) below 8 are intubated at all
times, patients in the need of a transfer to larger hospitals with a neurosurgical
facility and on the verge of being unconscious are all intubated before
transport.*’*® Patients presenting with associated hydrocephalus are given
ventricular drainage acutely. All IAs are generally treated within 24 hours to
prevent re-rupture, as rebleeding carries a mortality rate of 70-90%.%%
Following this, the main goal is to manage the complications with a SAH,
particularly cerebral vasospasm (CVS). Intravenous nimodipine is given to all
our patients as a vasospasm prophylaxis for three weeks post ictus. Usually the
patients are given oral nimodipine after 1 or 2 weeks depending on different
routines at different neurosurgical clinics. The use of nimodipine has been
shown to reduce the risk of a poor outcome after suffering an aSAH with

40%.%° Nowadays, when all medications and neurointensive care fails,

endovascular methods are being increasingly used to treat CVS.50!

Sudden or gradual onset of decreasing level of consciousness, worsening
headache, neurological deficits such as affected speech and/or motor deficits
are all clinical symptoms of CVS. Cerebral vasospasm (CVS) after aSAH is the

second most common cause of mortality, after rebleeding from the aneurysm.*?

Severe CVS is a dominant factor of secondary morbidity and mortality after
aSAH.?"?%53 However, with new protocols in the management of SAH, the
combined risk of death and long-term disability have been reduced by
approximately 10% compared with the past.>* Also, with modern SAH
management, CVS will lead to brain infarction with permanent disability in up
to 47 % of SAH patients.”> CVS is detected in approximately 70% of all
patients with SAH, around 30% having verified angiographic vasospasm are

clinically symptomatic.>®

Delayed Cerebral Ischemia (DCI) is defined as clinical or radiographic signs of

ischemia and is an important cause of morbidity contributing to poor outcome
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after SAH when associated with cerebral infarction.””>® One main cause for
DCI has long been considered to be vasospasm identifiable on angiography.
Hydrocephalus or seizures are other complications of aneurysmal SAH.%*
More common anaesthesiologic complications include stress cardiomyopathy

and neurogenic pulmonary edema.®'-%*

2. RADIOLOGICAL METHODS FOR DIAGNOSING IA

The gold standard for detecting IAs, if not shown on CTA, is digital
subtraction angiography (DSA). It can very well show the localization of the
1A, shape and size. It is, however, an invasive procedure, which can be
associated with complications such as stroke, bleeding from puncture site and
thrombosis amongst some of the complications.% The overall complication rate

for a DSA has been reported to be up to 5%.%

The use of non-invasive techniques, mainly CTA nowadays, when patients
present with an aSAH has largely replaced DSA when evaluating the cerebral
vasculature and the decision planning for adequate further microsurgical or
endovascular treatment. The majority of data in the literature showed that CTA
has a good diagnostic efficiency which is comparable to DSA with a high
sensitivity, specificity and accuracy of 95-98 %, 90-100 % and 94-98 %,
repectively.®’” Due to the comparability to DSA, sensitivity and specificity but
also due to the short scanning time and the fact that it is a readily available
technique, the CTA is the preferable radiological technique for patients
presenting with an aSAH. The CTA also enables the surgeon and
neurointerventionist to do a 3D reconstruction which helps when it comes to

planning the most suitable treatment strategy.

Magnetic Resonance Angiography (MRA) is another adequate non-invasive
technique mainly used for screening for or for the follow-up of unruptured IAs

but usually not for emergency cases due to its limited availability during off-
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hours, difficulty to complete MRI safety checklist in emergency settings and
lastly due to the fact that a radiologist experienced in reading MRI scans might
not be available.®® This diagnostic tool is unfortunately not possible in patients

with non-MRI compatible implanted devices such as some pacemakers.

The MRA techniques usually used are Time of Flight (TOF-MRA) and
Contrast-Enhanced (CE-MRA) and is a commonly used non-invasive
examination for the detection and characterization of intracranial aneurysms.*
TOF-MRA is standardly applied, CE-MRA is only applied when asked for.
Regarding the evaluation of intracranial aneurysms, CE-MRA is superior to
TOF-MRA for assessment of sac shape, detection of aneurysmal neck, and
visualization of branches originating from the sac or neck itself.”” Regarding
TOF-MRA, the sensitivity and specificity for aneurysms that have previously
undergone endovascular therapy were 88% and 94%, respectively. For CE-
MRA, the sensitivity and specificity were 88% and 96%, respectively. For
those patients that had previously undergone stent-assisted coiling (SAC) and
flow diverter treatment (FD), sensitivity and specificity of TOF-MRA were
86% and 95%, respectively. CE-MRA had sensitivity and specificity of 90%
and 92%.7173

The magnetic resonance imaging (MRI) technique is continuously evolving and
so has the TOF-MRA which has become better when it comes to dealing with
artefacts from the stents but also when evaluating the shape and size of the

aneurysm.
3. TREATMENT OF INTRACRANIAL ANEURYSMS

Walter Dandy performed the first clipping of an internal carotid artery (ICA)
aneurysm in 1937. Due to the efforts of Yasargil in the 1960s, microsurgery for
IAs began.” Microsurgery remained the only definitive treatment until the

early 1990s, which is the time point when the endovascular treatment era began



Jennifer Samuelsson Rdmunddal

to slowly enter the field.° The present era in the endovascular treatment of IAs

using detachable coils was initiated in the early 1990s by Guglielmi.”

With microsurgery, treatment of an IA is based on excluding the aneurysm
from the intracranial circulation and various branches of the normal
intracranial vasculature. The aneurysm neck is included in the clipped area
whilst maintaining the normal vasculature and avoiding parenchymal injury.”®
Aneurysm clipping is performed by vascular neurosurgeons with extensive

experience and training in this complex surgery.

Each patient is individually assessed when diagnosed with an intracranial
aneurysm. Two types of treatments exist for patients with both ruptured and
unruptured aneurysms, the endovascular method (EVT) and the microsurgical
method (MST). Factors such as age, co-morbidities, neurological status, size
and location of aneurysm is also taken into consideration when choosing the

most adequate treatment for each individual patient.

Endovascular treatment for intracranial aneurysms was initially intended for
those aneurysms that were difficult or more surgically inaccessible, especially
for patients with complicating co-morbidities or for those with aneurysms in
the posterior circulation (basilar tip aneurysms for example). After publishing
the initial result from the International Subarachnoid Aneurysm trial (ISAT)
study in 2002, which deemed endovascular treatment a safe treatment option,
management strategies changed worldwide.'? The endovascular treatment
method became gradually the first choice of therapy in many hospitals
worldwide.”’

A fairly new-generation treatment are the flow diverter stents that are placed in
the parent artery at the level of the aneurysm neck to disrupt the intra-
aneurysmal flow in order to promote intra-aneurysmal thrombosis. There are
some series that have reported up to 85% occlusion rate at the first post-

procedural follow-up after three months.”® Based on these and other data, we



Jennifer Samuelsson Rdmunddal

have at our institute, switched from our regular follow-up comprised of a
follow-up DSA one year post procedure and a 3-year follow-up MRA, to a 1-
year follow-up MRA. Seeming as the risk of aneurysm recanalization is not
insignificant in the long term (0.7% rebleeding rate at one year'?) this flow
diverter treatment has been used more widely due to the results seen so far.
However, patients are in the need of dual antiplatelet therapy months after when
compared to coil embolization where a regimen of single antiplatelet therapy for
a few months post procedure is used. There is no real consensus when it comes
to the medical strategy post neurointerventional procedure. Most flow diverter
devices in our series have been used in unruptured aneurysms due to the delay to
obtain complete occlusion, which could be considered as a limit of its technique.
The rate of complete occlusion in the long term would be interesting to define

seeming as not many studies have been made yet.
4. OUTCOME

Spontaneous aneurysmal SAH carries a mortality rate of up to 35%.”°
Approximately one-third of all survivors remain severely disabled and
functionally dependent.'***” The overall prognosis depends on the volume of
the initial bleed, rebleeding and the degree of delayed cerebral ischemia (DCI),
which is one of the most important causes of morbidity and mortality in these
patients.?’2880 A gtudy following patients that suffered an aneurysmal SAH at
6 months and 1 year showed that more than half of the patients scored a better
mRS score at the first follow up at 6 months but not an insignificant number
still made progress at 1 year and went from a bad neurological outcome (mRS

3-5) to a good neurological outcome (mRS 0-2).8!

Previous studies have shown that the outcomes for those patients with aSAH

and ICH from a ruptured IA were worse.5?

Fatigue is commonly reported after aSAH and can be a major obstacle in
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resuming the previous life of the patient, also several years after the bleeding
and in patients with a good functional outcome as assessed by standard
outcome measures.*>® It is a debilitating long-term neurological sequela that
significantly impacts the patient’s ability to work and their social life.}” Only
one previous study has reported on the prevalence of mental fatigue more than
15 years after aSAH.% This kind of fatigue in comparison to the “normal”
fatigue appears more quickly and during non-demanding tasks and recovery is
not complete despite rest. It limits physical and cognitive tasks, interferes with
rehabilitation and return to work.

Assessment of fatigue is difficult and not a lot of treatment studies have been
made, neither pharmalogical nor therapeutical.® In order to try and assess the
degree and severity of mental fatigue a group of researchers developed the
Mental Fatigue Scale (MFS).” The MFS comprises 15 items regarding the
mental aspects of fatigue including cognitive and sensory symptoms, and
evaluating their intensity, frequency and duration. This scale is nowadays not
only used for assessing mental fatigue in patients that have suffered brain
injuries but also as a follow up in various diagnoses.”! However, they also
concluded like previous studies that more knowledge of the origin of mental
fatigue and its underlying mechanisms is needed in order to develop a more

targeted therapeutic method.”*"?
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5. AIMS

5.1 Study L.

The aim was to report the long-term follow-up of the neurological and
radiological outcome in the patients included in the ISAT from the Western part

of Sweden >15 years after experiencing an aSAH.

5.2 Study II.

The aim was to evaluate the neurological and radiological long-term outcome in
patients previously treated with intra-arterial nimodipine (IAN) in relation to

cerebral infarction, procedural related complications and clinical outcome.

5.3 Study III.

The aim was to determine the rate of de novo aneurysm formation in previously
treated aneurysms at our institute, both ruptured and unruptured, in the long term

(>18 years).
5.4 Study IV.

The aim was to do a radiological and neurological follow-up of patients that had
undergone SILK stent treatment at our institute and to evaluate their long-term

results.
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6. METHODS

6.1 Study I.

In our first study, the aim was to report neurological and radiological outcome
>15 years after an aSAH in patients from the Western part of Sweden. The
patients were initially included in the ISAT study (1999-2002) and randomized
to either endovascular or microsurgical treatment. We included 46 patients that
had undergone treatment at the time of ISAT, 18 had MST and 28 had EVT,
additionally we managed to collect 5-year data from some patients that
unfortunately were not able to be included in the 15-year follow-up. We could
grade the neurological outcome for all the included patients, both current and
the neurological outcome for the patients in the 5-year follow-up. Twenty-nine
patients agreed to do a radiological follow-up. Moreover, alongside the
questionnaires sent out to the patients, we included the mental fatigue scale
(MFS), a valuable tool for assessing the levels of fatigue experienced by

patients more than 15 years after their initial aSAH event.

6.2 Study II.

In our second study, the aim was to evaluate the neurological and radiological
outcome in patients treated with intra-arterial nimodipine (IAN) in relation to
cerebral infarction and clinical outcome. We included 48 patients with

refractory CVS in the time period of 2009-2020, they all had IAN.

6.3 Study III.

In our third study, our aim was to conduct a long-term follow-up (>18 years) to
determine the rate of de novo aneurysm formation in patients previously
treated at our department for both ruptured and unruptured aneurysms.
Magnetic resonance angiography (MRA) is a part of the radiological follow-up
in most institutes. We assessed the rate of de novo aneurysm formation using

MRA. Variables associated with de novo aneurysm formation were analysed.
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6.4 Study IV.

In our fourth study, we aimed to report a neurological and radiological long-
term follow-up of patients that have been treated with a flow diverter. Patients
were retrieved from a database. The selected patients were treated in between
2008-2020 at the neurointerventional department at Sahlgrenska University
hospital. Baseline characteritics were collected from the medical records and
clinical information and data were extracted. The treatment strategy, duration
and types of anticoagulants used were all collected. Sixteen patients were also

eligible for a more recent follow up MRA.
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7. STATISTICAL METHODS

7.1 Study L.

Variables in both groups are presented with descriptive statistics. Fisher exact
test and Pearson test were used when comparing groups. Independent samples #-
test or Mann-Whitney U test were used for continuous data based on the data

distribution.

7.2 Study II.

Binary logistic regression was used to study potential risk factors for vasospasm

associated cerebral infarction after IAN treatment.

7.3 Study III.

Logistic regression was used to study variables associated with de novo
aneurysm formation. Missing data were imputed using chained random forests.
A data-driven model for the prediction of de novo aneurysm was created to

calculate the relative variable importance of ten clinical features.

7.4 Study IV.

Continuous variables are described with Mean, SD, median, minimum, and
maximum and categoric variables with numbers and percentages with exact 95%
confidence interval (CI). For analyses of changes over time within groups,
Fisher’s non-parametric permutation test for paired observation was used for
continuous variables and Sign test for dichotomous variables. Logistic
regression analyses were used to predict dichotomous outcome variables. The
results are given as odds ratios (OR) with 95% CI. In analysis with dichotomous
predictors where one of the groups has 0 events Firth’s penalized method have
been used to estimate OR with 95% CI. All significance tests were two-sided
with 5% significance level. SAS System Version 9.4, Cary, NC, USA has been

used for all analysis.
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8. RESULTS

8.1 Study L.

It was evident that the long-term neurological outcomes were generally
favourable, regardless of the chosen treatment modality. A good neurological
outcome was seen in 100% of the patients that had endovascular treatment and
in 88.8% of the patients that had previous microsurgical treatment. However,
an important observation was the persistence of varying degrees of fatigue
among most patients, despite their positive neurological outcomes. More than
60% still experienced some degree of mental fatigue. Additionally, our study
identified that approximately 17% of patients presented with either residual or

de novo aneurysms, necessitating further treatment or follow-up.

Overall, this study provided valuable insights into the long-term effects of
aSAH treatment and the ongoing challenges faced by the patients, shedding

light on areas where medical care and support can be optimized.
8.2 Study II.

A good neurological outcome (mRS 0-2) was seen in 25% of the patients at 30
days and in 47% of the patients at 6 months. Cerebral infarction in relation to the
vasospastic vessel was seen in 60% of the patients. Procedure related

complications were seen in 10 patients in 10 different procedures.

8.3 Study III.

De novo aneurysms were identified in 13.6% of the patients, most were females
with a median follow-up time of 20 years. More than half of these patients were

treated for their de novo aneurysm.

With these results in mind, one should consider a longer follow-up regime at
least for the younger patient population suffering an aneurysm. For

uncomplicated patients that have gone through a coil embolization of an
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aneurysm with or without stent, a 1-year diagnostic subtraction angiography
(DSA) is part of our protocol before continuing on to do a 3-year follow-up
MRA. For patients that have had their aneurysm microsurgically treated have
previously only been followed clinically and not radiologically. Data on the rate
of de novo aneurysm formation in patients previously treated for an aneurysm

still remain scarce and differ in various studies.

8.4 Study IV.

This study included 77 patients, 6 out of these had more than one treatment. The
mean imaging follow-up time was 47 months. The occlusion rate within 14
months was 73.8%. The follow-up aneurysm growth was 7.8%. We identified a
4% procedure-related mortality rate and a morbidity rate of 12%. Major
complications occurred in 15.6%. At the time of the latest clinical evaluation
12% (10 patients) had a poor neurological outcome (mRS 3-6). An age of 70

years or older correlated poorly with occlusion within 14 months.
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9. DISCUSSION

Cerebral aneurysms may lead to a sudden or acute condition with devastating
both short- and long-term consequences. The importance of long-term follow-up
post-cerebral aneurysm treatment is paramount, ensuring stability of the treated
aneurysm and monitoring for potential development of de novo aneurysms or
residual neck remnants. Wermer et al. highlight the significance of risk factors
like hypertension, smoking, and family history in the development of de novo
aneurysms.”® Our findings underscore the necessity of secondary prevention,
particularly in younger patients with modifiable risk factors like smoking and

hypertension, due to their extended life expectancy.

In our initial study, we observed a high proportion of patients with favorable
long-term outcomes across various treatment modalities. This contrasts with
findings from Molyneux et al., where neurological outcomes in our cohort were
superior to those in the UK cohort.*® This discrepancy raises questions about
potential selection bias in our study group or the possibility of more effective
treatment protocols at Sahlgrenska University Hospital. In line with the 10-year
follow-up of the Barrow Ruptured Aneurysm Trial (BRAT) and the ISAT long-
term follow-up, we found no significant difference in good neurological

outcomes between treatment groups®-**

The ISAT study indicated that coiling led to better short-term outcomes, like
reduced morbidity and mortality, but long-term outcomes presented a more
complex picture.'? A study by Raymond et al. reported a higher rate of
aneurysm recanalization after coiling compared to clipping in long-term

follow-ups.”

Mental fatigue is a debilitating symptom frequently reported by patients
recovering from aSAH.” It is characterized by reduced mental stamina and

cognitive exhaustion, and it significantly impacts the quality of life and the

18



Jennifer Samuelsson Rdmunddal

ability to resume to work or daily activities in patients recovering from their
aSAH. Naidech et al.'s study emphasized its prevalence, with about 80% of
aSAH survivors experiencing mental fatigue in the first year post-
hemorrhage.”® As it has previously been described in our studies, aSAH patient
survivors often struggle with cognitive impairments that may persist long after
the haemorrhage itself has been treated. Addressing mental fatigue in aSAH
patients requires a comprehensive approach including cognitive rehabilitation,
neuropsychological education and evaluation and support from a
neurorehabilitation institute. Our study found that mental fatigue persisted in
some patients more than 15 years post-aSAH, underscoring the need for

specialized neurorehabilitation follow-up.

Cerebral vasospasm is a severe complication following SAH, often leading to
DCI. As an experimental and often last resort treatment, IAN is used for the
most severe cases of CVS. A study performed by Lannes et al. reported
favourable outcomes in patients with SAH who received intra-arterial
nimodipine. Their findings suggested improved cerebral blood flow, reduced
incidence of DCI, and better clinical outcomes when compared to standard
treatment alone.”” Another systematic review and meta-analysis performed in
the same year showed similar results.”® However, our follow-up indicated that
while half of the patients receiving [AN showed good neurological outcomes at
six months, most had developed cerebral infarction despite the treatment.
While the potential benefits of AN are promising, the potential risks
associated with this invasive procedure, such as catheter-related complications
and potential embolic events, must be weighed carefully. Cagnazzo et al. found
a low incidence of such complications, but emphasize the importance of
judicious patient selection” However, like previously mentioned careful
patient selection is deemed necessary in order to minimize the risks associated

with this procedure. With these numbers in mind and with our follow-up
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performed, almost half of all included patients experienced a good neurological
recovery after 6 months. There were procedure related complications also in
our study, which is like previously mentioned an important factor to be taken
into consideration before planning for IAN. All these factors are important to
consider when planning an adequate strategy for the few patients suffering

CVS to the extent where we even consider IAN.

Flow diverter treatment has become an alternative for managing complex
aneurysms or aneurysms previously not able to treat. Girdhar et al.'s meta-
analysis reported high rates of complete occlusion or significant aneurysm size
reduction following this treatment.'® However, it's associated with risks like
thromboembolic events, in-stent stenosis, and delayed aneurysm rupture.”
Brinjikij et al. reported a 4.2% rate of major complications in a large cohort of
patients treated with flow diverters, with thromboembolic events being the
most common.'®! Our data also highlights the risk of in-stent stenosis and
parent artery occlusion in acute treatments were higher due to the inability to
premedicate the patients, however like stated above this treatment option has

evolved since their introduction into the neurointerventional field 2007.

Minor adverse events in our study, occurred in 19.5% of cases, and ischemic
complications were seen in 15.6%, pointing to the need for meticulous patient

selection and strict management post-treatment.
10. CONCLUSION

The management and follow-up of patients with cerebral aneurysms are
complex and several factors need to be taken into consideration when planning
a treatment or follow-up strategy for each individual patient. With advances in
diagnostic methods and treatment options, the prognosis and outcomes for
patients have improved. However, challenges remain in regard to predict

aneurysm rupture, optimize treatment, and ensure long-term patient well-being.
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Long-term follow-up should be offered to either treatment modality chosen, to
monitor for potential recurrences or de novo aneurysms, especially in the

younger patient population.

Mental fatigue is a prevalent and challenging symptom in patients recovering
from aSAH, also in the long-term. Addressing this early on in the
neurorehabilitation process is essential for optimizing the quality of life and

functional outcomes of aSAH survivors.

Intra-arterial nimodipine treatment is potentially an effective therapeutic option
for managing cerebral vasospasm, however it is essential that this procedure is

not without risks which is why careful patient selection are utmost essential.

Flow diverter treatment offers a huge potential for durable aneurysm occlusion,
especially in the more complex and challenging cases. As the endovascular
field continues to evolve, flow diverters are likely to play an increasingly
important role in the endovascular treatment of intracranial aneurysms. Further
development in this stent technology will make this treatment safer and more

accessible in the future.
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11. FUTURE PERSPECTIVES

Patients surviving an aSAH have a life expectancy of more than 25 years in
most cases making long-term outcomes an important concern. The
neurological outcome following an aSAH is influenced by various factors,
including the severity of the initial bleeding, disease-related complications
(such as vasospasm, hydrocephalus, and rebleeding), and complications related
to aneurysm treatment. These complications can significantly affect a patient’s

long-term quality of life.

A randomized trial would have been interesting to conduct in order to compare
the results in patients receiving IAN to those that do not. Seeming as this is still
considered an experimental treatment, this would be an interesting study to

conduct in the future.

Perhaps more intense neurorchabilitation and more long-term studies pointing
towards a specific treatment regime in aSAH survivors suffering mental fatigue
should be considered seeming as previous studies are all describing this
symptom as extremely debilitating, also in the long-term. One might consider
neuromarkers to play an increasingly larger role in the future, to evaluate if
there is a correlation between the patients mental fatigue and their

neuromarkers measured.

Given the limited data on de novo aneurysm formation after treating
intracranial aneurysms, there is a growing need for additional data and
guidelines for long-term follow-up, particularly among younger patients. Long-
term studies are required to understand the natural history of aneurysms treated

microsurgically or through the endovascular approach.

The flow diverter technology will continue to evolve and we will hopefully see
the development of stents being less thrombogenic making them a safer

treatment choice, especially in the acute phase when there are no possibilities
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to premedicate the patients with dual antiplatelet therapy.

23



Jennifer Samuelsson Rdmunddal

24



Jennifer Samuelsson Rdmunddal

12. ACKNOWLEDGMENTS

I would like to express my sincere gratitude to everyone that has been involved

and contributed to this thesis. Especially, I would like to thank:

Daniel Nilsson- my main supervisor, to the one I owe the greatest gratitude for
all the time and effort that you have spent in guiding me and encouraging me
through this project. For your support any time in the day and always taking

time to make sure I made progress.

Alexandros Rentzos- my co-supervisor, the first neurointerventionist I saw in
action when I started my career 12 years ago. He and Gundi played a role in
making me want to work within the vascular neurosurgical field. For thoughtful

support, guidance and for constructive discussions.

Mats Johansson-Haégfeldt- for your encouragement, patience and enormously
big heart. You have been my main mentor through my neurosurgical training
and you still are. You were one of the two reasons that made me fall in love with

neurosurgery. [ will forever be your number 1 fan.

Arne Roos, the man, the myth, the legend. When MJH left during my residency
you generously took me under your wings as my mentor and taught me all about
the very best parts of neurosurgery and I finally had someone to talk to
regarding all things related to fashion. You were one of the two reasons that

made me fall in love with neurosurgery and I will forever be your number 1 fan.

Karl-Erik Jakobsson and Hans Silander. My first two mentors during my
neurosurgical training (I obviously needed many). Thank you for your patience
and support during my early years as a doctor. I will forever be grateful for all

you have done for me.

The rest of the best Neurointerventional department in the world; Dennis

Dunker, Erik Ceder and Jeanette Carlqvist. Thank you for a fantastic

25



Jennifer Samuelsson Rdmunddal

collaboration throughout the years. It has truly been a great honour to call you

my colleagues.

Magnus Tisell and Johan Ljungqvist. To the ones that believed in me and
hired me many years ago. Thank you for generously showing me how to be a
neurosurgeon and for your patience and guidance through the neurosurgical

field.

To Robert Olsson, because he always deserves his own spot wherever he goes
or is talked about. A true legend talented within most areas of life, for being the

person he is and as a neurosurgeon.

All my colleagues and friends at the Neurosurgical department. [ am
enormously happy having you as my second family. You make work a better

place.

All my co-authors that contributed to all studies. It has truly been a great

honour working with you.

Gudrun Barrows and Sulli Andersson for your enormous support and

kindness since day 1. I am enormously grateful for all our talks and your support
throughout the years. I am thankful for you two looking after me and taking care
of me and treating me like your work daughter. [ am forever grateful for you two

always taking time to listen to me.

The most amazing and wonderful parents in the world, Nora and Anders, You
came from nothing and still managed to give me everything. Without you,
nothing would be possible. I have been lucky to have you both as my role
models in life. I will forever be grateful and blessed to get to call you my mother

and father. I love you enormously much.

To Truls Rdmunddal, my superman, my best friend, my husband, my solid

rock in life. Thank you for showing me how it feels to be loved and supported

26



Jennifer Samuelsson Rdmunddal

for who I am. You truly came in to my life and made it more blessed than ever. I

love you now and forever.

To Araz Rawshani and Maria Henningsson, for your generous hearts and for
always making me feel loved and cared for. It truly makes me proud to call you

my family.

To my siblings; Jonny, Louise, Caroline and Victoria, for all your support,
love and generosity throughout the years. I am truly proud to have you all as my

role models. I love you a lot.

To all my amazing friends, for your support throughout all of the years. It truly

means the world to me.

27



Jennifer Samuelsson Rdmunddal

28



Jennifer Samuelsson Rdmunddal

REFERENCES

1. Brisman JL, Song JK, Newell DW. Cerebral aneurysms. N Engl J Med.
2006;355(9):928-39.

2. Dashti R, Rinne J, Hernesniemi J, et al. Microneurosurgical management
of proximal middle cerebral artery aneurysms. Surg Neurol, 2007.
67(1):p.6-14.

3. Juvela S, Porras M, Poussa K. Natural history of unruptured intracranial
aneurysms: probability of and risk factors for aneurysm rupture. J
Neurosurg, 2008. 108(5): p.1052-60.

4. Chalouhi, Nohra et al. “Review of cerebral aneurysm formation, growth,
and rupture.” Stroke vol. 44,12 (2013): 3613-22.

5. Chen, Yujie et al. “Rethinking the initial changes in subarachnoid
haemorrhage: Focusing on real-time metabolism during early brain
injury.” EBioMedicine vol. 83 (2022): 104223.

6. Neifert, Sean N et al. “Aneurysmal Subarachnoid Hemorrhage: the Last
Decade.” Translational stroke research vol. 12,3 (2021): 428-446.

7. Hoh, Brian L et al. “2023 Guideline for the Management of Patients With
Aneurysmal Subarachnoid Hemorrhage: A Guideline From the American
Heart Association/American Stroke Association.” Stroke vol. 54,7 (2023):
e314-e370.

8. Osgood, Marcey L. “Aneurysmal Subarachnoid Hemorrhage: Review of
the Pathophysiology and Management Strategies.” Current neurology and
neuroscience reports vol. 21,9 50. 26 Jul. 2021

9. Suarez-Rivera, O. “Acute hydrocephalus after subarachnoid hemorrhage.”
Surgical neurology vol. 49,5 (1998): 563-5.

10.Rostgaard, Nina et al. “Inflammatory Markers as Predictors of Shunt
Dependency and Functional Outcome in Patients with Aneurysmal

Subarachnoid Hemorrhage.” Biomedicines vol. 11,4 997. 23 Mar. 2023.

29



Jennifer Samuelsson Rdmunddal

11.Etminan, Nima, and R Loch Macdonald. “Neurovascular disease,
diagnosis, and therapy: Subarachnoid hemorrhage and cerebral
vasospasm.” Handbook of clinical neurology vol. 176 (2021): 135-169.

12.Molyneux A, Kerr R, et al. (2002) “International Subarachnoid Aneurysm
Trial (ISAT) of neurosurgical clipping versus endovascular coiling in
2143 patients with ruptured intracranial aneurysms: a randomised trial”
Lancet 26;360:1267-74.

13.Hop JW, Rinkel GJE, et al. (1997) ”Case-fatality rates and functional
outcome after subarachnoid hemorrhage: A systematic review. Stroke
28:660-664.

14.Al-Mufti F, Amuluru K, Damodara N, El-Ghanem M, Nuoman R, Kamal
N, et al. Novel management strategies for medically-refractory vasospasm
following aneurysmal subarachnoid hemorrhage. J Neurol Sci.
2018;390:44-51.

15.Hénggi D, Turowski B, Beseoglu K, Yong M, Steiger HJ. Intra-arterial
nimodipine for severe cerebral vasospasm after aneurysmal subarachnoid
hemorrhage: influence on clinical course and cerebral perfusion. AJNR
Am J Neuroradiol. 2008;29(6):1053-60.

16.Francoeur CL, Mayer SA. Management of delayed cerebral ischemia after
subarachnoid hemorrhage. Crit Care. 2016;20(1):277.

17.Guzzardi, G., Stanca, C., Cerini, P. et al. Long-term follow-up in the
endovascular treatment of intracranial aneurysms with flow-diverter
stents: update of a single-centre experience. Radiol med 123, 449455
(2018).

18.Linn FH, Gj Rinatekel (1996) Incidence of subarachnoid hemorrhage: role
of region, years and rate of computed tomography: a meta-analysis.
Stroke 27:625-629.

19.Rinkel G, Djibuti M, Algra A et al. Prevalence and risk of rupture of

Intracranial Aneurysms- a systematic review. Stroke 1998;29:251-256.

30



Jennifer Samuelsson Rdmunddal

20.Juvela S, Poussa K, Porras M. Factors affecting formation and growth of
intracranial aneurysms: a long-term follow-up study. Stroke. 2001
Feb;32(2):485-491.

21.Edner G, Almqvist H. The stockholm 20-year follow-up of aneurysmal
subarachnoid hemorrhage outcome. Neurosurgery. 2007 Jun;60(6):1017—
1023. discussion 1023-4.

22.Bruneau M, Rynkowski M, Smida-Rynkowska K, et al. Long-term
follow-up survey reveals a high yield, up to 30% of patients presenting
newly detected aneurysms more than 10 years after ruptured intracranial
aneurysms clipping. Neurosurg Rev. 2011 Oct;34(4):485—496.

23.Koroknay-Pal P, Niemela M, Lehto H, et al. De novo and recurrent
aneurysms in pediatric patients with cerebral aneurysms. Stroke. 2013
May;44(5):1436-1439.

24.Lindgren AE, Raisanen S, Bjorkman J, et al. De novo aneurysm formation
in carriers of saccular intracranial aneurysm disease in Eastern Finland.
Stroke. 2016 May;47(5):1213-1218.

25.Vourla E, Filis A, Cornelius JF, et al. Natural history of de novo
aneurysm formation in patients with treated aneurysmatic subarachnoid
hemorrhage: a ten-year follow-up. World Neurosurg. 2019;122:¢291—
€295.

26.Fingerlin T, Rychen J, Roethlisberger M, et al. Long-term recurrence and
de novo aneurysm formation after surgical treatment of unruptured
intracranial aneurysms: a cohort study and systematic review.
Neurological research. 2020 February;40(4):338-345.

27.van Gijn J, Kerr R, Rinkel G. Subarachnoid haemorrhage. Lancet, 2007.
369(9558):p. 306-18.

28.Wermer M, Greeber P, Algra A, et al. Long-term mortality and vascular
event risk after aneurysmal subarachnoid haemorrhage. J Neurol

Neurosurg Psychiatry, 2009. 80(12) p. 1399.401.

31



Jennifer Samuelsson Rdmunddal

29.Hou, Kun, and Jinlu Yu. “Current status of perimesencephalic non-
aneurysmal subarachnoid hemorrhage.” Frontiers in neurology vol. 13
960702. 1 Sep. 2022.

30.Etminan N, Chang HS, Hackenberg K, de Rooij NK, Vergouwen MDI,
Rinkel GJE, Algra A. Worldwide Incidence of Aneurysmal Subarachnoid
Hemorrhage According to Region, Time Period, Blood Pressure, and
Smoking Prevalence in the Population: A Systematic Review and Meta-
analysis. JAMA Neurol. 2019 May 1;76(5):588-597.

31.Westerlind E, Persson HC, Eriksson M, Norrving B, Sunnerhagen KS.
Return to work after stroke: A Swedish nationwide registry-based study.
Acta Neurol Scand. 2020 Jan;141(1):56-64. doi: 10.1111/ane.13180. Epub
2019 Oct 28. PMID: 31659744; PMCID: PMC6916554.

32.Persson HC, Térnbom K, Sunnerhagen KS, Térnbom M. Consequences
and coping strategies six years after a subarachnoid hemorrhage - A
qualitative study. PLoS One. 2017 Aug 30;12(8):¢0181006. doi:
10.1371/journal.pone.0181006. PMID: 28854198; PMCID:
PMC5576756.

33.Xu, Zhen et al. “Intracranial Aneurysms: Pathology, Genetics, and
Molecular Mechanisms.” Neuromolecular medicine vol. 21,4 (2019): 325-
343.

34.Dashti R, Rinne J, Hernesniemi J, et al. Microneurosurgical management
of proximal middle cerebral artery aneurysms. Surg Neurol, 2007.
67(1):p.6-14.

35.Wiebers D, Whisnant J, Huston J, et al. International study of Unruptured
Intracranial Aneurysms, Unruptured intracranial aneurysms: natural
history, clinical outcome, and risks of surgical and endovascular
treatment. Lancet 2003. 362(9378): p.103-10.

36.Molyneux AJ, Birks J, et al. (2015) “The durability of endovascular

coiling versus neurosurgical clipping of ruptured cerebral aneurysms: 18

32



Jennifer Samuelsson Rdmunddal

year follow-up of the UK cohort of the International Subarachnoid
Aneurysm Trial (ISAT)” Lancet. 21;385:691-7.

37.Cui, Xiaopeng et al. “Risk factors and location of intracranial aneurysm
rupture in a consecutive Chinese Han population.” World neurosurgery,
S1878-8750(23)01404-3. 7 Oct. 2023, doi:10.1016/j.wneu.2023.10.010

38.Fuentes, Angelica M et al. “Sex Differences in Cerebral Aneurysms and
Subarachnoid Hemorrhage.” Stroke vol. 53,2 (2022): 624-633.
doi:10.1161/STROKEAHA.121.037147

39.Pickard JD, Murray GD, Illingworth R, Shaw MD, Teasdale GM, Foy
PM, et al. Effect of oral nimodipine on cerebral infarction and outcome
after subarachnoid haemorrhage: British aneurysm nimodipine trial. Bmj.
1989;298(6674):636-42.

40.Juvela S, Porras M, Poussa K. Natural history of unruptured intracranial
aneurysms: probability of and risk factors for aneurysm rupture. J
Neurosurg, 2008. 108(5): p.1052-60.

41.0hashi Y, Horikoshi T, Sugita M, et al. Size of cerebral aneurysms and
related factors in patients with subarachnoid hemorrhage. Surg Neurol,
2004. 61(3):p. 239-45; discussion 245-7.

42 Rabinstein A, Lanzino G, Wijdicks E. Multidisciplinary management and
emerging therapeutic strategies in aneurysmal subarachnoid haemorrhage.
Lancet Neurol, 2010. 9(5): p.504-19.

43.0gungbo, Biodun. “The World Federation of Neurological Surgeons scale
for subarachnoid haemorrhage.” Surgical neurology vol. 59,3 (2003):
236-7; discussion 237-8. doi:10.1016/s0090-3019(02)01049-2.

44 Hunt W, Hess R. Surgical risk as related to time of intervention in the
repair of intracranial aneurysms. J Neurosurg, 1968. 28(1): p. 14-20.

45.Akkaya, Selcuk, Akca, Onur, Arat, Anil, Peker, Ahmet, and Balci, Sinan.
"Usefulness of Contrast-enhanced and TOF MR Angiography for Follow-

33



Jennifer Samuelsson Rdmunddal

up after Low-profile Stent-assisted Coil Embolization of Intracranial
Aneurysms." Interventional Neuroradiology 24.6 (2018): 655-61. Web.

46.Long, Brit, and Michael Gottlieb. “Tranexamic acid for aneurysmal
subarachnoid hemorrhage.” Academic emergency medicine : official
journal of the Society for Academic Emergency Medicine vol. 29,6
(2022): 798-800. doi:10.1111/acem.14482

47.Mehta R, Chinthapalli K. (2019) “Glasgow Coma Scale explained” BMJ
2;365:11296.

48.Mehta, Rhea et al. “Glasgow coma scale explained.” BM.J (Clinical
research ed.) vol. 365 11296. 2 May. 2019, doi:10.1136/bm;j.11296.

49 Petridis, Athanasios K et al. “Aneurysmal Subarachnoid Hemorrhage.”
Deutsches Arzteblatt international vol. 114,13 (2017): 226-236.
doi:10.3238/arztebl.2017.0226

50.van Dijk JM, Groen RJ, Ter Laan M, et al. Surgical clipping as the
preferred treatment for aneurysms of the middle cerebral artery. Acta
Neurochir (Wien), 2011. 153(11): p.2111-7.

51.Li, Kenny et al. “A Review of the Management of Cerebral Vasospasm
After Aneurysmal Subarachnoid Hemorrhage.” World neurosurgery vol.
126 (2019): 513-527. doi:10.1016/j.wneu.2019.03.083

52.Tetsuji Inagawa. Risk Factors for Cerebral Vasospasm Following
Aneurysmal Subarachnoid Hemorrhage: A Review of the
Literature, World Neurosurgery, Volume 85, 2016, p: 56-76, ISSN 1878-
8750

53.Hanggi D, Turowski K, Beseoglu M, et al. Intra-arterial Nimodipine for
severe cerebral vasospam after aneurysmal subarachnoid hemorrhage:
Influence on clinical course and cerebral perfusion. AJNR. 2008:
29(6):1053-1060

34



Jennifer Samuelsson Rdmunddal

54.Romenskaya T, Longhitano Y, Piccolella F, et al. Cerebral Vasospasm:
Practical Review of Diagnosis and Management. Rev Recent Clin Trials.
2023;18(1):12-18.

55.Samuelsson J, Sunila M, Rentzos A, et al. Intra-arterial nimodipine for
severe cerebral vasospasm after aneurysmal subarachnoid haemorrhage-
neurological and radiological outcome. The Neuroradiology Journal.
2022;35(2):213-219.

56.Bashir A, Andresen M, Bartek J, Jr., Cortsen M, Eskesen V, Wagner A.
Intra-arterial nimodipine for cerebral vasospasm after subarachnoid
haemorrhage: Influence on clinical course and predictors of clinical
outcome. Neuroradiol J. 2016;29(1):72-81.

57.Vergouwen MD, Vermeulen M, van Gijn J, Rinkel GJ, Wijdicks EF,
Muizelaar JP, et al. Definition of delayed cerebral ischemia after
aneurysmal subarachnoid hemorrhage as an outcome event in clinical
trials and observational studies: proposal of a multidisciplinary research
group. Stroke. 2010;41(10):2391-5.

58.Suzuki, Hidenori et al. “Cerebrovascular pathophysiology of delayed
cerebral ischemia after aneurysmal subarachnoid hemorrhage.” Histology
and histopathology vol. 36,2 (2021): 143-158. doi:10.14670/HH-18-253

59.Bhattacharjee, Suchanda et al. “Subarachnoid Hemorrhage and
Hydrocephalus.” Neurology India vol. 69,Supplement (2021): S429-S433.
doi:10.4103/0028-3886.332266

60.Maciel, Carolina B, and Emily J Gilmore. “Seizures and Epileptiform
Patterns in SAH and Their Relation to Outcomes.” Journal of clinical
neurophysiology : official publication of the American
Electroencephalographic Society vol. 33,3 (2016): 183-95.
doi:10.1097/WNP.0000000000000268

61.Solenski N, Haley Jr E, Kassell N, et al. Medical complications of

aneurysmal subarachnoid haemorrhage: a report of the multicenter,

35



Jennifer Samuelsson Rdmunddal

cooperative aneurysm study. Participants of the Multicenter Cooperative
Aneurysm Study. Crit Care Med, 1995. 23(6): p. 1007-17.

62.Norberg, Erik et al. “Impact of Acute Cardiac Complications After
Subarachnoid Hemorrhage on Long-Term Mortality and Cardiovascular
Events.” Neurocritical care vol. 29,3 (2018): 404-412.
doi:10.1007/s12028-018-0558-0

63.Ahmadian A, Mizzi A, Banasiak M, Downes K, Camporesi EM,
Thompson Sullebarger J, Vasan R, Mangar D, van Loveren HR, Agazzi S.
Cardiac manifestations of subarachnoid hemorrhage. Heart Lung Vessel.
2013;5(3):168-78. PMID: 24364008; PMCID: PMC3848675.

64.Chung, David Y et al. “Aneurysmal Subarachnoid Hemorrhage.”
Neurologic clinics vol. 39,2 (2021): 419-442.
doi:10.1016/.ncl.2021.02.006

65.Forsting M and Wanke i. Intracranial vascular malformations and
aneurysms: From Diagnostic Work-Up to Endovascular therapy. 2008,
Springer, p. 167-284.

66.Nam HH, Jang DK, Cho BR. Complications and risk factors after digital
subtraction angiography: 1-year single-center study. J Cerebrovasc
Endovasc Neurosurg. 2022; 24(4):335-340.

67.Mkhize NN, Mngomezulu V, Buthelezi TE. Accuracy of CT angiography
for detecting ruptured intracranial aneurysms. SA J Radiol. 2023 May
30;27(1):2636.

68.Sailer, Anna M H et al. “Diagnosing intracranial aneurysms with MR
angiography: systematic review and meta-analysis.” Stroke vol. 45,1
(2014): 119-26. doi:10.1161/STROKEAHA.113.003133

69.Kiruluta, Andrew J M, and R Gilberto Gonzalez. “Magnetic resonance
angiography: physical principles and applications.” Handbook of clinical
neurology vol. 135 (2016): 137-149. doi:10.1016/B978-0-444-53485-
9.00007-6

36



Jennifer Samuelsson Rdmunddal

70.Cirillo M, Scomazzoni F, Cirillo L, et al. Comparison of 3D TOF-MRA
and 3D CE-MRA at 3T for imaging of intracranial aneurysms. Eur J
Radiol. 2013;82(12):e853-9.

71.Ahmed SU, Mocco J, Zhang X, et al. MRA versus DSA for the follow-up
imaging of intracranial aneurysms treated using endovascular techniques:
a meta-analysis. J Interven Surg. 2019;11(10):1009-1014

72.Lane, Annah et al. “Magnetic resonance angiography or digital
subtraction catheter angiography for follow-up of coiled aneurysms: do
we need both?.” Journal of medical imaging and radiation oncology vol.
59,2 (2015): 163-9. doi:10.1111/1754-9485.12288

73.van Amerongen, M J et al. “MRA versus DSA for follow-up of coiled
intracranial aneurysms: a meta-analysis.” AJNR. American journal of
neuroradiology vol. 35,9 (2014): 1655-61. doi:10.3174/ajnr.A3700

74.Cohen-Gadol, Aaron A, and Dennis D Spencer. “Harvey W. Cushing and
cerebrovascular surgery: Part I, Aneurysms.” Journal of neurosurgery vol.
101,3 (2004): 547-52. doi:10.3171/jns.2004.101.3.0547

75.Hui, Ferdinand K et al. “A history of detachable coils: 1987-2012.”
Journal of neurointerventional surgery vol. 6,2 (2014): 134-8.
doi:10.1136/neurintsurg-2013-010670

76.Rutledge, Caleb et al. “Microsurgical Treatment of Cerebral Aneurysms.”
World neurosurgery vol. 159 (2022): 250-258.
doi:10.1016/j.wneu.2021.12.079

77.Diaz, Orlando, and Leonardo Rangel-Castilla. “Endovascular treatment of
intracranial aneurysms.” Handbook of clinical neurology vol. 136 (2016):
1303-9. doi:10.1016/B978-0-444-53486-6.00067-3

78.Briganti F, Napoli M, Tortora F, et al. Italian mutlicenter experience with
flow-diverter devices for intracranial unruptured aneurysm treatment with
periprocedural complications- a retrospective data analysis.

Neuroradiology 2012;54: 1145-1152.

37



Jennifer Samuelsson Rdmunddal

79.van Donkelaar, Carlina E et al. “Prediction of Outcome After Aneurysmal
Subarachnoid Hemorrhage.” Stroke vol. 50,4 (2019): 837-844.
doi:10.1161/STROKEAHA.118.023902

80.D'Souza, Stanlies. “Aneurysmal Subarachnoid Hemorrhage.” Journal of
neurosurgical anesthesiology vol. 27,3 (2015): 222-40.
doi:10.1097/ANA.0000000000000130

81.Hammer, Alexander et al. “Dynamics of outcome after aneurysmal
subarachnoid hemorrhage.” Aging vol. 12,8 (2020): 7207-7217.
doi:10.18632/aging.103069

82.Tokuda Y, Inagawa T, Katoh Y et al. Intracerebral hematoma in patients
with ruptured cerebral aneurysms. Surg Neurol, 1995. 43(3): p. 272-7.

83.Wheelock B, Weir B, Watts R et al. Timing of surgery for intracerebral
hematomas due to aneurysm rupture. J Neurosurg, 1983. 58(4): p. 476-81

84.Abbed KM, Ogilvy CS. Intracerebral hematoma from aneurysm rupture.
Neurosurg Focus, 2003. 15(4):p. E4.

85.Persson, H. C., et al. (2018). "Life situation 5 years after subarachnoid
haemorrhage." Acta Neurol Scand 137(1): 99-104.

86.Dulhanty, L. H., et al. (2019). "The self-reported needs of patients
following subarachnoid hemorrhage (SAH)." Disabil Rehabil: 1-7.

87.Gaastra, Ben et al. “Long-term fatigue following aneurysmal
subarachnoid haemorrhage and the impact on employment.” European
journal of neurology vol. 29,12 (2022): 3564-3570.
doi:10.1111/ene.15533

88.Buunk, A. M., et al. (2015). "Leisure and social participation in patients
4-10 years after aneurysmal subarachnoid haemorrhage." Brain Inj 29(13-
14): 1589-1596.

89.Ghafaji, Hajar et al. “Coping strategies in patients with good outcome but
chronic fatigue after aneurysmal subarachnoid hemorrhage.” Acta

neurochirurgica vol. 165,4 (2023): 1007-1019. doi:10.1007/s00701-023-

38



Jennifer Samuelsson Rdmunddal

05549-y

90.Johansson B., Ronnbick L, et al. (2017) ”Assessment and treatment of
mental fatigue after a traumatic brain injury” Neuropsychol Rehabil
27(7):1047-1055.

91.Johansson, Birgitta et al. “A self-assessment questionnaire for mental
fatigue and related symptoms after neurological disorders and injuries.”
Brain injury vol. 24,1 (2010): 2-12. doi:10.3109/02699050903452961

92.Guggisberg, A.G., et al. (2020). ”Fatigue after acquired brain injury and
its impact on socioprofessional reintegration” Rev Med Suisse 6;16:901-
903.

93.Bor, A Stijntje E et al. “Clinical, radiological, and flow-related risk
factors for growth of untreated, unruptured intracranial aneurysms.”
Stroke vol. 46,1 (2015): 42-8. doi:10.1161/STROKEAHA.114.005963

94 Spetzler RF, McDougall CG, Zabramski JM, Albuquerque FC, Hills NK,
Russin JJ. The Barrow Ruptured Aneurysm Trial: 6-year results. J
Neurosurg. 2015;123(3):609-617.

95.Raymond J, Guilbert F, Weill A, et al. Long-term angiographic
recurrences after selective endovascular treatment of aneurysms with
detachable coils. Stroke. 2003;34(6):1398-1403.

96.Naidech AM, Polnaszek KL, Berman MD, et al. (2019). Mental fatigue
perpetuates brain injury symptoms in patients with subarachnoid
hemorrhage. Journal of Neurology, Neurosurgery & Psychiatry, 90(4),
378-380.

97.Lannes M, Teitelbaum J, del Pilar Cortés M, et al. Intra-arterial
nimodipine for the treatment of symptomatic cerebral vasospasm after
aneurysmal subarachnoid hemorrhage: preliminary results.
Neuroradiology. 2016;58(6):621-627.

98.Dabus G, Nogueira RG. Current options for the management of

aneurysmal subarachnoid hemorrhage-induced cerebral vasospasm: a

39



Jennifer Samuelsson Rdmunddal

comprehensive review of the literature. Interv Neurol. 2016;5(1-2):33-49.
99.Cagnazzo F, Di Carlo DT, Cappucci M, Lefevre PH, Perrini P. Safety and
feasibility of intra-arterial nimodipine administration for subarachnoid
hemorrhage-induced vasospasm: a systematic review and meta-analysis.
Neuroradiology. 2019;61(11):1253-1262.
100.  Girdhar G, Li J, Kostousov L, et al. Flow diversion in the treatment
of intracranial aneurysms: a review and meta-analysis. AINR Am J

Neuroradiol. 2019;40(4):687-694.
101.  Brinjikji W, Murad MH, Lanzino G, Cloft HJ, Kallmes DF.

Endovascular treatment of intracranial aneurysms with flow diverters: a

meta-analysis. Stroke. 2013;44(2):442-447.

40





