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1. Einleitung

In der modernen medizinischen Forschung hat sich die Meta-Analyse als
unverzichtbares Instrument etabliert, um die Evidenzlage zu kldren und die Grundlage
far fundierte klinische Entscheidungen zu schaffen. Diese systematische Methode ist
entwickelt worden, um Ergebnisse zahlreicher einzelner Studien zu einer spezifischen
Frage hinsichtlich Wirksamkeit und Sicherheit medizinischer MalRnahmen zu
aggregieren und zu analysieren. Diese Methode ist insbesondere in der klinischen
Forschung wichtig, um Erkenntnisse aus unterschiedlichen Untersuchungen
zusammenzufassen und eine verbindliche Empfehlung fir den klinischen Alltag zu

entwickeln [1-2].

Stellenwert von Meta-Analysen in der evidenzbasierten Medizin

Die Evidenzbasierte Medizin zielt darauf ab, klinische Entscheidungen basierend auf der
besten verfligbaren wissenschaftlichen Evidenz zu treffen. Durch die systematische
Zusammenfihrung und Auswertung von Daten aus verschiedenen Studien tragen Meta-
Analysen dazu bei, die Relevanz wissenschaftlicher Erkenntnisse zu unterstreichen.
Einzelstudien konnen unterschiedliche oder widersprichliche Ergebnisse liefern, doch
der Zweck einer umfassenden Meta-Analyse besteht darin, diese Unterschiede
auszugleichen und zu minimieren und ein einheitliches Gesamtbild zu schaffen. Ein
Merkmal von Meta-Analysen ist die Bewertung der Varianz einzelner Studienergebnisse
und deren Gewichtung, um dadurch mathematisch verlassliche Schatzungen zu erhalten
[2,4].

Ein weiterer Vorteil von Meta-Analysen besteht in der Moéglichkeit, Subgruppenanalysen
durchzufiihren. Diese erlauben es, spezifische Untergruppen von Patienten mit
individuellen Eigenschaften zu identifizieren, die starker oder schwéacher von einer
bestimmten Intervention profitieren kénnten. Besonders in der Neurologie ist dies von
grofRer Bedeutung, da sich Patientenpopulationen in ihren demografischen Merkmalen,
genetischen Pradispositionen und Krankheitsverlaufen stark unterscheiden konnen.
Subgruppenanalysen bieten die Grundlage fir die Entwicklung spezifischer

Behandlungsstrategien, wodurch sich die Qualitdt und Effizienz der Behandlung



erheblich verbessern lassen [2,3]. Ein Beispiel hierfiir ist eine Meta-Analyse
randomisierter kontrollierter Studien zur Behandlung von ischamischen Schlaganfallen,
die Aufschluss Uber die Wirksamkeit von Therapien in verschiedenen Altersgruppen,
Geschlechtern oder definierten Patientensubgruppen mit unterschiedlichen

Vorerkrankungen geben kann [4].

Methodische Herausforderungen und Vorteile von Meta-Analysen

Obwohl Meta-Analysen eine wertvolle Erganzung zur wissenschaftlichen Forschung
darstellen, sind diese nicht ohne methodische Herausforderungen. Die Qualitat und
Verlasslichkeit einer Meta-Analyse hangt entscheidend von der Qualitat der
eingeschlossenen Studien ab. Studien mit methodischen Mangeln, wie z. B. einem
kleinen Stichprobenumfang, fehlender Randomisierung oder Verblindung, kénnen
Verzerrungen verursachen und die Ergebnisse der Meta-Analyse verfalschen. Daher ist
es wichtig, dass nur Studien eingeschlossen werden, die strenge methodische Kriterien
erfullen; dadurch werden Verzerrungen minimiert und die Zuverlassigkeit der
Ergebnisse erhoht [4].

Ein weiteres haufiges Problem bei Meta-Analysen ist die Heterogenitit der
Studienergebnisse. Diese Heterogenitat kann durch Unterschiede in den
Studiendesigns, den untersuchten Populationen, den verwendeten Interventionen und
den herangezogenen Endpunkten entstehen. Eine hohe Heterogenitdt kann die
Vergleichbarkeit der Studien beeintrachtigen und die Validitat der Ergebnisse infrage
stellen [4]. Zur Bewaltigung dieser Herausforderung werden statistische Verfahren wie
das ,random-effects“-Modell verwendet, um Unterschiede zwischen den Studien
auszugleichen und realistischere Schatzungen der Effektgroflen so prazise wie moglich
herauszuarbeiten [3-4]. Zusatzlich tragen Sensitivitdtsanalysen dazu bei, die Robustheit
der Ergebnisse zu Uberprifen und sicherzustellen, dass einzelne Studien nicht zu sehr
ins Gewicht fallen und die Gesamtanalyse verfadlschen [2-4].

Ein weiterer wichtiger Aspekt, der bei der Durchfihrung von Meta-Analysen
beriicksichtigt werden sollte, ist der Publikationsbias. Studien mit positiven oder
signifikanten Ergebnissen werden oft bevorzugt veroffentlicht, wahrend solche mit

negativen oder nicht signifikanten Resultaten seltener erscheinen. Dieser Bias kann dazu



fliihren, dass die Ergebnisse einer Meta-Analyse verzerrt werden und ein unrealistisch
positives Bild der untersuchten Intervention entsteht [2-4]. Techniken wie die Funnel-
Plot-Analyse kénnen helfen, das Ausmald des Publikationsbias zu bewerten und seine
potenziellen Auswirkungen auf die Ergebnisse zu minimieren [1-4]. Der Einschluss von
unveroffentlichten Studien, wie beispielsweise die sogenannte ,graue Literatur”, kann
ebenfalls dazu beitragen, ein vollstandigeres Bild der Evidenz zu erhalten und den

Publikationsbias zu reduzieren [2,3].

Praktische Bedeutung von Meta-Analysen in der klinischen Neurologie

Meta-Analysen haben einen direkten und bedeutenden Einfluss auf die klinische Praxis,
da sie haufig die Grundlage fur die Entwicklung von Behandlungsleitlinien und
Therapieempfehlungen bilden. Sie bieten Arzten und anderen
Gesundheitsdienstleistern eine fundierte Basis, auf der sie Entscheidungen treffen
kénnen, die den besten wissenschaftlichen Erkenntnissen entsprechen. In der
Neurologie, wo Krankheitsbilder oft komplex sind und von vielen Faktoren beeinflusst
werden konnen, bieten Meta-Analysen wertvolle Erkenntnisse, um die beste
Behandlungsstrategie fiir verschiedene Erkrankungen zu identifizieren. Dies gilt
insbesondere flr Erkrankungen wie Schlaganfalle, Multiple Sklerose und degenerative
Erkrankungen des zentralen und peripheren Nervensystems [5].

Ein anschauliches Beispiel fiir die Bedeutung von Meta-Analysen ist die Forschung zur
Behandlung der Multiplen Sklerose (MS). Diese chronische, fortschreitende Erkrankung
des zentralen Nervensystems verursacht eine Vielzahl neurologischer Symptome und
stellt eine groRe Herausforderung fiir die medizinische Versorgung dar. Durch Meta-
Analysen konnte die Wirksamkeit verschiedener Immunmodulatoren und
krankheitsmodifizierender Therapien systematisch untersucht werden. Sie helfen nicht
nur dabei, die effektivsten Behandlungsoptionen zu identifizieren, sondern auch
wichtige Fragen zur langfristigen Sicherheit und zu den spezifischen Wirkungen in
unterschiedlichen Patientensubgruppen aufzuzeigen. Solche Erkenntnisse sind
entscheidend, um die Versorgung von MS-Patienten kontinuierlich zu verbessern [6]. Ein
weiteres Beispiel fiir den praktischen Nutzen von Meta-Analysen ist die Untersuchung

von Nutzen der Therapie der Thrombolyse- oder Thrombektomie beim akuten



ischamischen Schlaganfall. Dabei wird gezielt erforscht, welche Patienten am meisten
von dem einem oder anderem Verfahren profitieren konnen. Solche Analysen helfen,
die Behandlung besser auf individuelle Bedirfnisse abzustimmen und die

Erfolgschancen zu erhéhen [7].

1.1. Hintergrund zum ersten Manuskript

Die erste Publikation widmet sich der wichtigen Frage, ob die Kombination aus
intravenoser Thrombolyse (IVT) und mechanischer Thrombektomie (MT) im Vergleich
zur alleinigen MT bei Patienten mit akutem ischamischen Schlaganfall, der durch einen
Verschluss einer hirnversorgenden Arterie verursacht wurde, Vorteile bietet. Diese
Fragestellung ist besonders relevant, da die Behandlung des akuten ischamischen
Schlaganfalls in den letzten Jahren erhebliche Fortschritte erfahren hat. Angesichts der
Tatsache, dass der Schlaganfall weltweit eine der Hauptursachen fiir Behinderung ist
und fiir viele Patienten todlich enden kann, sind schnelle und wirksame
Behandlungsoptionen essenziell, um Schidden zu begrenzen und die Uberlebenschancen
der Patienten zu erhdhen [1,2]. Dabei spielen zeitkritische Behandlungsentscheidungen
eine entscheidende Rolle, um die Durchblutung des Gehirns so schnell wie moglich
wiederherzustellen und das Fortschreiten des Infarkts einzudammen. Jede Minute zéhlt,

da ein verzogerter Eingriff zu irreversiblen neurologischen Schaden fihren kann.

Die intraventdse Thrombolyse (IVT) ist eine etablierte Behandlungsmethode, die in den
aktuellen Leitlinien empfohlen wird, wenn sie innerhalb des Zeitfensters von 4,5
Stunden nach Beginn des Schlaganfalls angewendet wird. Das Ziel der intravenésen
Thrombolyse (IVT) besteht darin, das Blutgerinnsel, das die Durchblutung des Gehirns
blockiert, medikamentds aufzulésen. Durch diesen Ansatz kann die Durchblutung des
betroffenen Hirnareals wiederhergestellt werden, wodurch sich neurologische Schaden
begrenzen lassen. Parallel dazu hat sich die mechanische Thrombektomie (MT) als eine
besonders wirksame Methode zur Wiederherstellung der zerebralen Durchblutung
bewahrt, insbesondere bei Patienten mit Arterienverschliissen, die durch groRe
Thromben hervorgerufen werden. Dabei wird der Thrombus mechanisch aus der

betroffenen Arterie entfernt. Die MT kommt vor allem bei Patienten zum Einsatz, sich
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im entsprechenden Zeitfenster befinden und technisch die mechanische Entfernung
eines Thrombus interventionell moglich ist. Beide Methoden sind in der Behandlung des
akuten Schlaganfalls zugelassen und schlieBen sich nicht gegenseitig aus, werden in
Kombination oder alleine in Abhangigkeit von Kontraindikationen/ anderen
limitierenden Faktoren (unzuganglicher GefaRverschluss) in der klinischen Routine
angewendet [1, 4]. Die Frage, ob die alleinige mechanische Thrombektomie (MT) mit
der Kombination aus intravendser Thrombolyse (IVT) und MT — der sogenannten
Bridging-Therapie (BT) — vergleichbar ist, hat daher eine hohe klinische Relevanz. Sie
beeinflusst nicht nur die Optimierung von Behandlungsstrategien, sondern auch die
effiziente Nutzung der Ressourcen im Gesundheitswesen. Die Bridging-Therapie bietet
den Vorteil, dass durch die initiale IVT ein Blutgerinnsel teilweise aufgelost wird,
wodurch moglicherweise die Voraussetzungen fiir eine nachgeschaltete MT verbessert
werden kdnnen. Allerdings birgt die Anwendung von IVT auch Risiken, insbesondere
die Gefahr von Blutungen, die bei einer verspateten Anwendung das Blutungsrisiko

erhoht.

Studien und Meta-Analysen zur Wirksamkeit und Sicherheit der Bridging-Therapie im
Vergleich zur alleinigen mechanischen Thrombektomie (MT) haben bisher zu
unterschiedlichen Ergebnissen geflihrt. Einige Untersuchungen legen nahe, dass die
alleinige MT in Bezug auf die Selbststandigkeit des Patienten bei der Verrichtung seiner
alltaglichen Aktivitaiten nach 90 Tagen, die Gesamtmortalitdt und die erfolgreiche
Wiederherstellung der Durchblutung nicht wesentlich schlechter abschneidet als die
Kombinationstherapie. Diese Erkenntnisse werfen wichtige Fragen ({iber den
zusatzlichen Nutzen der intravendsen Thrombolyse bei Patienten auf, die sich einer
mechanischen Thrombektomie unterziehen, und kdnnen potenziell Einfluss auf kiinftige
Behandlungsstrategien haben [8]. In bestimmten Situationen, insbesondere wenn die
Zeit vom Auftreten der Symptome bis zur Verabreichung der IVT weniger als 2 Stunden
und 20 Minuten betragt, konnte die alleinige MT sogar von Vorteil sein [7,8]. Hierbei
spielt die sogenannte ,Door-to-Needle-Zeit” eine kritische Rolle, da eine Verzogerung
bedingt durch eine vorhergehende IVT den Behandlungserfolg einer kombinierten IVT

zusammen mit einer Thrombektomie negativ beeinflussen kann.
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Eine Meta-Analyse, die die direkte endovaskulare Thrombektomie (DEVT) mit der
Bridging-Therapie verglich, fand heraus, dass die DEVT hinsichtlich der Selbststandigkeit
des Patienten bei der Verrichtung seiner alltdglichen Aktivitaten nach 90 Tagen, der
Mortalitat und der erfolgreichen Reperfusion nicht unterlegen war [8]. Dies deutet
darauf hin, dass die alleinige mechanische Thrombektomie (MT) eine praktikable und
moglicherweise ebenso effektive Behandlungsoption sein konnte, insbesondere bei
Patienten, bei denen Kontraindikationen fiir die intravendse Thrombolyse (IVT)
bestehen oder bei denen eine schnelle endovaskuldre Intervention im Vordergrund
steht. Interessanterweise zeigte dieselbe Meta-Analyse, dass die Rate symptomatischer
intrakranieller Blutungen (sICH) in der Gruppe, die eine Bridging-Therapie erhielt, hoher
war. Diese Ergebnisse unterstreichen die Notwendigkeit einer sorgfaltigen
Risikoabwagung der Kombinationstherapie, insbesondere bei Patienten mit erhdhtem
Blutungsrisiko [7,8]. Allerdings stellten andere Studien fest, dass es nach Risikofaktor-
Adjustierung keinen signifikanten Unterschied fiir das Risiko einer sICH zwischen BT und

MT allein gibt [7,8].

Ein weiterer in der Fachliteratur diskutierter Aspekt ist die potenzielle Rolle der Bridging-
Therapie bei der Verbesserung der Mikrozirkulation und der Verhinderung von
mikroembolischen Ereignissen wahrend der mechanischen Thrombektomie (MT).
Theoretisch kénnte die Vorbehandlung mit intravendser Thrombolyse (IVT) kleinere
Thrombusfragmente auflésen, die sich bei der mechanischen Entfernung des
Hauptthrombus l6sen und in periphere GefdlRe gelangen kdnnten. Dies wiirde dazu
beitragen, das Risiko sekundarer Infarkte zu reduzieren und die Gesamteffizienz der
Behandlung verbessern [5]. Diese Hypothese ist jedoch noch nicht abschlieSend
bewiesen und bedarf weiterer Forschung, um die genaue Wechselwirkung zwischen IVT
und MT zu klaren. Die Wahl der optimalen Behandlungsstrategie sollte nicht allein auf
der allgemeinen  Wirksamkeit der Methoden basieren, sondern auch
patientenspezifische Faktoren berticksichtigen. Dazu zdhlen das Alter des Patienten, die
GrolRe und Lage des Thrombus, die Zeit seit Beginn der Symptome sowie der allgemeine
Gesundheitszustand. So kdnnten Patienten mit einem erhohten Blutungsrisiko oder
Kontraindikationen fir eine intraventse Thrombolyse (IVT) von einer direkten

mechanischen Thrombektomie (MT) profitieren. Im Gegensatz dazu konnte bei

12



Patienten, die frihzeitig nach Auftreten der Symptome behandelt werden und keine
Kontraindikationen aufweisen, die Kombinationstherapie Vorteile bieten, da sie
potenziell eine schnellere und umfassendere Wiederherstellung der Durchblutung

ermoglicht.

Die aktuellen Ergebnisse der Meta-Analyse und der damit verbundenen Studien legen
nahe, dass eine individualisierte Herangehensweise erforderlich ist, um die besten
Behandlungsergebnisse zu erzielen. Die Einfihrung von patientenspezifischen
Behandlungsprotokollen, die eine rasche Identifizierung der optimalen Therapieoption
ermoglichen, konnte die Behandlungsergebnisse und die Effizienz des
Schlaganfallmanagements insgesamt verbessern.

Auch wenn die von uns durchgefliihnrte Metaanalyse wichtige Erkenntnisse
hervorgebracht hat, die Debatte Uber die optimale Anwendung von intravendser
Thrombolyse (IVT) und mechanischer Thrombektomie (MT) —sei es in Kombination oder
als alleinige Intervention — im Kontext des ischamischen Schlaganfalls ist noch nicht
abschlielend geklart. Um die offenen Fragen zu beantworten, sind weitere
randomisierte kontrollierte Studien notwendig, die ein tieferes Verstandnis der besten
Behandlungsansatze ermdglichen. Die Ergebnisse der vorliegenden Publikation leisten
einen wichtigen Beitrag zu dieser Diskussion, indem sie wertvolle Erkenntnisse iber die
potenziellen Vorteile und Risiken der verschiedenen Strategien liefern. Sie bilden eine
solide Basis flir die Entwicklung evidenzbasierter Leitlinien, die darauf abzielen, die
Akuttherapie von Schlaganfillen weiter zu verbessern und patientenorientiert zu

optimieren.

1.2. Hintergrund zum zweiten Manuskript

Die zweite Publikation befasst sich mit einer der haufigsten und komplexesten
Erkrankungen des Bewegungsapparates, der sogenannten Ischialgie, die hauptsachlich
durch lumbale Bandscheibenvorfille (LDH) verursacht wird. Die Ischialgie ist ein
Zustand, der durch Schmerzen entlang des Nervus ischiadicus gekennzeichnet ist, die
vom unteren Ricken tber das GesaR und die Beine bis in die FiRe ausstrahlen kann.

Diese Erkrankung kann entweder akut oder chronisch verlaufen, wobei die chronische
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Ischialgie oft eine langwierige und belastende Symptomatik darstellt. Die Ischialgie ist
weit verbreitet und betrifft weltweit eine erhebliche Zahl an Menschen. Die
Lebenszeitpravalenz wird auf etwa 13% bis 40% geschatzt, wobei etwa 90% der Falle auf
lumbale Bandscheibenvorfalle zurlickzufihren sind [2]. Bei den restlichen 10% kdnnen
auch andere Ursachen wie Muskelverspannungen im unteren Ricken, das Piriformis-
Syndrom, foraminale Stenosen, spinale Stenosen oder Spondylolisthesen eine Rolle

spielen [9].

Die aktuelle Meta-Analyse konzentriert sich darauf, die Wirksamkeit chirurgischer
Eingriffe im Vergleich zu konservativen Therapieansdtzen bei Patienten mit chronischer
Ischialgie infolge eines lumbalen Bandscheibenvorfalls zu untersuchen. Die Symptome
einer Ischialgie konnen stark variieren, umfassen jedoch haufig intensive, brennende
oder stechende Schmerzen entlang des Nervus ischiadicus. In schwereren Fallen treten
zusatzlich neurologische Symptome auf, wie ein Taubheitsgefiihl oder Paresen der
betroffenen Muskulatur, die die Lebensqualitit der Betroffenen erheblich

beeintrachtigen kénnen.

Ziel der hier prasentierten Meta-Analyse ist es, Erkenntnisse dariiber zu gewinnen,
welche Behandlungsmethode die besten Ergebnisse fir diese Erkrankung liefert. Fir
Patienten mit chronischer Ischialgie stehen verschiedene therapeutische Ansatze zur
Verfligung, die auf den spezifischen Symptomen und dem Schweregrad der Erkrankung
basieren. Diese reichen von konservativen MaRBnahmen, wie Physiotherapie und
medikamentéser Behandlung, bis hin zu invasiveren chirurgischen Eingriffen, wie der

Diskektomie oder andere Dekompressionsverfahren.

Konservative Behandlungsansatze sind haufig die erste Wahl bei der Behandlung der
Ischialgie infolge eines Bandscheibenvorfalles. Sie zielen darauf ab, die Schmerzen zu
lindern, die Funktionalitdt zu erhalten und das Fortschreiten der Erkrankung zu
verhindern, ohne dass unmittelbar auf invasive Eingriffe zuriickgegriffen werden muss.
Zu den konservativen MalRnahmen gehdren unter anderem physiotherapeutische
MaBnahmen, Dehnibungen und manuelle Therapie. Sie zielen darauf ab, die

Beweglichkeit der Wirbelsdule zu verbessern, die Muskulatur zu stirken und die
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Belastung des Nervus ischiadicus zu verringern. Insbesondere bei weniger schweren
Fallen hat sich die Physiotherapie als sehr effektiv erwiesen [9]. Bei schweren Fallen, die
mit neurologischen Symptome einhergehen sind und/oder bei bildmorphologisch
ausgepragten Befunden mit drohender Aggravation wird dann das operative

Therapieverfahren bevorzugt [9,10].

Schmerzmittel und entziindungshemmende Medikamente wie nichtsteroidale
Antirheumatika (NSAR) oder Kortikosteroide kdnnen verwendet werden, um akute
Schmerzen zu lindern und Entziindungsreaktionen zu reduzieren. Bei starkeren
Schmerzen koénnen auch opioidhaltige Prdaparate oder Antidepressiva zur
Schmerzmodulation in Erwdgung gezogen werden. In einigen Fallen werden auch
Injektionen von Kortikosteroiden in den Bereich des betroffenen Bandscheibenvorfalls
angewendet, um die Entziindungsreaktion zu lindern. Eine Anderung des Lebensstils,
wie z.B. die Verbesserung der Kérperhaltung, das Vermeiden von langem Sitzen oder
das Erlernen von ergonomischen Techniken bei alltdglichen Aktivitaten, kann ebenfalls

eine Linderung der Beschwerden bringen.

Die konservativen Methoden bieten einen hohen Grad an Wirksamkeit und kénnen bei
bis zu 90% der Patienten zu einer Verbesserung der Symptome fiihren [10]. Ein
wesentlicher Vorteil dieser Methoden ist, dass sie nicht invasiv sind und kein
Komplikationsrisiko besteht.

Sie sind in der Regel kostenglinstiger und erfordern kiirzere Krankenhausaufenthalte
oder gar keine stationare Behandlung. Bei chronischer Ischialgie, die trotz konservativer
Behandlung weiterhin besteht oder sich verschlechtert, kdnnen chirurgische Eingriffe
notwendig werden. Die gangigsten chirurgischen Verfahren sind die Diskektomie und
die Dekompression, bei denen der betroffene Bandscheibenvorfall entweder entfernt

oder entlastet wird, um den Druck auf den Nervus ischiadicus zu verringern.

Die Diskektomie ist ein chirurgischer Eingriff, bei dem der Teil der Bandscheibe entfernt
wird, der Druck auf den Nervus ischiadicus austibt. Diese Methode wird besonders dann
empfohlen, wenn konservative Behandlungen nicht ausreichend wirken und Schmerzen

weiterhin bestehen. In der Regel erfolgt die Diskektomie minimalinvasiv lber einen
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kleinen Schnitt und hat sich bei vielen Patienten mit Bandscheibenvorfallen als sehr

effektiv erwiesen.

Dekompressionsverfahren kommen hingegen zum Einsatz, wenn neben einem
Bandscheibenvorfall weitere Ursachen wie Spinalkanalstenosen oder
Knochenwucherungen (Osteophyten) den Nerv zusatzlich komprimieren. Ziel ist es, den
Druck auf den betroffenen Nerv durch gezielte Entlastung zu verringern, um Schmerzen
und andere neurologische Symptome zu reduzieren. Chirurgische Eingriffe bieten den
Vorteil einer schnelleren Schmerzlinderung im Vergleich zu konservativen
Behandlungen, insbesondere bei schwerwiegenden Fallen der Ischialgie. Viele Patienten
erleben bereits unmittelbar nach der Operation eine deutliche Besserung der
Symptome. Chirurgische Eingriffe sind jedoch nicht ohne Risiken; Infektionen,
Nervenschaden oder das Wiederauftreten der Symptome missen in diesem

Zusammenhang erwahnt werden [11].

Eine zentrale Fragestellung der hier prasentierten Meta-Analyse ist der Vergleich der
Wirksamkeit chirurgischer Eingriffe gegenliber konservativen Therapieansdtzen bei
Patienten mit chronischer Ischialgie infolge eines lumbalen Bandscheibenvorfalls. Die
bisher vorliegenden Daten deuten darauf hin, dass chirurgische Interventionen meist zu
einer schnelleren Linderung der Riickenschmerzen fiihren. Im Gegensatz dazu scheinen
konservative Behandlungsansatze langfristig eine bessere Wirkung auf die Reduktion
der Beinschmerzen sowie auf die allgemeine Lebensqualitat der Patienten zu haben. Die
Erkenntnisse unterstreichen die Bedeutung einer individuellen Therapieentscheidung,
die sowohl die kurzfristigen als auch die langfristigen Ziele der Behandlung

berlicksichtigt [10,11].

Ein bedeutender Vorteil der konservativen Behandlung liegt darin, dass sie nicht
invasiv ist und in der Regel mit keinem Risiko fiir Komplikationen einhergeht. Sie eignet
sich besonders fiir Patienten, bei denen die Symptome mild sind oder das Risiko einer
Operation als zu hoch eingeschatzt wird. Auf der anderen Seite kdnnen chirurgische
Eingriffe eine entscheidende Option fir Patienten darstellen, die unter anhaltenden

oder schwerwiegenden Beschwerden leiden und bei denen konservative
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MaBnahmen keine ausreichende Linderung gebracht haben. Diese duale
Herangehensweise betont die Notwendigkeit einer individuellen Behandlungsstrategie,
die sowohl die Schwere der Symptome als auch die spezifischen Bediirfnisse und Risiken

des Patienten bericksichtigt.

Die systematische Analyse der vorliegenden Daten zeigt, dass sowohl chirurgische als
auch konservative Behandlungsansatze ihre eigenen Vorteile aber auch Nachteile
haben. Chirurgische Eingriffe bieten eine schnelle und signifikante Schmerzlinderung,
was besonders bei schweren Fallen der Ischialgie von Bedeutung ist. Auf der anderen
Seite bieten konservative Methoden eine nicht-invasive und oft sicherere Option fir
Patienten mit weniger ausgepragten Beschwerden. Der Schlissel zum Erfolg liegt in der
richtigen Auswahl der Behandlung basierend auf der Schwere der Symptome, dem
allgemeinen Gesundheitszustand des Patienten und den individuellen Risikofaktoren.
Fir die klinische Praxis bedeutet dies, dass eine personalisierte Therapie notwendig ist,
die sowohl die medikamentose und physiotherapeutische Unterstiitzung als auch
chirurgische Optionen berlicksichtigt, um die bestmoglichen Ergebnisse fir den
Patienten zu erzielen. Eine frihzeitige Diagnhose und die richtige Wahl der
Behandlungsmethoden kénnen den Verlauf der Erkrankung positiv beeinflussen und

langfristige Gesundheitsprobleme verhindern.

Diese Analyse verdeutlicht, wie wichtig es ist, den richtigen Behandlungsansatz fiir die
chronische Ischialgie auszuwahlen. Wahrend chirurgische Eingriffe bei vielen Patienten
eine schnelle Linderung der Symptome bieten, zeigen konservative Methoden eine
nachhaltige Wirkung auf die Lebensqualitdt. Die Wahl der optimalen Therapie sollte
stets auf den individuellen Bedirfnissen der Patienten basieren und sowohl die Vor- als
auch die Nachteile jeder Methode abwagen. Zukiinftige Studien konnten helfen,
genauere Richtlinien fir die Auswahl der Behandlungsmethoden fir Patienten mit

chronischer Ischialgie weiter zu entwickeln und zu optimieren.

1.3. Hintergrund zum dritten Manuskript

Die dritte Publikation widmet sich der Behandlung unrupturierter intrakranieller

Aneurysmen (UIAs), die aufgrund ihres Rupturrisikos und die daraus resultierende
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subarachnoidale Blutung (SAH) eine bedeutende klinische Herausforderung darstellen.
Zerebrale Aneurysmen sind ein Risiko fiir intrakranielle Blutungen, ihre Behandlung hat
einen grofBen Einfluss auf die Mortalitdt und Morbiditdt von Betroffenen [12].
Unrupturierte intrakranielle Aneurysmen haben eine Pravalenz von etwa 2-5%; diese
Zahl zeigt, dass ein betrachtlicher Teil von Betroffenen mit einem Aneurysma der
intrakraniellen Arterien leben, ohne dass dieses zu einem akuten klinischen Vorfall
fuhrt [13].

Eine zentrale Frage bei der Behandlung von unrupturierten intrakraniellen Aneurysmen
(UlAs) ist, ob diese prophylaktisch/praventiv behandelt werden sollten, um das Risiko
einer Ruptur zu verringern. Patienten ohne Symptome oder erkennbare Risikofaktoren
fiir eine Ruptur werden konservativ behandelt und im Verlauf beobachtet [13]. Diese
"watchful waiting"-Strategie beinhaltet regelmafige Kontrolluntersuchungen, ohne
sofortige Intervention [12,13]. Sie wird hadufig bei kleineren, asymptomatischen

Aneurysmen angewendet, bei denen die Rupturgefahr als gering eingeschatzt wird [13].

Bei Patienten mit einem héheren angenommen Rupturrisiko hingegen ist die Wahl der
geeigneten Behandlungsstrategie von entscheidender Bedeutung. Ziel ist es, das Risiko
einer akuten Blutung zu minimieren und durch den Eingriff keine Schaden zu
verursachen. Fir die Entscheidung fir eine der Therapieoptionen spielen
unterschiedliche Faktoren eine Rolle; die Lokalisation des Aneurysmas, die
Zugangsmoglichkeiten zum Aneurysma fiir das eine oder andere Verfahren, die GroRRe
des Aneurysmas und die morphologische Konfiguration bestimmen die Auswahl des

Verfahrens [12-14].

Die Technik des chirurgischen Clippings beinhaltet die invasive Mallnahme einer
Kraniotomie, bei der ein Clip direkt am Aneurysma platziert wird, um dieses
auszuschalten. Wahrend das chirurgische Clipping effektiv darin ist, Aneurysmen zu
verschlieRen, ist es mit einer Reihe von Herausforderungen und Risiken verbunden, wie
beispielsweise der Notwendigkeit einer invasiven Operation, die mit einer langeren
Erholungszeit und potenziellen Komplikationen wie einer Infektion oder direkten

Hirnverletzung einhergehen kann [14].
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In den letzten Jahren hat sich das endovaskuldre Coiling als eine weniger invasive
Alternative zum chirurgischen Clipping etabliert. Das endovaskulare Coiling ist eine
minimalinvasive Technik, bei der ein Katheter durch die Arterie zum Aneurysma gefiihrt
wird. Dort wird ein draht- oder spiralformiges Material (Coil) in das Aneurysma
eingeflhrt, um es von innen zu verschliefen und so eine Ruptur zu verhindern. Diese
Technik hat den Vorteil, dass sie ohne Kraniotomie auskommt, was das Risiko fiir
postchirurgische Komplikationen verringert und die Erholungszeit erheblich verkirzt
[14]. Ein weiterer Vorteil des endovaskuldren Coiling besteht darin, dass diese Methode
bei Patienten angewendet werden kann, die moglicherweise nicht fir eine offene
Operation in Frage kommen, sei es aufgrund von Alter, Komorbiditdten oder anderen

limitierenden Faktoren.

Die Diskussion dariiber, welche Behandlungsstrategie flr Patienten mit unrupturierten
intrakraniellen Aneurysmen (UIAs) am besten geeignet ist, bleibt weiterhin kontrovers.
In der klinischen Praxis besteht nach wie vor erhebliche Unsicherheit dariiber, wann, bei
wem und ob das chirurgische Clipping oder das endovaskuldre Coiling gewahlt werden
sollte [12,13]. Beide Ansdtze haben ihre eigenen Vor- und Nachteile. Wahrend das
Clipping durch seine langfristige Effektivitdt besticht, ist es invasiver und birgt hdhere
perioperative Risiken. Das Coiling hingegen ist weniger invasiv und bietet eine kiirzere
Erholungszeit, erfordert jedoch in bestimmten Fallen ein Wiederholen der MaRnahme
[12]. Diese Unsicherheiten erfordern eine sorgfaltige interdisziplinare Abwagung um die
bestmogliche Therapieoption fiir das einzelne Individuum auszusuchen; systematische
Auswertungen von vorhandenen Daten die dazu Auskunft geben kénnen sind hier von

groflem Nutzen [13].

Die vorliegende Meta-Analyse zielt darauf ab, die Frage zu beantworten in welcher
Situation das chirurgische Clipping oder das endovaskuldares Coiling als
Behandlungsoption der UlAs die beste Wahl darstellt, um dem Patienten effektiv zu
helfen und Risiken zu minimieren. Unsere Meta-Analyse zeigt, dass das endovaskulare
Coiling als eine weniger invasive Methode mit einer geringeren Mortalitdt und
Morbiditdt assoziiert ist, die weniger Komplikationen verursacht und eine schnellere

Erholung des Patienten nach dem Eingriff ermoglicht. Auf der anderen Seite zeigt das
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chirurgische Clipping zu einem hoheren Prozentsatz einen kompletten Verschluss des
Aneurysmas, ohne dass weitere Eingriffe in der Folge erforderlich sind. Beide Verfahren
sind jedoch hochwirksam, um das Risiko einer Ruptur zu minimieren und das Uberleben

der Patienten zu sichern.

Die Relevanz dieser Analyse fiir die klinische Praxis ist erheblich, da sie den Arzten eine
evidenzbasierte Grundlage bietet, um fundierte Entscheidungen Uber die Behandlung
von UIAs zu treffen. Durch die Berlicksichtigung der spezifischen Merkmale des
Aneurysmas sowie der demografischen und gesundheitlichen Faktoren der Patienten
kann die richtige Wahl getroffen werden, um das bestmdgliche Ergebnis fir den
Patienten zu erzielen. Zudem zeigt diese Analyse, wie wichtig es ist, neue Techniken wie
das endovaskuldre Coiling in die klinische Praxis zu integrieren, um im interdisziplindren

Diskurs dem Patienten die sicherste und effektivste Behandlung anzubieten.
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2. Ubersicht zu den Manuskripten

Die drei hier prasentierten Publikationen basieren auf einer umfassende Analyse der
aktuell verfligbaren Daten und untersuchen welche Behandlungsstrategie in der
jeweiligen Situation Vorteile bieten. Aus dem Bereich des klinischen Faches der
Neurologie wurden dabei bei drei Krankheitsentititen unterschiedliche
Therapieoptionen auf Wirksamkeit und Sicherheit untersucht. Dafiir werden nach ganz
bestimmten Kriterien veroffentlichte klinische Studien analysiert und jeweils zur einer
Meta-Analyse aggregiert. Alle drei Meta-Analysen wurden im SCI (Science Citation Index

(SCI) bzw. PubMed) verzeichneten Zeitschriften veroffentlicht.

Die erste Arbeit widmet sich der Akuttherapie von Schlaganfadllen und untersucht
welchen Nutzen die Kombinationstherapie bestehend aus mechanischer
Thrombektomie und intravendser Thrombolyse gegeniiber der Thrombektomie alleine

bietet.

Die zweite Publikation richtet den Fokus auf die Behandlung der chronischen Ischialgie
infolge eines lumbalen Bandscheibenvorfalles und vergleicht den chirurgischen mit dem

konservativen Ansatz zur Behandlung der Stérung.

Die dritte Arbeit untersucht die praventive Behandlung eines unrupturierten
intrakraniellen Aneurysmas durch das Verfahren des operativen Clippings versus der
endovaskularen Methode des Aneurysma-Coilings, um das Risiko einer Ruptur des
Aneurysmas zu reduzieren und damit der damit verbundenen lebensbedrohlichen

Subarachnoidalblutung.

Gemeinsam tragen diese Meta-Analysen dazu bei, die klinische Entscheidungsfindung
zu verbessern und Behandlungsstrategien zu férdern, die auf individuelle Bedirfnisse

der Patienten zugeschnitten sind.
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2.1. Erstes Manuskript

Comparative Effectiveness of Intravenous Thrombolysis plus Mechanical
Thrombectomy versus Mechanical Thrombectomy Alone in Acute Ischemic Stroke: A

Systematic Review and Meta-Analysis

Autor(en): Ali Hammed, Almonzer Al-Qiami, Ahmad Alzawahreh, Josef Rosenbauer,
Eman Ayman Nada, Zina Otmani, Nada G. Hamam, Asmaa Zakria Alnajjari, Elsayed

Mohamed Hammad, Rawan Hamamreh, Karel Kostevi, Gregor Richter, Christian Tanislav

Veroéffentlicht in: Cerebrovascular Diseases, DOI: 10.1159/000541033, veroffentlicht am
24. August 2024

In dieser Meta-Analyse wurde die kombinierte Anwendung von intravendser
Thrombolyse (IVT) und mechanischer Thrombektomie (MT) mit der alleinigen MT bei
der Behandlung von akuten ischamischen Schlaganfallen verglichen. Ziel war es, die
Wirksamkeit und Sicherheit der Kombinationstherapie gegentiber der alleinigen MT zu

bewerten.

Eigenanteil der Autoren:

Konzeption und Design: Ali Hammed MD, Almonzer Al-Qiami, Christian Tanislav MD
Datenanalyse: Ali Hammed, Almonzer Al-Qiami, Christian Tanislav MD

Verfassen des Manuskripts: Ali Hammed, Almonzer Al-Qiami, Christian Tanislav MD
Mitwirkung bei der Erstellung und Bearbeitung des Manuskripts: Josef Rosenbauer
MD, Asmaa Zakria Alnajjar, Rawan Hamamreh

Datenextraktion und Bewertung des Risikos fiir Verzerrungen: Elsayed Mohamed
Hammad, Zina Otmani, Ahmad Alzawahreh, Nada G. Hamam, Eman Ayman Nada
Kritische Riickmeldung und Manuskriptiiberpriifung: Karel Kostev, DMSc, PhD, Gregor
Richter MD

Supervision: Ali Hammed, Christian Tanislav
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2.2. Zweites Manuskripts

Surgical versus Conservative Management of Chronic Sciatica (>3 Months) due to

Lumbar Disc Herniation: Systematic Review and Meta-Analysis

Autor(en): Ali Hommed, Almonzer Al-Qiami, Hamza Alsalhi, Amjad Almansi, Mahmoud

Massoud, Ahmad Alzawahreh, Abdelrahman Hamouda, Christian Tanislav

Veroffentlicht in: Cureus Journal, DOI: 10.7759/cureus.59617. eCollection,
veroffentlicht am 5. April 2024

Diese Meta-Analyse untersucht die Wirksamkeit und Sicherheit von chirurgischen
Eingriffen im Vergleich zu konservativen Therapien bei Patienten mit chronischer
Ischialgie infolge eines lumbalen Bandscheibenvorfalls. Die Autoren analysierten in der
hier prasentierten Arbeit, welcher Behandlungsansatz bei dieser Patientengruppe am

effektivsten ist.

Eigenanteil der Autoren:

Konzeption und Design: Abdelrahman Hamouda, Ali Hammed, Hamza Alsalhi, Almonzer
Al-Qiami, Amjad Almansi, Mahmoud Massoud, Ahmad Alzawahreh

Datenakquise, Analyse und Interpretation: Abdelrahman Hamouda, Hamza Alsalhi,
Christian Tanislav, Almonzer Al-Qiami, Amjad Almansi, Mahmoud Massoud, Ahmad
Alzawahreh

Verfassen des Manuskripts: Abdelrahman Hamouda, Ali Hammed, Hamza Alsalhi,
Christian Tanislav, Almonzer Al-Qiami, Amjad Almansi, Mahmoud Massoud, Ahmad
Alzawahreh

Kritische Uberpriifung des Manuskripts: Ali Hammed, Almonzer Al-Qiami, Amjad
Almansi, Mahmoud Massoud

Supervision: Ali Hammed, Christian Tanislav
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2.3.  Drittes Manuskript

Preventive clipping versus coiling in unruptured intracranial aneurysms: A

comprehensive meta-analysis and systematic review to explore safety and efficacy

Autor(en): Ali Hammed, Almonzer Al-Qiami, Omar Alomari, Zina Otmani, Salah
Hammed, Khaled Sarhan, Mohamed Derhab, Abdelrahman Hamouda, Josef

Rosenbauer, Karel Kostev, Gregor Richter, Veit Braun, Christian Tanislav

Veroffentlicht in: Neurological Sciences Journal, DOI: 10.1007/s10072-024-07963-1,

veroffentlicht am 30. Januar 2025

Diese umfassende Meta-Analyse untersucht die Wirksamkeit und Sicherheit der
Behandlung von unrupturierten intrakraniellen Aneurysmen (UlAs) mit chirurgischem
Clipping im Vergleich zu endovaskularem Coiling. Ziel der Studie war es, die Pravention
von Aneurysma-Rupturen zu optimieren und die sicherste und effektivste Therapie fiir
diese Patienten zu bestimmen. Das Ergebnis unterstitzt die Entscheidungsfindung in der
klinischen Praxis und tragt dazu bei, evidenzbasierte Richtlinien fir die Behandlung von

UlAs zu entwickeln.

Eigenanteil der Autoren:

Konzeption und Design: Ali Hammed, Omar Alomari, Almonzer Al-Qiami, Salah
Hammed, Khaled Sarhan, Mohamed Derhab, Abdelrahman Hamouda

Datenakquise, Analyse und Interpretation: Almonzer Al-Qiami, Omar Alomari, Zina
Otmani, Salah Hammed, Ali Hammed, Abdelrahman Hamouda

Verfassen des Manuskripts: Ali Hommed, Almonzer Al-Qiami, Josef Rosenbauer, Omar
Alomari, Karel Kostev, Abdelrahman Hamouda

Kritische Uberpriifung des Manuskripts: Salah Hammed, Almonzer Al-Qiami, Mohamed
Derhab, Gregor Richter. Veit Braun

Supervision: Christian Tanislav, Ali Hammed
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3. Manuskripte in der Originalversion

3.1.  Erstes Manuskript

Comparative Effectiveness of Intravenous Thrombolysis plus Mechanical
Thrombectomy versus Mechanical Thrombectomy Alone in Acute Ischemic Stroke: A
Systematic Review and Meta-Analysis.

Hammed A, Al-Qiami A, Alzawahreh A, Rosenbauer J, Nada EA, Otmani Z, Hamam NG,
Alnajjar AZ, Mohamed Hammad E, Hamamreh R, Kostev K, Richter G, Tanislav C,;
Cerebrovasc Dis. 2024 Aug 24:1-14. doi: 10.1159/000541033. Epub ahead of print.
PMID: 39182478.
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Abstract

Introduction: The treatment of acute ischemic stroke due
to large artery vessel occlusion experienced a dramatic
development within the last decade. This meta-analysis
investigates the effectiveness of bridging therapy (BT)
versus mechanical thrombectomy (MT) alone in treating
acute ischemic stroke. Methods: Two independent re-
viewers assessed two-arm clinical trials from Scopus,
PubMed, Web of Science, and the Cochrane Library up to
January 2024. Data extraction and quality were evaluated
using the ROBINS-2 tool. Our primary outcomes were

improvement in NIHSS scores and 90-day modified Rankin
Scale (mRS) score. Results: This meta-analysis, which in-
cluded 2,638 participants from 8 randomized controlled
trials, found that BT resulted in a greater improvement in
NIHSS scores from baseline compared to endovascular
treatment alone (mean difference [MD] 0.96, 95% confi-
dence interval [Cl): [0.73-1.20], p < 0.00001). Additionally,
BT group achieved successful recanalization more fre-
quently before and after thrombectomy. Thrombectomy
alone hat a shorter time from stroke onset to groin
puncture compared to BT (MD 9.91, 95% Cl: [4.31-15.52],
p = 0.005). Functional outcomes, mortality rates, symp-
tomatic intracerebral hemorrhage rates, and long-term
recovery metrics, such as Barthel index and modified
Rankin Scale scores, were comparable between both
treatment approaches. Conclusion: BT is superior to
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endovascular treatment alone based on NIHSS score im-
provement and successful reperfusion rates before and
after thrombectomy. Despite MT alone demonstrating a
shorter time from stroke onset to groin puncture (MD of
9.91 min), it did not contribute to greater NIHSS im-
provement at 24 h and 7 days. Further trials with larger
sample sizes are warranted to enhance precision in clinical
guidance. © 2024 S. Karger AG, Basel

Introduction

The treatment of acute ischemic stroke due to large
artery vessel occlusion has experienced dramatic devel-
opment within the last decade, with a variety of thera-
peutic approaches emerging that are increasingly well
adapted to individual patient circumstances [1, 2]. The
current guidelines recommend that patients with acute
ischemic stroke from a large arterial occlusion undergo
intravenous thrombolysis (IVT) within 4.5 h of stroke
onset [3]. Furthermore, in addition to IVT, standards also
recommend mechanical thrombectomy (MT) in the case
of a treatable large arterial occlusion. This approach is
based on the premise that IVT can initiate recanalization
and potentially improve microvascular flow, thereby
enhancing the efficacy of subsequent MT [1]. Depending
on stroke patterns, both procedures can each be per-
formed alone or together [1, 4].

While IVT itself is an effective therapy, MT alone is
also effective in treating acute ischemic stroke, improving
outcomes among patients ineligible for IV alteplase [2] in
particular. The question is whether MT alone is as ef-
fective as MT plus systemic lysis (also called bridging
therapy or BT), especially for patients eligible for IVT.
Some studies suggest that MT alone may be non-inferior
to bridging therapy (BT) in terms of efficacy and safety,
and may be associated with a significant benefit if the time
between symptom onset and expected administration of
IVT is no more than 2 h and 20 min [5].

A meta-analysis comparing direct endovascular
thrombectomy (DEVT) alone and BT found statistically
significant non-inferiority of DEVT compared to BT with
regard to 90-day functional independence, mortality, and
successful reperfusion. Interestingly, the symptomatic
intracranial hemorrhage (sICH) rate was superior in the
DEVT group [2]. Another study found no significant
difference in the risk of sSICH between the BT and MT
alone groups after adjusting for confounders [4].

The choice between BT and MT alone should consider
individual patient factors including the timing of stroke
onset, the size and location of the occlusion, and the

Cerebrovasc Dis
DOI: 10.1159/000541033

(5]

patient’s overall health status. While BT remains the
standard of care for eligible patients, MT alone is a viable
option, particularly when IVT is contraindicated or when
rapid reperfusion is necessary.

The aim of our study was to refine treatment protocols
and identify which patient subgroups with ischemic
stroke due to large vessel ocdusion benefit most from
intravenous alteplase plus endovascular treatment com-
pared to endovascular treatment alone. We compare both
methods regarding successful recanalization (TICI 2b-3),
NIHSS scores, functional outcomes (mRS, Barthel Index),
mortality rates, symptomatic intracerebral hemorrhage
rates, and median final lesion volume on follow-up im-
aging. Our goal was to determine which treatment is more
effective in practice, guiding future stroke management
guidelines.

Methods

This systematic review was conducted in accordance
with the guidelines outlined in the Cochrane Handbook
of Systematic Reviews of Interventions [6] and adhered to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA 2020) guidelines [7]. The
prespecified protocol for this review is registered with
PROSPERO (CRD42024498238). We conducted the
analysis using Review Manager (RevMan) Version
(7.5.0) [8].

Eligibility Criteria

Inclusion criteria:

Population: studies about patients with large cerebral
artery occlusion or tandem lesions.
« Intervention: studies in which the experimental group
received bridging therapy (intravenous alteplase
and MT).
Comparator: studies in which the control group re-
ceived MT only.
Study design: only randomized clinical trials were
included.
Exclusion criteria:
Studies that met the following criteria were excluded:
(1) case reports, case series, or observational studies; (2)
review articles or meta-analyses; (3) animal studies; (4)
conference abstracts and letters; (5) descriptive studies or
studies that did not report our predefined outcomes.

This review included studies involving patients with
large cerebral artery occlusion or tandem lesions who
underwent BT, comprising intravenous alteplase ad-
ministration followed by MT. Studies in which the

Hammed et al.
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control group received MT alone were also included.
Eligible studies were required to report clear efficacy and
safety outcome measures. Only randomized clinical trials
were considered for inclusion. Conversely, studies
meeting the following exclusion criteria were excluded:
(1) case reports, case series, or observational studies; (2)
review articles or meta-analyses; (3) animal studies; (4)
conference abstracts and letters; (5) descriptive studies or
those failing to report predefined outcomes.

Search Strategy and Screening

We conducted a comprehensive search across multiple
databases including PubMed, Scopus, Embase, and Web of
Science (WOS) with no restrictions on language or publi-
cation date. This systematic search was carried out for all
studies published up until January 2024, utilizing a combi-
nation of search terms related to MT, endovascular therapy,
and large cerebral artery occlusion. The search strategy in-
cluded terms such as “mechanical thrombectomy,” “endo-
vascular thrombectomy,” “bridging therapy,” “intravenous
thrombolysis,” and specific descriptors for large vessel is-
chemic stroke. Artidles identified during the search were
imported into the Covidence website [9] for deduplication
and initial screening based on title and abstract. Three review
authors independently assessed the relevance of the search
results, with potential studies undergoing further eligibility
screening by two additional reviewers. Any discrepancies
were resolved through discussion with the first author.

Data Collection

Three review authors independently extracted relevant
data from the included studies using predefined data
extraction forms available online. The extracted data
encompassed two main aspects: (1) baseline character-
istics of study participants, including age, sex, weight,
occlusion site, time from stroke onset to randomization,
time from randomization to start of alteplase, median
ASPECTS (IQR) score, history of stroke, hypertension,
atrial fibrillation, CTP admission, mismatch (%), eTICI
score of more than 2¢, angiographic improvement,
TMAX >6 volume, infarct expansion rate, LKW to re-
perfusion, Barthel Index of 95-100 at 90 days, improved
angiographic eTICI score, and study location; and (2)
examined outcomes such as mRS at 90 days, vasospasm,
mortality, successful reperfusion, NTHSS mean difference
(MD), serious adverse events within 90 days, Barthel
Index score of 95-100 at 90 days, improvement in the
modified Rankin scale at 90 days, median final lesion
volume on follow-up imaging (mL), time from stroke
onset to groin puncture, infarction in new territory at 5-7
days, large or malignant MCA infarction, and need for
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embolization of new territory. Data extraction was
conducted separately for the intervention group and the
comparative group.

Categorical data were expressed as event count and
number of participants, while continuous outcomes were
expressed as median, interquartile range, and number of
participants. A fourth review author meticulously checked
the extracted data and addressed any missing data to
ensure data integrity and accuracy before proceeding with
the analysis. Any disagreements arising were resolved
through discussion among the review authors.

Quality Assessment

To assess the risk of bias (RoB) in each study included,
two review authors utilized the Cochrane RoB tool for
randomized trials version 2 (ROB2) [10]. This tool
evaluates seven domains: (1) sequence generation (se-
lection bias), (2) allocation sequence concealment (se-
lection bias), (3) blinding of participants and personnel
(performance bias), (4) blinding of outcome assessment
(detection bias), (5) incomplete outcome data (attrition
bias), (6) selective outcome reporting (reporting bias),
and (7) other potential sources of bias. For each domain,
we categorized the risk as “low risk,” “some concerns,” or
“high risk” based on predetermined criteria and followed
the algorithms suggested by ROB 2.0 to make final
judgments. This rigorous assessment allowed us to
evaluate the quality and reliability of the studies included
and ensure the validity of our findings.

Measures of Treatment Effect

Primary outcome measures:

Improvement in NIHSS score.

90-day modified Rankin Scale (mRS) score.
Secondary outcome measures:

Successful recanalization before thrombectomy.
Successful recanalization (TICI 2b-3) after thrombectomy.
Symptomatic intracerebral hemorrhage.

Mortality.

Barthel Index score of 95-100 at 90 days.
Improvement in modified Rankin scale at 90 days.
Median final lesion volume on follow-up imaging (mL).
Time from stroke onset to groin puncture.

Synthesis Methods

For outcomes that constitute dichotomous data, the
risk ratio (RR), along with its confidence interval (CI),
was pooled in the Mantel-Haenszel random-effect model.
For outcomes that constitute continuous data, the MD
between the two groups from the baseline to the endpoint,
with its CI, was pooled in the random-effect model.
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Identification of studies via databases and registers

Total (n =

Records identified from
databases:

SCOPUS (n = 824)
PubMed (n = 904)

Records removed before

3353) screening:

Duplicate records removed
(n=1139)

-

(n=38)

Records screened Records excluded
—
(n=2214) (n=2176)
Reports sought for retrieval
2 (n=38)
8 Reports excluded:
l Review article (n = 14)
Reports assessed for eligibility Editorial (n = 3)
o

Cohort study (n = 8)

Secondary analysis (n = 5)

A4

(n=8)

Total studies included in review

Fig. 1. PRISMA flow diagram of studies’
screening and selection.

Results

Study Selection and Characteristics

As shown in Figure 1, 3,353 studies were identified in
the initial search. After removing duplicates, 2,214 studies
remained. Following the screening of titles and abstracts,
2,176 studies were excluded, leaving 38 articles for full-
text screening. Of these, eight articles [4, 11-18] met the
eligibility criteria and were included in our study.

Study and Treatment Characteristics

Study and treatment characteristics are summarized in
Table 1. The analysis included 2,638 participants. The
most common artery occlusion across the studies was M1,
the first segment of the middle cerebral artery. The in-
tervention used in all studies was BT, with thrombectomy
alone as the comparator. Additional details are provided
in Table 1 for a more comprehensive examination of
study and treatment characteristics.
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Risk of Bias

The RoB assessment is illustrated in Figure 2. Seven
RCTs were classified as having low RoB, while one RCT
was deemed to have moderate RoB.

Meta-Analysis

Efficacy Outcomes

Improvement in NIHSS Score

Five studies reported NIHSS score improvements after
24h, and three studies reported improvements after 7 days.
The meta-analysis using a fixed-effects model indicated
that improvement in the NIHSS score from baseline fa-
vored the BT group (MD 0.96, 95% CI: [0.73-1.20], p <
0.00001). Subgroup analysis showed that the BT group had
better improvement after 24 h (MD 094, 95% CI:
[0.56-1.32], p < 0.00001) and after 7 days (MD 0.98, 95%
CI: [0.67-1.29], p < 0.00001), as shown in Figure 3.

Hammed et al.



Favorable Outcome (mRS 0-2)

Eight studies (n = 2,638 patients) reported the fre-
quency of patients with a favorable outcome based on the
mRS score (ranging from zero to 2). The pooled RR for a
favorable outcome (mRS 0-2) did not favor either
technique (RR 1.05, 95% CL [0.97-1.13]), as shown in
Figure 4.

Successful Reperfusion before Thrombectomy

Five studies (n = 2,085 patients) reported the frequency
of successful recanalization achieved with IVT before
MT. The pooled RR for successful recanalization favored
the BT group (RR 2.42, 95% CI: [1.43-4.10], p = 0.001),
shown in Figure 5.

Successful Recanalization (TICI 2b-3) after

Thrombectomy

Eight studies (n = 2,523 patients) reported the
frequency of successful recanalization (TICI 2b-3) for
both techniques. The pooled RR for successful re-
canalization (TICI 2b-3) favored the BT group (RR
1.05, 95% CI: [1.01-1.09], p = 0.009), as shown in
Figure 6.

Barthel Index Score of 95-100 at 90 Days

Four studies (n = 1,294 patients) reported the Barthel
Index. The pooled relative risk (RR) of a Barthel Index
score of 95-100 at 90 days did not favor either technique
(RR 1.13, 95% CI: [0.93-1.37], p = 0.22), as shown in
Figure 7.

Improvement in Modified Rankin Scale at 90 Days

Six studies (n = 1,308 patients) reported improvement
in the modified Rankin Scale at 90 days. The overall MD
in improvement in mRS from baseline did not favor
either technique (MD -0.04, 95% CI: [-0.22-0.13], p =
0.63), as shown in Figure 8.

Safety Outcomes

Symptomatic Intracerebral Hemorrhage

Eight studies (n = 4,731 patients) reported the fre-
quency of symptomatic intracerebral hemorrhage (ICH).
The pooled RR for ICH did not favor either technique
(RR 1.23, 95% CI: [0.88-1.74], p = 0.23), as shown in
Figure 9.

Mortality

Seven studies (n = 2,420 patients) reported 90-day
mortality. The pooled RR for mortality did not favor
either technique (RR 0.91, 95% CI: [0.75-1.10], p = 0.34),
as shown in Figure 10.
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MT + IVT  MT alone

ASPECTS (score),
median (IQR)

MT alone

median (IQR)

Time from stroke onset
to therapy start (hours),

occlusion location

Predominant
MT 4 IVT  MT alone MT + IVT MT alone MT + IVT

Sex, female, n (%)

Age, median (IQR),
MT + IVT  MT alone

years

Table 1. Studies selected for inclusion in the present meta-analysis

Study 1D

9 (8-10) 9(8-10)

130 (103-180)

135 (106-185)

M1

M1

112 (41)
59 (40)
50 (43.1)
16 (40)
24 (46)
45 (45)

122 (45.9)

69 (60-79) 68 (47)

72 (62-80)

LeCouffe et al. [12] (2021) 69 (61-77)

Mitchell et al. [13] (2022)
Zi et al. [14] (2021)

10 (9-10)
8 (7-9)

10 (9-10)
8 (7-9)

M1

M1

70 (61-78)

210 (179-55) 200 (155-247)

M1

M1

70 (60-77) 52 (44.1)

70 (60-78)

M1

M1

14 (35)
28 (46)

64 (59-69) 63 (59-68)

73 (71-76)

Pang W et al. [15] (2022)
Renu et al. [16] (2022)
Suzuki et al. [4] (2021)
Fischer et al. [17] (2022)

Yang et al. [18] (2020)

10 (8-10)

9 (9-10)

M2

M2

73 (69-67)

M1

M1

74 (67-80) 31 (30)

73 (64-81)

76 (67-80)
72 (65-81)
69 (61-76)

8 (7-9)

8 (7-9)

198 (91-155)

107 (99-102)
213 (126-215)

M1

M1

105 (52)

104 (50)
148 (45)

10 (7-10)

167 (125-206) 9 (7-10)

M1

M1

138 (42.2)

69 (61-76)

IQR, interquartile range; MT, mechanical thrombectomy; IVT, intravenous thrombolysis; ASPECTS, Alberta Stroke Program Early CT Score; M1, proximal part of

the middle cerebral artery; M2, distal part/branch of the middle cerebral artery.
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Risk of bias domains

i ®

[
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Judgement
D1:Bias anslng from the randomization process. 3
D2: Bias due to deviations from intended intervention. = Some concerns
D3: Bias due to missing outcome data. . Low

D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Fig. 2. Risk of bias assessment for the studies selected for inclusion in the analysis.

Median Final Lesion Volume on Follow-Up Imaging

Three studies (7 = 1,308 patients) reported the median
final lesion volume. The overall MD in the median final
lesion volume did not favor either technique (MD —4.16,
95% CI: [-9.41-1.09], p = 0.12), as shown in Figure 11.

Time from Stroke to Groin Puncture

Five studies (n = 3,985 patients) reported the time from
stroke onset to groin puncture. The analysis using a fixed-
effects model showed that the MT alone group had a
shorter time from onset of stroke to puncture (MD 9.91,
95% CI: [4.31-15552], p = 0.005), as shown in Figure 12.

Discussion

The main results of our meta-analysis comparing BT
(combination of IVT and MT) to thrombectomy alone in
stroke patients with a large artery occlusion revealed that
both treatment strategies are safe and effective measures.
Functional outcomes, mortality rates, and rates for
symptomatic intracerebral hemorrhages and long-term
recovery parameters such as Barthel Index scores and
mRs scores were comparable for patients treated using
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both modalities. However, our analysis showed some
advantages for the BT group. Patients treated with BT were
more likely to achieve successful recanalization before and
after the thrombectomy procedure. This increased success
in restoring blood flow is likely why these patients showed
more significant improvements in their neurological status
(as measured by the NIHSS) both at 24 h and at 7 days
after treatment compared to those who received throm-
bectomy alone.

We compared our findings to those of previous meta-
analyses within the same domain. Cuadra-Campos et al.
[19], in their meta-analysis of six randomized open-label
clinical trials, found no significant difference in func-
tional independence between the two groups (48.8 vs.
50.7%), although the BT group had slightly better
outcomes (OR = 0.93, 95% CL 0.79-1.09, p = 0.37; I> =
09%). They also found that successful reperfusion was
higher in the BT group (OR = 0.75, 95% CI: 0.60-0.94,
p = 0.01; P = 0%). Similarly, Wang et al’s review,
comprising 29 observational studies and one RCT, yielded
results favoring BT in terms of functional independence,
mortality, and recanalization rates, with ORs of 0.67, 1.23,
and 1.07, respectively [2]. Conversely, the non-inferiority
meta-analysis by Charles B. Majoie et al. [20] highlighted

Hammed et al.



Bridging therapy MT Mean difference Mean difference
Studyor Subgroup Mean SD  Total Mean SD  Total Weight IV, Fixed, 95%Cl IV, Fixed, 95%Cl
NIHSS after 24 hours
LeCoufe et al. 2021 53 145 266 73 92 273 1.3% 200[-006,4.06] AR
Mitschel et al. 2022 40 99 141 97 105 142 1.0% -0.30[-268,2.08) —]=
wenchong etal. 2022 -8.53  4.75 40 883 447 40 1.4% 0.30(-1.72,232) —4
Yang et al. 2020 -4 139 329 -8 124 327 14% 000[-202,202) =
Zietal 2021 6 13 118 7 18 113 343% 1.00[0.59,1.41) B
Subtotal (95%Cl) 894 895 39.5% 0.94 [0.56,1.32) )
Heterogeneity: Chi* = 3.37, df = 4 (P = 0.50); F = 0%
Test for overall effect: Z = 4.87 (P < 0.00001)
NIHSS after 7 days
LeCouffe et al. 2021 63 101 266 8 M5 273 17% 170[-013,3.59) I
Yang et al. 2020 46 139 320 43 8 327  1.9% -0.30(-2.03,1.43) Al
Zietal. 2021 3 08 M3 -4 15 111 569% 1.00[0.68,1.32) "
Subtotal (95%Cl) 708 711 60.5% 0.98 [0.67,1.29) \
Heterogeneity: Chi* = 2.71, df = 2 (P = 0.26); F = 26%
Test for overall effect: Z = 6.27 (P < 0.00001)
Total (96%CI) 1602 1608 100.0% 0.96 [0.73 , 1.20] \
Heterogenelly: Chi* = 6.10, df = 7 (P = 0.53); F = 0%
Test for overall effect: Z = 7.93 (P < 0.00001) 0 5 10
Test for subgroup differences: Chi* = 0.02, df =1 (P = 0.88), F = 0% MT alone Bridging therapy

Fig. 3. Forest plot of mean differences in

improvement in NIHSS score. Std, standard mean difference; SD,

standard deviation; CI, confidence interval; df, degrees of freedom; Chi?, statistical test for heterogeneity; P, p
value of Chi? (evidence of heterogeneity of intervention effects); 12, degree of heterogeneity between trials; Z, test
for overall effect; P, p value for significance of overall effect.

that combining IVT with endovascular treatment was not
inferior to endovascular treatment alone based on the mRS
score at 90 days. While we are presenting these newer
significant clinical findings, it is important to note that our
meta-analysis included a larger number of patients across
eight clinical trials. Additionally, our statistical approach
provides a more accurate depiction of effect size estimates,
making our results more reliable, and enhances the evi-
dence base for guiding treatment decisions.

Evaluation of Successful Recanalization before and

after Recanalization

We found that BT was more effective in achieving
successful recanalization both before and after throm-
bectomy compared to thrombectomy alone. Patients who
received BT were significantly more likely to have their
blood flow restored before the thrombectomy procedure,
likely due to the clot-dissolving effects of IVT. This pre-
liminary restoration of blood flow helps make the sub-
sequent mechanical removal of the clot more effective.

Furthermore, even after the thrombectomy proce-
dure, patients in the BT group continued to show better

Bridging Therapy versus Mechanical
Thrombectomy Alone in Acute Stroke

outcomes. The combined approach of IVT and MT
seems to facilitate a more thorough and efficient res-
toration of blood flow, leading to higher rates of suc-
cessful recanalization (TICI 2b-3). These findings align
with previous studies [19, 21] and suggest that the
initial use of IVT can enhance the effectiveness of the
subsequent mechanical intervention.

By starting the reperfusion process earlier with IVT,
BT not only aids in breaking down the clot but also
primes the affected vessels for more effective mechanical
clot removal. This dual approach appears to offer a
synergistic benefit, resulting in better overall recanali-
zation rates compared to MT alone. However, it is
important to consider that BT might also increase the
risk of hemorrhagic transformation, which can com-
plicate the recanalization process.

Assessment of Stroke Severity and Prediction of Prognosis

Patients treated with BT had a greater improvement
in NIHSS score from baseline compared to those
treated with thrombectomy alone. This finding is
supported by our fixed-effect model analysis, which
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Bridging therapy MT Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%Cl M-H, Fixed, 95%Cl
Fischer et al. 2022 135 207 114 201 18.3% 1.15[0.98 , 1.34] -
LeCouffe et al. 2021 136 266 134 273 21.0% 1.04[0.88 ,1.23] .
Mitschell et al. 2022 89 147 80 146  12.7% 1.10[0.91, 1.35) b
Renu et al. 2022 a1 61 33 52 5.6% 1.06[0.81, 1.39] ke
Suzuki et al, 2021 60 101 59 103 9.3% 1.04 [0.82, 1.31] -+
Wenchong et al. 2022 27 40 26 40 41% 1.04[0.76 , 1.42) -+
Yang et al. 2020 121 329 19 327 18.9% 1.01[0.83, 1.24) k3
Ziet al. 2021 55 118 63 116 10.1% 0.86 [0.66 , 1.11) o
Total (85%Cl) 1269 1258 100.0%  1.05[0.97, 1.13]
Total events: 664 628
Heterogeneity: ChiF = 4.15, df = 7 (P = 0.76); F = 0% 002 01 1 0 50
Test for overall effect: Z = 1.17 (P = 0.24) Bridging therapy MT

Test for subgroup differences: Not applicable

Fig. 4. Forest plot summarizing the pooled RR of the dichotomous study outcome (mRS 0-2) between the bridging
therapy group and the MT alone group. RR, risk ratio; P, p valug Cl, confidence interval; df, degrees of freedom; Chi?,
statistical test for heterogeneity; P, p value of Chi? (evidence of heterogeneity of intervention effects); 12 degree of
heterogeneity between trials; Z, test for overall effect; P, p value for significance of overall effect.

Bridging Therapy MT alone Risk ratio Risk ratio

Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

Fischer et al. 2022 2 207 1 201 53% 194[0.18,21.2§) —

LeCoutfe etal. 2021 9 245 7 250 36.5%  1.31[0.50,3.47) Com

Mitschell e a1.2022 9 146 1 146 53% S.00[1.15,70.14] ——
Yang et al. 2020 23 329 8 327 423%  2.86(1.30.6.29) .

Ziet al 2021 3 18 2 16 106%  1.47([0.25 8.66) .

Total (95% Cl) 1045 1040 100.0%  2.42[1.43,4.10] <

Total events: 45 19

Heterogeneity: Chi* = 3.60, df = 4 (P = 0.46); I' = 0% 051 0?1 1 1:0 160
Test for overall effect: Z = 329 (P = 0.001) MT alone Bridging Therapy

Test for subgroup differences: Not applicable

Fig. 5. Forest plot summarizing the pooled RR of the dichotomous study outcome (Successful recanalization
before Thrombectomy) between the bridging therapy group and the MT alone group. RR, risk ratics P, p valug CI,
confidence interval; df, s of freedom; Chi, statistical test for heterogeneity; P, p value of Chi? (evidence of heterogeneity
of intervention effects); I°, degree of heterogeneity between tridls; Z, test for overall effect; overall effect; P, p value for
significance of overall effect

showed that the improvement in NIHSS from baseline
significantly favored the BT group. Additionally, sub-
group analysis indicated that this improvement was
consistent both after 24 h and after 7 days. This sig-
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nificant improvement highlights the potential benefits
of combination therapy. The initial administration of
IVT may help in reducing clot burden and facilitating
better mechanical removal of the clot, leading to early
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Bridging therapy MTalone Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%Cl M-H, Fixed, 95%CI
Rend et al, 2022 5 61 4 52 04%  1.07[0.30,3.76] ——
Wenchong et al. 2022 27 40 25 40 26% 1.08[0.78,1.49] —,—
Suzuki et al. 2021 9%6 103 91 101 95% 1.03[0.95,1.12] .
Zietal. 2021 102 18 100 116  10.4% 1.00 [0.91 , 1.11] +
Mitschell et al. 2022 130 146 127 143 133%  1.00[0.92, 1.09]
Fischer et al. 2022 199 207 182 201 191%  1.06[1.01,1.12) .
LeCoutfe et al. 2021 196 266 192 273 196%  1.05[0.94, 1.16] 2
Yang et al. 2020 267 329 243 327 252%  1.09[1.01,1.19] -
Total (95%Cl) 1270 1253 100.0%  1.05[1.01,1.09] |
Total events: 1022 964 y . ; i
Heterogeneity: Chi® = 3.24, df = 7 (P = 0.86); F = 0% of»] 02 05 1 2 5 10
Test for overall effect: Z = 2.63 (P = 0.009) MT alone Bridging therapy
Test for subgroup differences: Not applicable

Fig. 6. Forest plot summarizing the pooled RR of the dichotomous study outcome (Successful recanalization
(TICI 2b-3) after Thrombectomy) between the bridging therapy group and the MT alone group. RR, risk ratio; P, p
value; CI, confidence interval; df, degrees of freedom; Chi?, statistical test for heterogeneity; P, p value of Chi* (evidence
of heterogeneity of intervention effects); I, degree ofheterogeneity between trials; Z, test for overall effect; P, p value for
significance of overall effect.

Bridging therapy ~ MT alone Risk ratio Risk ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Laredo 2022 20 21 7 15 96% 2.04[1.18, 3.54] =
LeCoutte 2021 142 241 136 250 35.7% 1.08[0.93, 1.28)
Renu 2022 38 61 27 52 19.8% 1.20(0.87 , 1.66]
Yang 2020 151 328 15 326 34.8% 0.96 (0.2, 1.13)
Total (95% Cl) 651 643 100.0% 1.13[0.83, 1.37)
Total events: 351 326 R
Heterogeneity: Tau® = 0.02; Chi* = 7.45, df = 3 (P = 0.06); I* = 60% 001 01 4 0 100
Test for overall effect: Z = 1.23 (P = 0.22) Bridging therapy MT alone

Test for subgroup differences: Not applicable

Fig. 7. Forest plot summarizing the pooled RR of the dichotomous study outcome (Barthel Index score) between
the bridging therapy group and the MT alone group. RR, risk ratio; P, p value; Cl, confidence interval; df, degrees of
freedom; Chi, statistical test for heterogeneity; P, p value of Chi® (evidence of heterogeneity of intervention effects); %,
degree of heterogeneity between trials; Z, test for overall effect; P, p value for significance of overall effect.

and effective reperfusion. This early reperfusion likely
results in reduced infarct size and improved neuro-
logical function, which is reflected in the NIHSS scores.

While previous studies, such as those by Campbell et al.
[22], suggested that MT alone might lead to better neuro-

Bridging Therapy versus Mechanical
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logical outcomes, our findings indicate that the combination
approach of BT actually provides greater improvement in
neurological status, emphasizing the importance of achieving
early and effective reperfusion, which is more readily ac-
complished with the dual approach of BT.
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Bridgin therapy MT Mean difference Mean difference
Study or Subgroup Mean sD Total Mean sD Total Welght 1V, Fixed, 95%Cl IV, Fixed, 95%Cl
Zietal 2021 266 2.25 118 2.33 2.25 16 9.0% 0.33[-0.25,091)] -
Mitschell et al. 2022 233 225 147 2.33 224 146  11.3% 0.00[-0.51, 0.51] +
Fischer et al. 2022 2 1.49 207 2.33 224 201 21.9% -0.33[-0.70, 0.04] o
‘Yang et al. 2020 333 223 329 3.33 223 327 258% 0.00[-0.34,0.34]
LeCouffe et al. 2021 333 224 266 3.33 1.23 273 32.0% 0.00[-0.31,0.31)]
Total (95%Cl) 1067 1063 100.0% -0.04 [-0.22,0.13]
Heterogeneity: Chi* = 4.08, df = 4 (P = 0.40); F = 2%
Test for overall effect: Z = 0.48 (P = 0.63) 40 5 o 10
Test for subgroup differences: Not applicable Bricgin therapy MT

Fig. 8. Forest plot summarizing the pooled RR of the dichotomous study outcome (Improvement in modified Rankin
scale at 90 days) between the bridgjn§ therapy group and the MT alone group. RR, risk ratic; P, p valug CI, confidence
interval; df, degrees of freedom; Chi?, statistical test for heterogeneity; P, p value of Chi* (evidence of heterogeneity of
intervention effects); 1%, degree of heterogeneity between trials; Z, test for overall effect; P, p value for significance of

overall effect.

Test for subgroup differences: Not applicable

Bridging therapy MT Risk ratio Risk ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95%Cl M-H, Fixed, 95%Cl
‘Wenchong et al. 2022 3 40 2 40 3.6% 1.50[0.26 , 8.50) —— e
Mitschell et al. 2022 1 147 2 146 3.6% 0.50[0.05,5.42) I
Rena et al. 2022 0 61 2 52 49% 0.17[0.01,.348] ¢—m----——L
Fischer et al. 2022 10 204 3 201 5.4% 3.28[0.92, 11.76) —
Suzuki et al. 2021 8 103 6 101 10.9% 1.31[0.47 .3.63] —
Zietal 2021 12 15 10 115 180%  1.20[0.54,267) o
‘Yang et al 2020 20 329 14 327 253%  1.42[073.276) B
LeCouffe et al. 2021 14 239 16 248 283% 091[045.1.82) e
Total (95%Cl) 1238 1230 100.0%  1.23 [0.88, 1.74]
Total events: 68 55 r
Heterogeneity. Chi* = 5.46, df = 7 (P = 0.60), F = 0% 001 o1 1 10 100
Test for overall effect; Z=1.20 (P =0.23) Bridging therapy MT

Fig. 9. Forest plot summarizing the pooled RR of the dichotomous study outcome (Symptomatic intracerebral
haemorrhage) between the bridging therapy group and the MT alone group. RR, risk ratis P, p value; CI,
confidence interval; df, degrees of freedom; Chi”, statistical test for heterogendity; P, p value of Chi? (evidence of
heterogeneity of intervention effects); &% degree of heterogeneity between trials; Z, test for overall effect; P, p value for

significance of overall effect.

However, it is important to note that while NTHSS
scores reflect immediate neurological improvement, they
may not always translate into better long-term functional
independence or quality of life, as measured by metrics
like mRS scores. Therefore, while BT shows significant
short-term neurological benefits, further studies are
needed to evaluate its impact on long-term outcomes and
overall quality of life for stroke patients.
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Emphasizing the Importance of Time from Onset to

Puncture

The importance of the time from stroke to puncture
cannot be overstated in the treatment of acute ischemic
stroke. Studies have shown that faster treatment leads
to better outcomes for patients, with each minute delay
resulting in a loss of 1.9 million neurons and a decrease
of 3-4% in the likelihood of a good outcome [23]. In
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Test for subgroup differences: Not applicable

Bridging therapy MTalone Risk ratio Risk ratio
Study or Subgroup Events  Total Events Total Weight IV, Fixed, 95%Cl IV, Fixed, 95%Cl
Rend et al. 2022 5 64 8 52 3.4% 0.51[0.18,1.46] =
Suzuki et al. 2021 9 103 8 101 4.5% 1.10[0.44,273] U N
Zietal 2021 8 101 9 103 4.5% 0.91[0.36,226] —_—]
Fischer et al. 2022 17 207 22 201 10.3% 0.75(0.41,1.37] S
Mitschell et al. 2022 24 147 22 146  132% 1.08[0.64,1.84) —
LeCouffe et al. 2021 42 266 56 273 28.4% 0.77([0.54,1.11) el
Yang et al. 2020 62 329 98 327 35.7% 1.06[0.77,1.47]
Total (95%Cl) 1217 1203 100.0% 0.91[0.76, 1.10]
Total events: 167 183 5 ; - o
Heterogeneity: Chi* = 3.85, df =6 (P = 0.70); F = 0% 01 02 05 1 2 5 10
Test for overall effect: Z = 0.96 (P = 0.34) Bridging therapy MT alone

Fig. 10. Forest plot summarizing the pooled RR of the dichotomous study outcome (Mortality) between the
bridging therapy group and MT alone group. RR, risk ratio; P, p valug CI, confidence interval; df, degrees of freedom;
Ch#, statistical test for heterogeneity; P, p value of Chi#* (evidence of heterogeneity of intervention effects); degree of
heterogeneity between trials; Z, test for overall effect; P, p value for significance of overall effect.

Bridging therapy MT alone Mean difference Mean difference
Study or Subgroup  Mean sD Total  Mean sb Total Welght IV, Fixed, 95% CI 1V, Fixed, 95% CI
LeCouffe 2021 313 499 265 356 514 273 37.7% -4.30[-12.85, 4.25)
Rend 2022 13.6 19.4 61 17.1 24.7 52 40.1% -3.50(-11.79.4.79]
‘Yang 2020 485 68.7 329 536 782 327 223% -5.10[-16.23, 6.03]
Total (95% Cl) 856 852 100.0% -4.16[-9.41,1.09]
Heterogeneity: Chif = 0.05, df =2 (P = 0.97), I* = 0% " 2
Test for overall effect: Z = 1.55 (P =0.12) 4100 .50 0 50 100
Test for subgroup differences: Not applicable Bridging therapy MT alene

Fig. 11. Forest plot of mean differences in median final lesion volume. Std, standard mean difference; SD,
standard deviationl; CI, confidence interval; df, degrees of freedom; Chi?, statistical test for heterogeneity; P, p

value of Chi® (evidence of heterogeneity of

intervention effects); 12, degree of heterogeneity between trials; Z, test

for overall effect; P, p value for significance of overall effect.

2015, the Society of Neurointerventional Surgery set
benchmarks for quality assurance, recommending a
door-to-puncture time of <60 min and a door-to-
reperfusion time of <90 min [24]. However, despite
these efforts, delays in prehospital care, specifically from
symptom onset to hospital door arrival (onset-to-door
time) persist in some cases, potentially undermining the
benefits achieved during in-hospital treatment [25]. Our
analysis revealed that the time from stroke onset to groin

Bridging Therapy versus Mechanical
Thrombectomy Alone in Acute Stroke

puncture was shorter in the thrombectomy alone group
than in the BT group. This is consistent with the existing
literature, which has shown that MT alone is associated
with faster treatment times than BT [23]. While there
was a statistically significant difference of just 10 min
between the times from stroke onset to puncture for the
MT alone compared to the BT group, it is uncertain
whether this small difference would significantly affect
patient outcomes.
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Bridging therapy MT alone Mean difference Mean difference
Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Zietal 2021 2146 57 18 2006 69 116 11.9% 14.00 [-2.23 . 30.23] S
Fischer et al. 2022 197.7 746 147 1756 804 146 13.0% 22.10[6.56.37.64] —_—
Collette et al. 2023 2013 79 95 195 715 2168  14.4% 6.30[-847,2107] o
‘Yang et al. 2020 2088 69.2 329 198 8927 327 28.0% 10.80[0.20,21.40] ——
LLeCouffe et al. 2021 142 58.8 266 1376 57.3 273 32.7% 4.40[540,14.20] -
Total (95% CI) 955 3030 100.0% 9.91[4.31,15.52] ’
Heterogeneity: Chi* = 4.08, df = 4 (P = 0.40); 1*=2%
Test for overall effect: Z = 3.47 (P = 0.0005) 100 80 0 50 100
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Fig. 12. Forest plot of mean differences in time from stroke to groin puncture. Std, standard mean difference; SD,
standard deviationl; CI, confidence interval; df, degrees of freedom; Chi?, statistical test for heterogeneity; P, p
value of Chi* (evidence of heterogeneity of intervention effects); I?, degree of heterogeneity between trials; Z, test
for overall effect; P, p value for significance of overall effect.

Symptomatic Intracranial Hemorrhage

While our analysis of SICH found no significant dif-
ference in the risk of SICH between the MT and BT groups
(RR, 1.18; 95% CI: [0.86-1.62]; p = 0.32), our findings are
consistent with some studies in the literature but diverge
from others. Kolahchi et al reported significantly higher
rates of sICH in the BT group compared to MT (OR = 0.73
[95% CI, 0.56-0.96], P2 = 0%, p = 0.02), particularly in the
non-RCT subgroup and the combined group of patients
with ocdusion of the anterior and/or posterior drculation
[26]. However, the absence of significant differences in the
anterior group analysis and subgroup analysis of RCT and
non-RCT studies complicates the interpretation of their
results. This discrepancy might be attributed to variations in
study designs or other unaccounted factors across studies.
Similarly, Cuadra-Campos et al. found no statistically sig-
nificant differences in the risk of SICH between the MT and
BT groups [19]. These findings align with our meta-analysis
results and suggest that, overall, both treatment strategies
are associated with comparable rates of sICH.

Nevertheless, itis important to recognize the potential for
publication bias and the inherent limitations of the studies
included in our analysis. Variability in patient populations
and methodologies could introduce biases and confounders
that could influence the observed outcomes. Additionally,
the definition and assessment of SICH vary between studies,
potentially affecting the comparability of results.

Evidence Update and Meaning of Study

To our knowledge, this is the only study to provide a
pooled effect for a large number of dependent variables.
Although the previous meta-analysis [19] provided a
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comparable number of included studies, they pre-
dominantly utilized OR for risk analysis, we employed
RR for several reasons. First, the outcomes assessed in
our study, including sICH, mortality, recanalization,
and functional outcome measured by an mRS score of
0-2, were binary events, making RR more suitable. RR
allows for a direct comparison of event risks between
patients with AIS receiving different treatment strat-
egies, facilitating a clear understanding of relative risk
associations. RR is easier to interpret in clinical settings
compared to OR, which can be challenging to grasp
intuitively. Tt also allowed us to quantify risk differ-
ences between treatment groups more directly, espe-
cially given the predominance of RCTs in our analysis.
Moreover, RR provides a clearer measure of the impact
of intervention on adverse events and functional out-
comes, aiding clinicians in making informed decisions
and assessing risks more accurately in clinical practice.
Thus, in addition to adding a substantial amount of
new data, our statistical approach provides a more
accurate depiction of effect size estimates, thereby
enhancing the evidence base for guiding treatment
decisions and optimizing patient care.

To further contextualize our findings, we considered the
guidelines provided by Powers et al. [11]. The guidelines
issued by the American Heart Association/American
Stroke Assodation offer evidence-based recommenda-
tions for healthcare professionals involved in the care of
patients with stroke. They affirmed the critical role of
reperfusion therapies, such as IVT and endovascular
thrombectomy, in optimizing patient outcomes. Our
findings align with these recommendations, particularly
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regarding the importance of timely intervention and need
for individualized treatment approaches based on patient
characteristics and stroke severity.

Although our meta-analysis provides valuable insights
into treatment outcomes, it is essential to interpret our
findings in the broader stroke care landscape outlined in
the guidelines by Powers et al. [11]. Clinical decision
making should consider factors such as patient eligibility,
treatment accessibility, and institutional resources to
ensure the most effective and appropriate treatment for
each patient.

Limitations

Our meta-analysis is also subject to a number of
limitations, which should be acknowledged at this point.
In a field with a relatively new established therapeutic
measure (MT), it can be expected that there will only be a
limited amount of investigations available for analysis.
Therefore, a major limitation of this study is the small
number of studies included in the analysis. Furthermore,
no data were available on parameters related to vascular
status, which might have influenced the selection of
patients for inclusion in one of the studies concerned, and
we were therefore unable to determine the reasons such
parameters were used to exclude potentially eligible pa-
tients. However, we also need to underline the com-
prehensive character of our analysis: we considered all
available studies of relevance on the topic, an aspect that
makes our meta-analysis highly relevant with regard to
recommendations for clinical practice.

Conclusion

BT, combining IVT and MT, is more effective than MT
alone, showing greater improvements in NIHSS scores and
higher rates of successful reperfusion before and after
thrombectomy. Although MT alone had a shorter time
from stroke onset to groin puncture by 9.91 min, this did
not result in better NTHSS improvements at 24 h or 7 days.
While NIHSS scores indicate immediate neurological
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Abstract
Sciatica, characterized by leg or back symptoms along lhe sciatic nerve pathway, often manifestsas a
chronic condition lasting over 12 weeks. Deci k perative treatment and immediate

microdiscectomy for chronic sciatica remains challenging, due to the complex relationship between
symptom duration, severity, and lumbar discectomy outcomes. In this systematic review, we conducted a
comprehensive search across Scopus, PubMed, Web of Science, and the Cochrane Library, identifying
relevant two-arm clinical trials up to September 2023. Rigorous screening and data extraction were
performed by two independent reviewers, with study quality evaluated using the risk of bias 2 (RoB) tool.
This meta-analysis incorporated four studies comprising 352 participants. Our analysis revezled that
conservative treatment was associated with a significant reduction in leg pain and improvement in, SF
mental, and physical scores compared to surgical intervention. H surgical tr d d
significant improvement in back pain. In conclusion, our findings suggest that surgical intervention may be
more effective than non-surgical treatment for chronic sciatica-related back pain. Conservative treatment
significantly reduces leg pain while improving mental and physical health outcomes. Ultimately, our
findings support conservative as the initial approach unless surgery is warranted, particularly in cases with
neurological deficits or cauda equina syndrome.

C ies: logy, gery
Keywords: conservative gical leg vas score, back vas score, lumbar disc herniation,
chronic sciatica

Introduction And Background

Sciatica encompasses a wide range of leg and back symptoms, commonly characterized by a sharp or burning
pain along the sciatic nerve path extending from the buttock to the leg, and possibly reaching the foot or
ankle. |1] Sciatica is a global problem, with lifetime incidence ranging from 13% to 40%. Approximately 90%
of instances of sciatica are attributed to lumbar disc herniations (LDH) (2], additionally, it can result from
lower back muscle P pyriform synd , neural fc inal is, spinal is, and

dylolisthesis | 1. Complete recovery is rare in sciatica caused by LDH, often resulting it prolonged
dumtnons of discomfort, and drastically impacting the patients’ quality of life |3]. Albeit rare, if left
untreated, it can result in muscle k absence of tendon reflexes or sensory deficits, and bladder
dysfunction in some cases.

LDH sciatica treatment options are conservative measures such as physical therapy and pharmacotherapy, or
surgical interventions, including discectomy and decompression procedure |4). Conservative treatment of
LDH sciatica can lead to up to a 90% improvement in patients |5|, while surgical t offers comparabl
results but is rec ded only if symp persist following a trial of conservative
treatment |6]. However, previous literature failed to show long-term superiority of one approach over the
other, even though surgical intervention may offer short-term advantages | 7). Thus, choosing between

ivet and i diate microdiscectomy, especially for chronic sciatica associated with LDH
12 weeks) remains a hassle for surgeons and patients [4).

Limited trials comparing surgical to non-surgical treatments for chronic sciatica have hindered the

establishment of clear guideli Therefore, this ic review aims to assess the efficacy of surgical
intervention versus non-surgical al ives for individuals with chronic sciatica associated with LDH.
Review
Methods
Our study followed the widely accepted PRISMA guidelines for sy i iews and meta-anal
ensuring the utmost accuracy and reliability ol’our findings |#). The meta-analysis was regi don
How to cite this article
Hammed A, Al-Qiami A, Alsalhi H, et al. (May 04, 2024) Si I vs. Col tive A of Chronic Sciatica (>3 Months) Due to Lumbar

Disc Herniation: Systematic Review and Meta-Analysis. Cureus 16(5): e59617. DOI 10.7759/cureus.59617

43



Part of SPRINGER NATURE

Cureus N R—
Academy

PROSPERO under ID CRD42023469621.

Search strategy and selection criteria

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Uhﬂry lsue 7 5
2011), PubMed, SCOPUS, and Web of Science from inception to N ber 2023 for rel

clinical trials using the following search strategy: (Sciatica OR Sciatic Neuralgia OR Neuralgias, Sciatic) AND
(Conservative Treatments OR Treatment, Conservative OR Conservative Management OR Conservative
Managements OR Conservative Therapy OR Conservative Therapies OR Epidural Injections OR Steroid
Injections OR Nerve Blocks OR Nerve Root Blocks OR Heat Therapy OR Cold Therapy OR Physiotherapy OR
Exercise Therapy OR Infrared Therapy) AND (Surgical Interventions OR Operative Procedures OR Operative
Procedure OR Surgical Procedures OR Procedure, Surgical OR Surgical Management OR Surgical
Managements OR Lumbar Discectomy OR Microdiscectomy OR Laminectomy OR Laminotomy OR Lumbar
Decompression).

This study includes only parallel double-arm randomized clinical trials conducted on adult patients (above
18 years) diagnosed with chronic sciatica for more than 3 months due to LDH at the levels of L3-14, L4-L5,
and L5-S1 (Table /). The comparison was made between patients treated with surgical microdiscectomy and
patients with the same diagnosis treated with non-surgical methods such as spinal manipulation, epidural
steroid injection, functional education, physiotherapy, or oral analgesics.

Included Criteria for the Study Excluded Criteria

Studies that are not parallel double-arm
randomized clinical trials, patients with acute
sciatica (duration less than or equal to 3 months),
patients with other causes for lumbar pain such

Parallel double-arm randomized dinical trials, adult patients aged 18 years and above,
patients diagnosed with chronic sciatica lasting more than 3 months, patients
diagnosed with lumbar disc hemiation at the levels of L3-L4, L4-L5, and L5-S1,

535 AR pati with surgical microdiscect s petl i i
tiatod Wth ron-Cirnial maathads. Non-allial matheds L spinal manipulat as Y. or any other underlying

5 WiRE spinal pathology not related to lumbar disc
epidural steroidal injection, fmcﬁonaleducauon phy py, or oral =] heiaion

TABLE 1: The inclusion and exclusion criteria

To screen the articles we obtained, we utilized the Rayyan website [9]. Our team of reviewers carefully
evaluated the titles and abstracts of the retrieved citations. The article screening process was conducted
independently. The eligibility screening process was conducted in two stages: initially, by screening
abstracts and subsequently by retrieving and screening full-text articles to ascertain their eligibility for
meta-analysis. In the event of any conflicts arising during the screening process, our team resolved them
through ¢ Ulti 1y, we identified four randomized controlled trials (RCTs) that were eligible for
data extraction.

The primary outcomes we assessed included the visual analog scale (VAS) for leg pain intensity and back
pain intensity. Secondary outcomes included safety outcomes such as adverse events following surgical or
non-surgical treatment, and the Short Form-36 (SF-36) mental and physical comp were also d
For each outcome, data were obtained at 6 weeks (1.5 months), 3 months, and 6 months follow-up durations.

Data extraction and management

‘Two authors extracted data independently using specially developed data extraction forms. Baseline data
were collected on participants, including age, sex, number of participants, number of smokers, level of LDH,
duration of pain complaints, and physical status. Primary outcomes (leg pain intensity and back pain
intensity), in addition to secondary outcomes (SF-36 mental and physical), were recorded.

Risk of bias assessment

Two authors reviewed the included studies to assess their potential risk of bias (RoB). Rob 2 tool was used.
They evaluxled each study bast-d on specific criteria such as rand e ion, allocation

Wlind

€ ing of parti and personnel, incomplete outcome data, selective outcome reporting,
and other sources of bias. The authors used the rec ded methods by The Cochrane Collaboration to
assign a judgment of low risk, high risk, or unclear (due to lack of information or uncertainty over the
potential for bias) [10]. Any disagreements between the authors were Ived through c and a
third author was consulted if necessary to I

PR 1)

any g

Data analysis

We analyzed the study results that are both clinically and statistically homogeneous using the Review
Manager software [11). In this meta-analysis, the Mantel-Haenszel test was used for dichotomous outcomes,
and the inverse variance method was used for continuous outcomes in a random-effects model. In cases
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where there is not ugh data for meta lysis, or if the included studies have diverse outcomes, we
presented a narrative synthesis.

‘Two authors evaluated the study participants, interventions, and outcomes to ensure clinical homogeneity.
Meta-analysis was conducted if both authors agreed that the criteria were met. We used the | statistic to

statistical h ity. When h ity was found, a sensitivity test or meta-regression
analysis was warranted.

Results
Study Selection
As demonstrated in Figure 1, 1598 studies were identified in the initial search, with 1279 remaining after

removing duplicates. After screening titles and abstracts, 1155 studies were excluded, resulting in 124
articles for full-text screening. Of these articles, four were included, while 107 were excluded with reasons.

Records removed before
Records ientffied from: screening
Databases (n = 1568 > Records marked as ineligible
by automation tools (n = 319)
Records screened Records excluded
(n=1279) 7| (n=1155
Reports sought for retrieval »| Reports not
(n=124) (n=13)
: Rensan 1 Not evaiable
Reports assessed for eligibility | Engiish (n:ul;‘
(n=111) Reason 2 Full text articles were
not obtained (n = 22|
Reason 3: Abstract only (n = 21)
l};)ason{smw =
Reason 5. Studes with duration
Unfit with eligibility crdenia (n = 0)
Reason6: Other types of study

Stuckes included in the review
(n=4)

FIGURE 1: PRISMA flow diagram of the study selection process

Study and Treatment Characteristics

Study and treatment characteristics are summarized in Table 2. A total of 352 participants (average age 40.4
+ 4.30 years, 202 (57.4) were male) were included in the analysis. The duration of complaints ranged from 3
to 12 months and L5-51 was the most reported affected spine level. The intervention used across the studies
was microdiscectomy, while the comparator involved conservative treatments such as day-to-day
functioning education, physiotherapy, oral analgesics, and steroid injections. Additional details are available
in Table 2 for a more in-depth examination of the study and treatment characteristics.
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TABLE 2: The characteristics of the included studies’ populations
Risk of Bias
The RoB assessment is demonstrated in Figure 2. The three RCTs |12 14] were of low RoB. One RCT was of
moderate RoB | 15].
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® lowik
1 Some concesns
® e

Abd-Elaal et al., 2022 [13]

Aronshon et al., 2010 [15]

Bailey et al., 2021 [14]

~ | @® | ® | @ | Blinding of outcome assessment (detection bias)

® ®|® | @® | Incomplete outcome data (attrition bias)

® @ | ® | @ Binding of participants and personnel (performance bias)
® | ® | ® | @ | sciective reporting (reporting bias)

. . . . Other bias

®  ® | ® | @ | Random sequence generation (selection bias)
® @ | > | @ | Alocation concealment (selection bias)

McMorland et al., 2010 [12]

FIGURE 2: RoB-2 (Quality assessment)
RoB: risk of bias

RoB summary: Review authors' judgments about each risk of bias item for each included study.

Meta-analysis
Back Pain Analysis

Three trials reported findings for back pain (Figure 3). Back pain was measured using the VAS score. To
assess the effect of the intervention on back pain, a random-mode meta-analysis was conducted using the
standardized mean difference (SMD).
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FIGURE 3: Back pain: Surgery vs. conservative
Forest plot of mean diffe in back pain symptom VAS score.

Std: standard mean difference; SD: Clk: interval; df: degrees of freedom; Ché:
test for ity; P: p-value of Chi? ( of y of i i 1%: amount

dmmmmzmuommMMemP p—vamfungmdmnm
VAS: visual analog scale.

The results of the meta-analysis indicated that surgery had a significant effect and decrease in back pain in
patients with chronic sciatica (SMD:-3.82; CI (-5.99 to -1.66); p = 0.0005). To fix heterogeneity, sensitivity
tests were conducted, and the Aronsohn study was excluded. The results showed that surgery hada
significant effect (SMD: -0.57; CI (-0.92 to -0.22); p = 0.001) (Figure <). The heterogeneity p-value was 0.17.

Surgery Conservative 5td. mean difference Std. mean aference
Study or Subgroup Mean S0 Total  Mean S0 Total Weight IV, Rancom, 85% C! 1V, Random, 3% C1
Sakey et al 2021 [14) ar 281 L1 A6 2, Moun DI 45. 037 “
Abd-Elsaietd, 202213 236 448 ™ 48 33 75 % 0431073 . 010) K
Total {96% CI) 126

128 100.0% Q83 [0.51, 029
Heterogenefly, Taw' =002 CRF =172. =1 (=018 P=R%

[ea— ]
Test for overal effect Z =339 (F = 0.0007) o o 20
Test for subgroup afierences. Not applicatie Surgery Conservative

FIGURE 4: Back pain (Sensitivity test)

Forest plot of mean diffe in back pain symptom VAS score.

Std: standard mean difference, SD: Ck: interval; df: degrees of freedom; Ché:
test for h ity; P: pvalue of Chi? (evid of i d 1% the

amount of heterogeneity between trials; Lhdlnrovetaloﬂad;meraloﬁadP p-value for significance of

overall effect; VAS: visual analog scale.

Leg Pain Analysis

Leg pain was measured using the VAS score (Figure 5). To assess the effect of the intervention on leg pain, a
random-mode meta-analysis was conducted using the SMD. The results of the meta-analysis demonstrated a
significant positive impact of conservative treatment on patients experiencing leg pain with chronic sciatica
(SMD 2.60; CI (0.02 to 5.18); p = 0.05). Inan pt to resolve h ity, sensitivity tests were
conducted, and the Aronsohn study was excluded (Figure ©). The results showed that surgery hada

significant effect on leg pain (SMD difference: -1.61; CI (-1.92 to -1.31); p = 0.00001). The heterogeneity p-
value was 0.3.

2024 Hammed et al. Cureus 16(5): €59617. DOI 10.7759/cureus.59617

6of12



Cureus 2

ek P hed via Negida R 2
Part of SPRINGER NATURE Academy
Wy Conservative Std. mean difference Std. mean difference
Study or Subgroup Mean S0 Total  Mean S0 Total Weight V. Rangom, 85% CI V. Random, 86% CI
Archnschn et 81, 2010 (15} 224 028 » 7 oz 24 229% 16TI1327 2019 -—
Batey etal 2021 14) 49 204 5 28 04 M %% 14487 a0 -
AbG-Elaal & & 2022 [13) 41 263 o] a8 174 18 208%  -1741212,1.98) -
Total (88% Ci) 102 163 100.0% 260 [0.02.5.18) .
peterogenety Tau’ = 435 Cn' = 100.20. & » 2 (P < 0 00007) I* » S8%
- ; e
Test fof Overall efect 2= 196 (P = 0.05) 0 - 102
TeSL 10f SUDQroup GITErences. NOL Bppiicate Surgery Consenvanve

FIGURE 5: Leg pain: Surgery vs. conservative

Forest plot of mean diffe in leg pain symptom VAS score.
$Std: standard mean difference; SD: iation; Cl: interval; df: deg of Ch#:
test for

P: pvalueofCNz(evidemeoihetsrogeneiyoﬁmwmﬂon effects). 12: amount
of heterogeneity between trials; Z: test for overall effect; overall effect P: p-value for significance of overall effect;
VAS: visual analog scale.

Surgery Conservative 0. mean difference 1. mean aeference
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FIGURE 6: Leg pain (Sensitivity test)
Forest plot of mean diffey in leg pain VAS score.

Std: standard mean difference; SD: Cl: confid interval; df: deg of fi ; Ch#:

test for h P: p-value of Chi? (evidence of heterogeneity of intervention effects); 12 amount
of heterogeneity between trials; Z: test for overall effect; Overall effect P: p-value for significance of overall effect;
VAS: visual analog scale.

Short Form (SF)-36 Score Mental Analysis

To assess the effect of the intervention on SF-36 scores in mental analysis, a fixed-mode meta-analysis was
conducted using the SMD (Figure 7). The results of the meta-analysis highlighted a significant positive

impact of conservative treatment on SF-36 mental score in patients with chronic sciatica (SMD=5.7; CI
(1.02:10.37); p = 0.02).

Surgery Conservative Std. mean difference Std. mean ditference
Study or Subgroup Mean SD  Total Mean SO Total Weight IV, Fixed, 38%C1 IV, Fixed, 95%Ct
Mehdoriang et al. 2010 [12] w167 20 198 2 282%  001[061,063 +
Batey etal, 2021 [14] 126 138 1 5 125 5 718% 0501011, 089 I
Total (95%CY) 74 1000%  036[0.03.059) ‘
Feterogensty. Ch = 171, df = 1 (P = 0.10) ¥ = 42%
Test for oweral offoct Z = 2.14 (P = 0.03) do & o0 & 1
Test for subgroup diferences: Not applcatie

Surgery Conserdtive

FIGURE 7: SF-36 mental analysis

Forest plot of mean diffel in SF-36 mental analysis.
Std: standard mean difference; SD: cl: interval; df: degrees of Ch#:
test for h

geneity P:pvvalueofctiz(mdrmamiyofhhnenﬁmemxlzzamm
of heterogeneity between trials; Z: test for overall effect; Overall effect P: p-value for significance of overall effect;
SF: short form.

SF-36 Score Physical Analysis

To assess the effect of the intervention on SF-36 scores in physical analysis, a fixed-mode meta-analysis was
conducted using the SMD. The results of the meta-analysis revealed a significant improvement in the

conservative treatment of SF-36 mental analysis in patients with chronic sciatica (SMD 0.96; CI (0.61:1.30);
p =0.0001).
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FIGURE 8: SF-36 score physical analysis
Forest plot of mean diff in SF-36 physical

Std: standard mean difference; SD: deviation; CI: interval; df: degrees of freedom; Ch#:

test for P: p-value of Chi? (evi of of i i 12: amount
of heterogeneity between trials; Z: test for overall effect; Overall effect P: p-value for significance of overall effect;
SF: short-form.

Meta-Regression Analysis

To determine the impact of various variables on low back pain including age, BMI, and sex, meta-regression
was performed. Analysis showed no association between age (OR (95% Cl) = -0.164 (C1 (-0.577-0.249), P
=0.443), BMI (OR (95% Cl) =-9.646 (CI (-0.117-0.08), P=0.322) and sex (OR (95% CI)=-0.214 (CI (-0.544-0.217)
P=0.09) and the effect size.

Discussion
Overall Effect of Surgical vs. Non-Surgical Treatment

In the meta-analysis of our included studies |12-15] involving patients with persistent sciatica caused by
lumbar disk herniation, conservative treatment may be more effective than surgical intervention in
reduction of the leg pain, with a marginal statistical significance (p = 0.05). Back pain analysis suggests that
conservative treatment is iated with a kable imp: inback pain. Additionally,
conservative treatment has a more substantial impact on the SF-36 mental score (SMD = 5.70) and SF-36
physical score, suggesting that it offers long-term benefits for both physical and mental health when
compared to surgical intervention. These results underscore the potential advantages of prioritizing
conservative approaches over surgery in the management of chronic sciatica stemming from lumbar disk
herniation.

Update on Evidence and Significance of the Study

Microdiscectomy-related randomized trials are effective in the management of both leg and back pain.

H , this finding is not consi with our results for leg pain. This discrepancy can potentially be
explained by the fact that patients included in our study were required to have P for a mini of
three months |16,17).

Comparing our results with earlier studies, we found that a recently published ic review led
that discectomy was initially beneficial, but the effect declined over time compared with either non-surgical
care or epidural steroid injections. G lly, discectomy Ited in faster relief of pain and disability, but it
was inconsistent over time as it lasted only for 12 months. However, it's important to note that they
included in their analysis a wide range of pain-compliant durations, with a majority of studies having
durations of less than 3 months, which was the minimum eligible duration for inclusion in our study [ 15].

The evaluation of the quality-of-life outcomes post-intervention is of utmost importance in guiding
therapeutic decisions. Our study has led surprising and ingful results, indicating that
conservative therapy is associated with superior improvement regarding quality of life compared to surgical
modalities. This finding emphasizes the importance of considering not only clinical outcomes but also the
impact on patients’ overall well-being. The observed benefits in quality of life after conservative therapy
suggest that it may be a preferable and patient d approach in certain cases. These results highlight
the need for 2 comprehensive assessment that goes beyond traditional clinical measures, recognizing the
holistic impact of interventions on individuals’ lives.

Surgical treatment for sciatica typically involves the removal of disc herniation or part of the disc, as well as
addressing any stenosis causing nerve compromise. The primary goal of surgery is to address alarming
symptoms including severe leg pain and muscle weakness. It is widely agreed that immediate surgery is
necessary for cauda equina syndrome, while elective surgery is rec ded for unil 1 sciatica. A
relatively old randomized trial indicates that surgical intervention may yield better outcomes after one year,
but there are no significant differences in results after four and 10 years of follow-up |19, 201. Moreover,
previous literature demonstrated that patients who waited 12 weeks or more to undergo surgery reported
worse pain 6 months post-surgery compared to those with a shorter waiting period |21]. A randomized
controlled trial by Peul et al. was conducted to compare the outcomes of patients who received early lumbar
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disc surgery within 2 weeks versus those who underwent prolonged conservative treatment with later surgery

if necessary [16). The study found that although the overall outcomes were similar at 1 year, patients in the

early surgery group experienced faster pain relief and global perceived recovery. Notably, the early treatment

group had lower leg pain intensity during the first 6 months of follow-up. Additionally, a cost-utility

analysis by van den Peul et al. from the same study revealed that while lumbar disc surgery was initially more
than non ical care, the benefits of faster y and reduced ab ism from work

ultlmalely offset the difference in costs [22).

A retrospective analysis of the SPORT data led that pati witha p duration of 6 months or
longer experienced deleterious outcomes compared to lhose with a shorter durati dless of wheth
they received surgical or non-surgical treatment [21]. Specifically, patients who recelved early intervention
(either surgery or conservative) within the first 6-12 weeks of symptom onset experienced greater pain relief,
improved function, and higher satisfaction compared to those who underwent delayed treatment.

On the other hand, there are contraindications for surgery in chronic sciatica, including poor overall health,

active infection, severe logical deficits, coagulopathy, or bleeding disorders [21,22].

‘The main objective of gical sciatica is pain reduction, achieved either through the use of
pain reli or by reducing infl ion, which, in tumn, alleviates pressure on the nerve root [15,22]. A
systematic review study concluded that conservative treatments do not significantly aiter the typlcal
progression of sciatica in the majority of pati or allevi ymp [23). Other for
acute and chronic sciatica are intr and subc anti-TNF-a, which show very ptomising results

in such patients |22]. Additionally, epidural steroid was recommended as a beneficial intervention for the
disease due to its superior ability to reduce ODI [24). It is important to note that non-surgical treatments are
not always effective in treating the underlying cause of sciatica such as disc herniation or stenosis but rather
focus on relieving symptoms such as pain, which is why they are defined as conservative treatment [25).

Sciatica can be influenced by various factors like nerve injury, inflammation, and disturbances in

microglia | 23, After nerve injury, Schwann cells undergo important changes that help in fixing injured
peripheral nerves |25]. Central sensitization is another potential factor as it amplifies neural signaling in the
central nervous system, making people more sensitive to non-painful stimuli, and causing heightened pain
responses. Symptoms linked to central itization, including widespread pain and sensitivity in nerves,
can negatively impact a person’s quality of life [ 26,271,

The severity of central sensitization, measured by the Central Sensitization Inventory (CSI), is significantly
connected to symptoms before surgery and the quality of life in people having lumbar spine surgery |28].
Und ding these pr is vital for creating targeted therapies that adjust the inflammatory
response. Since sciatic pain can last a long time and may involve more than just the initial cause, it's
important to approach treatment in a careful and nuanced way. Considering this, it may be beneficial to
assess risk factors before deciding between surgical and non-surgical options. For example, individuals with
a history of mental stress may benefit more from conservative treatment, while those with occupational risk
factors may benefit from a combination of conservative treatment and occupational advice before
considering surgical options if symptoms persist.

The Optimal Timing for Surgical Intervention

A review conducted by Cochrane indicated that the long-term effects of surgical intervention for chronic
sciatica are uncertain, and there is a lack of evidence regarding the best timing for surgery | 251, Several
factors must be considered when determining the best timing for surgery in patients with chronic sciatica.
These factors include the severity and longevity of symptoms, the underlying cause of the condition, the
patient’s overall health and functional status, and the potential risks and benefits of surgical intervention.

Additionally, recent studies have suggested that early surgical intervention may lead to better long-term
outcomes for certain patients with chronic sciatica. The researchers concluded that early surgery may be
more effective in relieving symp and pi ing long-term disability in patients with severe and
persistent sciatica | 24).

On the other hand, some experts argue that a period of conservative should be pted
before comiderlng surgery for chronic sciatica. They suggest that many patients may experience
i in their with time and that surgical intervention should be reserved

for those who fail to respond to nonlnvaslve treatments. Additionally, delaying surgery allows for the
identification and treatment of any reversible contributing factors, such as muscle imbalances or poor
posture, which may alleviate symptoms without the need for invasive procedures.

However, some patients may prefer conservative over surgical treatment, especially if they think that
conservative would be beneficial or if they have any concerns about the risk of surgery. For instance,

although 40% of patients referred to spinal ipulative therapy for LDH-induced sciatica may fail to
achieve satisf y relief, the evident risk and cost profile associated with operative care argue for careful
consideration by physicians and pati of spinal ipulative therapy before opting for surgical

intervention |30).
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Ultimately, the decision regarding the timing of surgery for chronic sciatica should be individualized based
on each patient’s unique circumstances. Healthcare providers should carefully assess the severity and
duration of symptoms, the underlying cause of the condition, and the patient’s overall health and functional
status when determining the most priate course of t

The Lack of Significant Effects of Age, Sex, and BMI on the Treatment Outcomes

Meta-regression analysis was conducted to explore the potential influence of age, sex, and BMI on the
treatment effects. However, none of these variables were found to significantly affect the results. This
suggests that the observed treatment effects are not influenced by these demographic or clinical
characteristics. However, there may be other confounding factors that were not reported by our included
studies |13, 14, 15, 16| that may influence the results, such as occupation.

Implications of the Findings for Clinical Practice and Decision-Making

International guideli 11y rec d ical treatment for sciatica secondary to LDH if patients
have not responded to comprehensive non-surgical treatment because surgery can provide more immediate
and effective relief from symptoms [16]. Non-surgical treatments such as physical therapy, medication, and
injections may not always provide sufficient relief for patients with severe or persistent symptoms. Surgery
can directly address the underlying cause of the sciatica-nerve root compression-thereby reducing pain and
improving function. Additionally, surgery may be recommended if there are signs of neurological deficits or
if the patient’s quality of life is significantly impacted by their symy These rec dations are
because many people with acute sciatica will have imp| in their condition over time [31]. But when
it comes to chronic sciatica, the pain is already persisting for a long time, that's why surgical intervention

should be considered if that's the case.

The Impact of the Study on the Existing Literature

To the best of our knowledge, this is the first systematic review and meta-analysis study that compares
surgery versus non-surgical while acc ing for the clinical and prognostic differences in
patients with chronic sciatica. Additional ady include the dardized care that the non-surgical
groupspatients receivcd, which included dardized chiropractic spine ipulation, Igesics,

herapy, and ep ] steroid injecti In the Abd-Elaal et al. study [13], it was demmstraled that
the crossover effect was reduced due to the extended wait time for a surgical appointment. Bailey etal. [14],
in their secondary analysis, provided a relatively ded follow-up period to conduct an intention-to-treat
analysis at the 2-year follow-up. Additionally, the nonoperative cohort received standardized treatment, and
patients were excluded if the radiculopathy they presented with had been treated with the nonoperative
modalities used in their trial, to avoid bias against nonoperative care. A further advantage of this trial is that
patients randomized to nonoperative care received treatment from a separate study physician while on the
surgeon’s waitlist. Surgery, if needed, happened after the usual 6-month wait, delaying crossover effects in
our study compared to contemporary RCTs.

Limitations and potential sources of bias

One limitation of our study was the small number of included studies. Although we used a comprehensive
search strategy, our search retrieved only three RCTs that included a small ber of pati thereby
affecting the significance of our results. Another possible limitation of our study is the high heterogeneity
observed in our results, despite our efforts to adjust for possible confounding factors and include only
studies with similar designs (RCTs). Piriformis syndrome, on the other hand, can mimic chronic sciatica and
cannot be determined based on lumbar MRI findings alone. It is necessary to mention the possibility that
piriformis syndrome may be involved, and we must proceed with caution

The significant heterogeneity observed can be attributed to confounding factors such as work status and
type of occupation. Unfortunately, we were unable to investigate their effects using meta-regression due to a
lack of available data. Even when we were able to conduct meta-regression for age, sex, and pain duration
variables, we found that they did not significantly affect our results.

Recommendations for future research

There is a need for multicenter global prospective RCTS, including patients with more than 4 months of
symptoms, to compare the effectiveness of surgical and non-surgical approaches for persistent sciatica and
to mitigate bias from genetic and physical factors among collaborators. These trials are crucial for addressing
clinical uncertainties and optimizing patient care in real-time situations. Additionally, it is important to
investigate the long-term outcomes of both surgical and conservative treatments for patients with persistent
sciatica.

Conclusions

Our findings suggest that surgical intervention may be more effective than non-surgical treatment for
chronic sciatica-related back pain. Conservative treatment has been found to significantly reduce leg back
pain and imp mental and physical health outcomes. However, its effects on leg pain reduction are less
conclusive. It is essential to emphasize that conservative treatment should always be the initial approach
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unless surgery is warranted, such as in cases involving neurological deficits or cauda equina syndrome, as
outlined in international guidelines. Therefore, for cases of chronic sciatica without neurological deficits,
conservative treatment may be more appropriate for long- ding conditions. However, this result must be
interpreted carefully, considering the significant heterogeneity observed, which in turn can be attributed to
confounding factors that we could not adjust for.
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Abstract

Background Surgical clipping and endovascular coiling are both effective in preventing aneurysmal subarachnoid hemor-
rhage. but the choice between these interventions remains controversial, leading to treatment disparities across medical
centers.

Methods A systematic review and meta-analysis were conducted. including relevant two-arm clinical trials up to September
2023, sourced from Scopus, PubMed. Web of Science. and the Cochrane Library. Our primary outcomes were complete
occlusion rates during mid-term and long-term follow-ups. Standard mean differences and risk ratios were used to analyze
variations in outcomes. Python meta-analysis with sensitivity testing and regional subgroup analysis was used to resolve
heterogeneity.

Results The analysis included 139.485 participants. Clipping demonstrated significantly higher complete occlusion rates in
midterm follow-up (RR = 0.83, 95% CI [0.75, 0.91], p = 0.0001) but was associated with a higher risk of procedural compli-
cations such as bleeding and ischemic stroke. Coiling showed a higher risk of retreatment (RR = 3.46, 95% CI [1.21, 9.86], p
= 0.02). yet it had lower procedural complications (RR = 0.54, 95% CI [0.38, 0.78], p < 0.0009). shorter hospital stays (MD
4.36, 95% CI [2.96, 5.77]. p= 0.0001), and better post-procedural outcomes as indicated by lower modified Rankin Scale
scores (RR = 0.73, 95% CI [0.55. 0.97]. p=0.03). Long-term occlusion rates were comparable between the two methods.
Concluslon While clipping achieves higher mid-term occlusion rates, coiling is associated with fewer complication rates,
shorter hospital stays. and potentially better long-term outcomes. Treatment decisions should be individualized. considering
patient-specific characteristics and procedural feasibility.

Keywords Intracranial arterial aneurysm - Subarachnoid hemorrhage - Coiling - Clipping
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Introduction

Cerebral aneurysms significantly contribute to intracranial
hemorrhage, stroke, and mortality [1, 2]. Unruptured intrac-
ranial aneurysms (UIAs). which have a prevalence of 2-5%,
necessitate timely treatment due to the risks of direct compres-
sion or rupture leading to subarachnoid hemorrhage (SAH)
[3-5]. The primary goal for treating ruptured aneurysms are
survival with minimal morbidity during the acute SAH phase
and the prevention of recurrent bleeding. In contrast, the treat-
ment of UIAs aims to avert rupture and its complications, such
as SAH and neurological deficits [5].

For patients without symptoms or risk factors for rupture,
UIAs can be managed conservatively with continuous obser-
vation. However, selecting the appropriate treatment for high-
risk individuals is critical. Although surgical treatments offer
high cure rates, the associated risks of death and complica-
tions, particularly in high-risk populations, must be considered
[6]. Traditionally, aneurysms were treated with open surgical
clipping. but endovascular and microsurgical techniques have
become preferred due to their less invasive nature [3, 5, 7].
Surgical clipping involves a craniotomy to place a clip on the
aneurysm, while endovascular coiling is a minimally invasive
procedure that occludes the aneurysm from within the vessel
[1.2].

There is considerable debate among clinicians regarding the
optimal treatment strategy for UIAs. The choice often depends
on physician preference, aneurysm characteristics, and patient
demographics [8]. In the United States and Western Europe,
there is a growing trend towards endovascular coiling [9, 10].
Conversely, in Japan, microsurgical clipping remains the pre-
ferred method [ 11]. While surgical clipping is associated with
higher closure rates and lower recurrence, endovascular coiling
has shown lower overall mortality and morbidity [12].

Given these varying practices and opinions, this meta-anal-
ysis consolidates evidence from studies comparing surgical
clipping and endovascular coiling of UIAs to inform treatment
decisions.

Materials and Methods

This systematic review and meta-analysis adhered to the latest
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (PRISMA statement 2020)
[23]. The prespecified protocol for this review is registered
with PROSPERO

Eligibility criteria
We included studies with comparative designs, incorporat-

ing both randomized controlled trials (RCTs) and observa-
tional studies that directly compared the outcomes of coiling

)] Springer

versus clipping. Studies excluded from our analysis were
those not conducted in English and those focusing exclu-
sively on either coiling or clipping without a direct compari-
son between the two techniques.

PICO criteria

Population: Studies involving patients with unruptured aneu-
rysms who underwent either coiling or clipping.

Intervention: Studies where the treatment group received
coiling.

Comparator: Studies where the control group underwent
clipping.

Outcome: Studies that reported on outcomes such as
short-term or long-term complete occlusion. retreatment
rate, ischemia. death, procedural bleeding, length of hospital
stay. modified Rankin score (mRS >2). and complications
related to the procedure.

Study design
Information sources

We conducted an in-depth investigation into the comparative
efficacy and safety of clipping versus coiling for unruptured
intracranial aneurysms by thoroughly searching four major
electronic databases: PubMed. Scopus. Web of Science. and
the Cochrane Central Register of Controlled Trials. The objec-
tive of this comprehensive meta-analysis was to synthesize the
available evidence up to September 2023, providing insights
into the relative effectiveness and safety profiles of these two
interventions for unruptured intracranial aneurysms.

Search strategy

((unruptured intracranial aneurysms OR unruptured cer-
ebral aneurysm or UIAs) AND (coil* OR coiling OR coil
embolization for endovascular treatment) AND (clipping

OR clip*))

Selection process

Records identified through the literature search under-
went a two-stage screening process. Initially, articles were
evaluated for eligibility based on their titles and abstracts.
Subsequently. full-text articles corresponding to eligible
abstracts were retrieved and subjected to further screening
for eligibility.
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Data collection process and data items

Data were extracted into a standardized data extraction
sheet, encompassing [ 1] study characteristics, [2] population
demographics, [3] risk of bias assessment, and [4] outcome
measures.

Study risk of bias assessment

Two independent reviewers evaluated the risk of bias in the
included studies. For the 28 non-randomized studies. we uti-
lized the Risk of Bias in Non-Randomized Studies of Inter-
ventions (ROBINS-I) tool [14]. This tool assesses potential
bias across seven domains: confounding, participant selec-
tion, intervention classification, deviations from intended
interventions, missing data, outcome measurement, and
reported results. Each domain was categorized as having no
information, low, moderate, serious. or critical risk of bias.
Disagreements between reviewers were resolved through
discussion and. if needed. adjudication by a third reviewer.

For the single randomized controlled trial (RCT) included
in our analysis, we applied the Cochrane risk-of-bias tool
Version 2 (ROB 2) [15]. ROB 2 evaluates bias across five
domains: randomization process. adherence to interventions,
missing outcome data, outcome measurement, and selective
reporting. Bias in each domain was classified as low risk,
some concerns, or high risk. Disagreements among review-
ers regarding ROB 2 assessments were resolved in a similar
manner as for ROBINS-I assessments.

Measures of treatment effect

Primary outcome measures Complete occlusion rates in
mid-term and long-term follow-up.

Secondary outcome measures Mortality

Procedural bleeding

Retreatment

Procedural complications

Cerebral ischemia,

Modified Rankin score (mRS >2)

Length of hospital stay

Synthesis methods

For dichotomous outcomes. we pooled the Risk Ratio
(RR) and its confidence interval (CI) using the Mantel-
Haenszel random-effects model.

For continuous outcomes. we calculated the standard
mean difference (MD) with its confidence interval (CI)
between the baseline and endpoint for each group using the
random-effects model.

Heterogeneity between studies was tested using the 12
statistic and was considered statistically significant if the 12
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value was >50%. Funnel plots were used to visually estimate
publication bias. We used the fixed effects model if there was
no heterogeneity and the random effects model if there was
heterogeneity. P<0.05 was considered statistically signifi-
cant. In addition, we performed sensitivity analysis to assess
the robustness of the synthesis of results in the meta-analysis

The quality of evidence was assessed using GRADEpro
GDT [58]. ensuring a thorough evaluation process.

Subgroup analysis

We conducted subgroup analyses for observational stud-
ies in accordance with the study design (prospective vs.
retrospective).

Meta-regression analysis

We conducted a meta-regression analysis based on age. sex.
location of the aneurysm, width of the aneurysm neck, and
diameter of the aneurysm.

Assessing the heterogeneity

Heterogeneity among the included studies and subgroups
was assessed visually using forest plots, with additional sta-
tistical evaluation via the Cochrane Q test and the I statis-
tic, performed in RevMan Web for Windows. Significant
heterogeneity was predefined as a P-value less than 0.1 and
an I” value exceeding 50%. indicating notable inconsistency
among study outcomes. To address this heterogeneity, the
PythonMeta tool was applied. alongside sensitivity analyses
and subgroup analyses to identify and manage sources of
variability.

Results
Study selection

As depicted in Figure |, atotal of 1,414 studies were initially
identified through the search process. and 902 remained after
removing duplicates. Following the screening of titles and
abstracts, 850 studies were excluded, leaving 52 articles for
full-text screening. Ultimately. 31 articles met the inclusion
criteria and were included in our study, while 21 articles
were excluded for various reasons.

Study and treatment characteristics
Study and treatment characteristics are outlined in Table I.

The analysis included a total of 139,485 participants. The
predominant aneurysm type across all studies was located
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[ Identification of studies via databases and registers ]
()
5 Records Ider;:;tlef:;:;n Databases Duplicate records d before
§ (PubMed = 434) screening (n = 356)
= s Records marked as ineligible by
< (WOS = 704) automation tools (n = 156)
_ l
—
Studies screened (n=902)
2
= Title and abstract screening (n=902) »> Studies not retrieved (n=850)
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. !
Full-text articles excluded (n=21)
Wrong intervention (2)
Full-text screening for eligibility (n=52) > Wrong Design (10)
Wrong population (2)
=) Wrong comparison (2)
l Single arm (5)
3
3 Studies included in meta-analysis (n=31)
2
S

Fig. 1 Description of the study selection process in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analysis

(PRISMA) guidelines

in the MCA (first segment of the middle cerebral artery).
Coiling was uniformly applied as the intervention in the
studies, with clipping serving as the comparator. For more
comprehensive insights into the study and treatment specif-
ics, refer to Table 1.

Risk of bias assessment results

When employing the ROBINS-I tool to assess non-rand-
omized studies, we identified a low risk of bias in 17 stud-
ies. a moderate risk in 10 studies, a serious risk in 3 study
(details are outlined in Figure 2). The ROB 2 assessment
of the randomized controlled trial (RCT) indicated some
concerns regarding potential bias (details are provided in
Figure 3).

Short-term complete occlusion
Short-term complete occlusion is defined as the assessment

of occlusion within 6 months. 11 of the studies (n = 1,039
patients) included data on short-term complete occlusion,

@ Springer

and the overall complete occlusion rate favored the clipping
technique (RR = 0.83, 95% CI [0.75, 0.91], p = 0.0001).
Pooled data were heterogeneous under a random effect
model (p = 0.05. 12 = 45%): [Figure 4]. Subgroup analysis
based on study design showed echoed the same results in the
prospective (RR 0.83, 95% CI [0.75 to 0.92], p = 0.0005)
and retrospective studies (RR 0.82, 95% CI[0.71 to 0.95],
p=0.003).

To address heterogeneity, a sensitivity test was performed
using Python meta-analysis: After excluding Diaz et al.. the
meta-analysis of the remaining 10 studies with 971 patients
found that clipping was significantly more effective than
coiling in achieving complete occlusion within six months
(RR =0.83.95% CI [0.75-0.91]. p=0.0001), increasing the
likelihood of occlusion by 17%. [Figure 5].

Subgroup Analysis by Study Design

¢ Prospective Studies: RR =0.83 (95% CI [0.75-0.92].p
=0.0005). favoring clipping.
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D5 Bias due to missing data,
D&: Bias in measurement of outcomes.
D7: Bias in selection of the reporied result.
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Risk of bias domains

Study

Domains:

D1: Bias arising from the randomizalion process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

selected for inclusion in the metaanalysis: ROBINS 2

Risk ratio

Events Total Weight M-H, Random, 95% CI

Judgement

@ Hion

‘= Some concerns

® Lo

Risk ratio
M-H, Random, 95% CI

Fig.3 Risk of bias nt for the studi
Colling Clipping

Study or Subgroup Events Total
Prospective
Briisrta et al 2003 16 19 36 37 13%
Gelach 2007 26 39 88 94 98%
Mascitelll et al 2021 115 140 81 84 203%
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Fig.4 Forest plot illustrating the combined risk ratio (RR) for the dichotomous outcome (Short-term complete occlusion) between the Coiling
and Clipping groups. The plot includes RR (risk ratio), P (p-value). CI (confidence interval), df (degrees of freedom), Chi*2 (statistical test for
heterogeneity). P (p-value indicating evidence of heterogeneity of intervention effects). "2 (degree of heterogeneity between studies). Z (test for

overall effect), overall effect, and P (p-value for significance of overall effect)

¢ Retrospective Studies: RR = 0.82 (95% CI [0.71-0.95],
p =0.003), also favoring clipping.

Quality of the evidence: &3P High

Long term complete occlusion

These findings remained consistent across both prospec-
tive and retrospective study designs, with no heterogeneity
(F=0%). reinforcing the reliability of the results.
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Long-term complete occlusion is defined as the assessment
of occlusion more than 12 months after treatment. Of the
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Fig.6 Forest plot depicting the pooled risk ratio (RR) of the dichoto-
mous study outcome (Long-term complete occlusion) comparing the
Coiling group versus the Clipping group. Key indicators include RR
(risk ratio). P (p-value), CI (confidence interval), df (degrees of free-
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dom). Chi"2 (statistical test for heterogeneity), P (p-value indicating
evidence of heterogeneity of intervention effects). 1"2 (degree of het-
erogeneity between studies). Z (test for overall effect), overall effect,
and P (p-value for significance of overall effect)
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publications included in our analysis, 4 studies (n = 554
patients) assessed long term complete occlusion, indicating
similar rates for the two intervention types (RR = 0.9, 95%
CI[0.63, 1.30], p=10.57). [Figure 6].

To address heterogeneity, a subgroup analysis was per-
formed using Python meta-analysis: The subgroup anal-
ysis by sample size revealed no heterogeneity in either
group (I> = 0%). In the large sample studies. coiling was
associated with a significant reduction in occlusion risk
(pooled RR = 0.49, 95% CI [0.35, 0.68]). whereas smaller
sample studies showed no significant difference between
coiling and clipping (pooled RR = 0.81, 95% CI [0.51,
1.28]). [Figure 7]. These findings suggest that larger stud-
ies consistently favor coiling, while smaller studies show
more variability.

Quality of the evidence: ®®®() Moderate
Mortality

Some 7 studies (n = 81136 patients) reported risk of
death within 30 days. Coiling intervention is associated
with a lower risk of 30-day mortality (RR 0.56, 95% CI
[0.48 to 0.66], p=0.00001). [Figure 8]. Pooled data were
heterogeneous under a random effect model (p = 0.63,
12 = %): Subgroup analysis revealed similar results in
retrospective studies (RR 0.55. 95% CI [0.47 to 0.65].
p = 0.00001). despite the absence of significant differ-
ences in the prospective studies (RR 0,72, 95% CI [0.32
to 1.62], p=0.9).
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Quality of the evidence: PP High
Procedural bleeding

Of the publications included in our analysis, 12 studies (n
= 21,249 patients) noted the rate of procedural bleeding.
The Clipping technique was associated with higher rates of
bleeding (RR =0.52, 95% CI [0.35, 0.78], p = 0.002) than
Coiling group. [Figure 9]. Pooled data were heterogeneous
under a random effect model (p = 0.002, 12 = 63%). Sub-
group analysis of the risk of procedural bleeding based on
study design demonstrated the same result in prospective
(RR 0.57.95% CI[0.32 to 1.01]) and retrospective studies
(RR 0.5, 95% CI [0.27 to 0.91]).

To address heterogeneity. a regional subgroup analysis
was performed using Python meta-analysis:
e USA: Pooled RR = 0.17 (95% CI [0.13. 0.21]). favor-
ing coiling with reduced bleeding risk. Moderate to high
heterogeneity (Q = 7.48, p = 0.024. I> = 73.2%) suggests
study variability.
Europe: Pooled RR =0.33 (95% CI [0.15, 0.76]). favor-
ing coiling with no heterogeneity (Q = 1.64, p = 0.65, I
= 0%). indicating consistent findings.
Asia: Pooled RR =0.70 (95% CI [0.38. 1.29]), showing
no significant difference. No heterogeneity (Q= 0.58. p
=0.97.1>=0%). [Figure 10].

The findings suggest that coiling significantly reduces

bleeding risk in the USA and Europe, with higher variabil-
ity in the USA. No significant benefit is observed in Asia,
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Coiling Clipping Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95%Cl M-H, Random, 95%Cl
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Darsaut et al. 2023 3 142 4 148 12% 0.78[0.18 , 3.43) N
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Test for overall effect: Z=0.79 (P = 0.43)
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Suzuki et al 2015 1 80 0 141 03% 526[022,12761] | S
Frontera et al. 2012 0 36 1 33 03% 0.31[0.01,7.27) I——
Lad et al. 2013 9 2626 6 1878 24% 1.07[0.38 . 3.01) ) e
Jalbert et al. 2015 7 7942 9 4357 27% 0.43(0.16 , 1.14] SR
Brinjikji et al. 2011 215 34125 345 29918 90.4% 0.55[0.46 , 0.65) =
Subtotal (95%CI) 44809 36327 96.0%  0.55([0.47 ,0.65) )
Total events 232 361
Heterogeneity: Tau® = 0.00; Ch* = 3.92, df = 4 (P = 0.42); F = 0%
Test for overall effect: Z = 7.02 (P < 0.00001)
Total (95%Cl) 48331 37855 100.0%  0.56 [0.48 , 0.66] '
Total events 242 375
Heterogeneity: Tau* = 0.00; ChF = 4.34, df = 6 (P = 0.63); F = 0% 0b1 o1 3 o 100
Test for overall effect: Z = 7.04 (P < 0.00001) Clipping  Coiling
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Fig.8 Forest plot presenting the pooled risk ratio (RR) for the dichot-
omous study outcome (Risk of death within 30 days) comparing the
Coiling group and the Clipping group. The plot includes RR (risk
ratio), P (p-value), CI (confidence interval), df (degrees of freedom),

highlighting potential regional differences in outcomes that
may relate to clinical practices or patient populations.

Quality of the evidence: ®®®() Moderate
Retreatment

Overall, 9 studies (n = 17,752 patients) reported the
frequency of retreatment following either intervention.
The coiling technique was associated with higher rates
of retreatment (RR = 3.46, 95% CI [1.21, 9.86]. p =
0.02) than surgical clipping. Pooled data were hetero-
geneous under a random effect model (p = 0.0001, 12
= 89%): [Figure 11]. Subgroup analysis based on study
design led to the same conclusion in prospective studies
(RR 13.295% CI [1.73 to 100.92], p= 0.01), despite the
absence of significant differences in the retrospective
studies (RR 2.7, 95% CI [0.86 to 9.86], p = 0.09).

To address heterogeneity, a regional subgroup analysis
was performed using Python meta-analysis:

@ Springer

Chi"2 (statistical test for heterogeneity). P (p-value indicating evi-
dence of heterogeneity of intervention effects). I*2 (degree of hetero-
geneity between studies), Z (test for overall effect). overall effect. and
P (p-value for significance of overall effect)

e USA: Pooled RR = 0.09 (95% CI [0.03, 0.25]). indicating
a significant reduction in retreatment rates with coiling.
High heterogeneity (Q = 23.83, p < 0.0001, I> = 91.6%)
suggests variability across studies.

e FEurope: Pooled RR =0.16 (95% CI [0.14, 0.18]), showing a
substantial reduction in retreatment rates with coiling. Very
high heterogeneity (Q = 33.08. p < 0.0001. I = 93.95%).

e Asia: Pooled RR =0.75 (95% CI [0.23, 2.40]). with no
significant difference between coiling and clipping. No
heterogeneity (Q=0.06, p = 0.80, I> = 0%). [Figure 12].

The USA and Europe show significant heterogeneity,
indicating variability in outcomes likely due to differ-
ences in clinical practices or patient populations. In
contrast, Asia has no heterogeneity but a wide confi-
dence interval, suggesting either limited data or con-
sistent outcomes. These regional variations underscore
the influence of local practices on retreatment rates.
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Coiling Clipping Risk ratio Risk ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.3.1 Prospective
Gerlach et al 2007 0 94 5 39 18% 0.04[0.00,068] ¢——-
Brilstra et al 2003 0 19 4 32 18% 0.18{0.01,3.23] —
Darsuat et al 2023 2 142 1 148 25% 2.08[0.19, 22.74) —
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Jang et al 2015 3 386 1 612 28% 476[0.50, 45.56] e
Song et al 2015 2 566 3 558 42% 0.66[0.11,3.92) g
Laletal 2013 22 2824 89 3098 185% 0.27 [0.17 ., 0.43] .
Alshekhiee et al 2010 48 3498 88 3738 20.7% 0.58 [0.41, 0.83] .
Subtotal (95% Cl) 7399 8248 51.8% 0.50 [0.27 , 0.91) ’
Total events: 76 190
Heterogeneity: Tau® = 0.23, Chi*= 12.30,df =6 (P = 0.06), = 51%
Test for overall effect: Z=2.25 (P =0.02)
Total (95% ClI) 9485 11764 100.0% 0.52[0.35,0.78] ‘
Total events: 207 816
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Test for subgroup differences: Chi¥ =012, df=1(P=073), F=0%

Fig.9 Forest plot illustrating the combined risk ratio (RR) for the dichotomous study outcome (Procedural bleeding) comparing the Coiling
group to the Clipping group. The forest plot includes RR values with associated P-values, confidence intervals (CI). degrees of freedom (df),
Chi”2 statistics for heterogeneity testing, corresponding P-values for Chi”2, 1"2 values indicating heterogeneity between studies, Z-test for over-

all effect. overall effect estimates, and P-values for significance of the overall effect

Quality of the evidence: ®®®() Moderate
Procedural complications

Procedural complications are defined as approach-related
issues such as wound healing, myocardial infarction, groin
he matoma. pneumonia, vessel injury, seizures, etc.

Only 8 studies (n = 8975 patients) reported the fre-
quency of procedure-related complications for both inter-
ventions, finding that coiling was associated with lower
rates of such complications (RR = 0.54, 95% CI [0.38,
0.78], p= <0.0009). Pooled data were heterogeneous under
a random effect model (p = 0.02, 12 = 59%); [Figure 6].
Subgroup analysis revealed similar results in prospec-
tive (RR 0.33, 95% CI [0.24 to 0.45]. p = <0.00001) and
retrospective studies (RR 0.67. 95% CI [0.57 to 0.77] p=
<0.00001). [Figure 13].

Quality of the evidence:&B®® High

To address heterogeneity, a regional subgroup analysis was
performed using Python meta-analysis:

e USA: Pooled RR = 0.25 (95% CI [0.19. 0.31]). indicating
a strong reduction in procedural complications with coil-
ing. Low heterogeneity (Q = 2.14, p = 0.34. I> = 6.6%)
suggests consistency across studies.

¢ Europe: Pooled RR = 0.07 (95% C1[0.06. 0.08]). show-
ing a substantial reduction in complications. Heterogene-
ity is not assessable due to only one study.

e Asia: Pooled RR =0.70 (95% CI [0.39, 1.28]). with no
significant difference between coiling and clipping. No
heterogeneity (Q = 1.36, p=0.72. > =0%). [Figure 14].
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Fig. 10 Forest Plot by Region:

Forest Plot by Region: Procedural Bleeding Rates for Coiling vs Clipping
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This analysis shows consistent benefits of coiling in
reducing complications in the USA and Europe. with low
or no heterogeneity. Asia’s results are less definitive, with a
wider confidence interval and no heterogeneity. These find-
ings suggest that regional factors, such as clinical practices,
may affect outcome consistency, with the USA showing par-
ticularly high reliability in results.

Cerebral Ischemla

In 16 studies (n = 14,140 patients), The Clipping tech-
nique was associated with higher rates of ischemic
stroke (RR = 0. 73, 95% CI [0.53. 0.99], p = 0.05)
than the Coiling technique. Subgroup analysis demon-
strated lower rates of ischemic stroke in the coiling arm
in prospective studies (RR 0.39, 95% CI [0.29 to 0.53].
p = 0.00001), but no significant difference in retro-
spective studies (RR 0.88, 95% CI [0.58 to 1.32]. p =
0.53). [Figure 15].

To address heterogeneity. a regional subgroup analysis
was performed using Python meta-analysis:

Asia: Pooled RR = 1.14 (95% C1[0.61-2.15]). indicating
no significant difference between coiling and clipping for
ischemic stroke risk. No heterogeneity (Q= 1.77. p=
0.88, 12 = 0%).

Europe: Pooled RR = 0.84 (95% CI [0.56-1.27)),
slightly favoring coiling but not statistically significant.
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Pooled Risk Ratio

Low to moderate heterogeneity (Q =7.87, p=0.25, I’=
23.7%) suggests minor variability due to study or popula-
tion differences.

USA: Pooled RR =0.45 (95% CI [0.37-0.54]). showing a
clear benefit for coiling with no heterogeneity (Q = 0.22,
p=0.64, 1> =0%). [Figure 16].

This analysis shows consistent findings with minimal het-
erogeneity in Asia and the USA, where coiling is particularly
favorable in the USA. Europe shows a slight trend toward
coiling with low to moderate heterogeneity, likely due to
regional variations in study design or patient characteris-
tics. These findings highlight potential regional influences
on treatment outcomes between coiling and clipping.

Quality of the evidence: &B3P High
Modified rankin score (mRS >2)

An analysis of 13 studies (n = 5,441 patients) revealed that
the clipping group had a worse Rankin Score and higher mor-
bidity compared to the coiling group in post-procedural mRS
> 2 (RR 0.73, 95% CI [0.55 to 0.97]. p = 0.03). Subgroup
analysis demonstrated the same result in the clipping arm in
retrospective studies (RR 0.72. 95% CI [0.53 to 0.96], p =
0.03), but no significant difference was found in prospective
studies. [Figure 17].
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Coiling Clipping Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Prospective
Mascitelll et al 2021 5 140 0 84 78% 6.63[0.37 , 118.43) —_—
Gerfach et al 2007 5 39 0 94 78% 26.13[1.48, 461.41) ——
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Heterogeneity: Tau® = 1.53, Chi* = 66.94, df = 6 (P < 0.00001), I* = 91%
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Fig. 11 Forest plot illustrating the combined risk ratio (RR) for the dichotomous study outcome (Retreatment) comparing the Coiling group to
the Clipping group. The plot includes RR values alongside their associated P-values. confidence intervals (CI), degrees of freedom (df), Chi”2
statistics used for testing heterogeneity, corresponding P-values for Chi*2 indicating evidence of intervention effect heterogeneity. "2 values

indicating degree of heterogeneity between studies. Z-test for overall effect, overall effect estimates, and P-values indicating significance of the

overall effect

Quality of the evidence: ®®@ High
Length of hospital stay

Among 10 studies (n = 47.27Tpatients), surgical clipping
was associated with a longer length of hospital stay (MD
4.36,95% CI[2.96. 5.77]. p= 0000.1). Subgroup analysis,
revealed similar results in prospective (MD 4.95, 95% CI
[3.2t06.71], p= <0.000001) and retrospective studies (MD
4.01,95% CI [2.23 to 5.8] p= <0.0001).[Figure 18].

To address heterogeneity, a regional subgroup analysis
was performed using Python meta-analysis:

e USA:Pooled MD = 3.19 (95% CI [3.06. 3.32]), indicat-
ing that clipping is associated with a longer hospital stay.
High heterogeneity (Q = 17.99, p= 0.0004, I> = 83.3%)
suggests variability across studies.

e Europe: Pooled MD = 7.85 (95% CI [5.64. 10.06]),
showing a stronger association for longer hospital stays
with clipping. No heterogeneity (Q = 0.94. p = 0.33, I?
= 0%) indicates consistency across studies.

Asia: Pooled MD = 3.20 (95% CI [2.61. 3.79]). also
favoring clipping for longer hospital stays. Substantial
heterogeneity (Q = 15.49, p = 0.0038, I” = 74.2%) sug-
gests variability among studies. [Figure 19].

The results show consistent findings in Europe, where
clipping is associated with longer hospital stays and no het-
erogeneity. In contrast, the USA and Asia show high hetero-
geneity. likely due to differences in patient demographics,
clinical practices, or study methodologies, highlighting the
influence of regional factors on hospitalization outcomes
associated with clipping.
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Fig.12 Forest Plot by Region: Forest Plot by Region: Retreatment Rates for Coiling vs Clipping
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Test for subgroup differences: Chi* = 15.13, df =1 (P = 0.0001), F = 93.4%
Fig. 13 Forest plot summarizing the pooled risk ratio (RR) for procedural complications, comparing the Coiling group to the Clipping group.
Key metrics include: RR (risk ratio). P (p-value). C1I (confidence interval), df (degrees of freedom). Chi*2 (statistical test for heterogeneity), P

of Chi*2 (evidence of heterogeneity of intervention effects). 1"2 (degree of heterogeneity between studies). Z (test for overall effect), and P for
significance of overall effect
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Fig. 14 Forest Plot by Region:

Forest Plot by Region: Coiling vs Clipping for Procedural Complications
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Quality of the evidence: ®®®() Moderate
Meta-regression analysis

We performed a meta-regression analysis, considering age,
sex. aneurysm location, aneurysm neck width. and aneu-
rysm diameter as variables. However, the analysis did not
uncover any significant associations between these factors
and outcomes such as occlusion rate, death, ischemia, or
procedural bleeding.

Discussion

In this systematic review and meta-analysis, we compared
the outcomes of coiling and clipping in the management of
unruptured intracranial aneurysms. Our findings demonstrate
significant advantages of coiling over clipping in most study
outcomes. including short-term and long-term complica-
tions, retreatment rates, cerebral ischemia, length of hospital
stay. and mortality. However. coiling did not show superior
results in functional outcomes measured by the mRS or in
procedural complications. Additionally, clipping is associated
with longer averaging estimated by five days more than coil-
ing. Mortality rates for both procedures remain low (<1%),
but when combining data from both study types -pro and
retrospective- coiling appears to offer a slight advantage.
Importantly, both treatment modalities are associated with a
high likelihood of favorable functional outcomes, with 94%

71

of patients achieving a modified Rankin Scale score of <2.
However, there is a significant statistical difference showing
that coiling is associated with better morbidity outcomes.

Our analysis benefits from addressing heterogeneity
through sensitivity and regional subgroup analyses, ensur-
ing that findings are robust and applicable across differ-
ent clinical practices. This approach confirms that coiling
consistently reduces procedural risks, including ischemia,
mortality, bleeding, and other complications, while facilitat-
ing shorter hospital stays. Conversely, the higher midterm
occlusion rates observed with clipping are associated with
higher procedural risks.

Hwang et al. reported that coiling is associated with
lower risks of disability and complications, though long-
term mortality rates are comparable between coiling and
clipping [61]. A 2024 meta-analysis published in Turkish
Neurosurgery supports these findings. noting that while
clipping offers better midterm occlusion and lower retreat-
ment rates, it is also associated with higher procedural
risks, including increased ischemic events and longer hos-
pital stays [62]. Similarly, a meta-analysis by Kang et al.
found that coiling results in fewer immediate complica-
tions but is associated with higher recurrence rates [63].

Overall, our study, which utilizes the largest dataset to
date, confirms that while clipping provides superior mid-
term occlusion rates, coiling is preferred due to its lower
risks of ischemia. mortality, complications. procedural
bleeding. and shorter hospital stays. Coiling may also be
associated with lower morbidity rates.
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Coiling Clipping Risk ratio Risk ratio
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Fig.15 Forest plot summarizing the pooled risk ratio (RR) of the
dichotomous study outcome (cerebral ischemia) between the Coiling
group and the Clipping group. Key metrics include: RR (risk ratio),
P (p-value), CI (confidence interval), df (degrees of freedom). Chi*2

Occlusion rates

At six months, clipping demonstrates higher occlusion rates:
however, this benefit is offset by the one-year mark, as coil-
ing achieves comparable occlusion rates but with a higher
need for retreatment. The superiority of the coiling tech-
nique observed in both prospective and retrospective studies,
which aligns with the previous literature [17]. However, the
pooled RR of long-term complete occlusion did not favor
either technique. These findings suggest a consistent trend
favoring clipping for achieving short-term complete occlu-
sion of unruptured intracranial aneurysms (UIAs). Similarly,
Sturiale et al. [20] reported that clipping provides superior
short-term occlusion rates while achieving comparable

@ Springer

(statistical test for heterogeneity). P of Chi*2 (evidence of heteroge-
neity of intervention effects), I"2 (degree of heterogeneity between
studies). Z (test for overall effect). and P (p-value for significance of
overall effect)

long-term outcomes to coiling for UIAs. In our analysis,
the overall complete occlusion rate also favored the clip-
ping technique for short-term complications, suggesting
that clipping may be more effective in achieving immediate
occlusion compared to coiling. This can be attributed to the
mechanical stability provided by clipping, which allows for
a more secure and definitive closure of the aneurysm imme-
diately post-procedure. In contrast, long-term outcomes
revealed no significant differences between the two tech-
niques across all studies. with only larger studies indicating
a noteworthy advantage for coiling. This discrepancy may
arise from the inherent limitations of smaller studies, which
often have reduced statistical power and increased vari-
ability in outcomes. Larger studies. benefiting from a more
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Fig.16 Forest Plot by Region:

Forest Plot by Region: Coiling vs Clipping
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extensive patient base and diverse clinical scenarios, can
provide a clearer picture of the long-term effectiveness and
risks associated with each intervention. The results suggest
that while clipping may be superior for achieving short-term
occlusion, the effectiveness of coiling may become more
pronounced over time. emphasizing the need for careful con-
sideration of both immediate and long-term outcomes when
selecting a treatment strategy for patients.

Mortality and complications

The analysis of mortality risk within 30 days across seven
studies (n = 81,136 patients) indicates that the coiling
intervention is associated with a significantly lower risk
of 30-day mortality compared to clipping, with a risk ratio
(RR) of 0.56 (95% CI [0.48 to 0.66], p = 0.00001). This
finding highlights the potential safety advantage of coil-
ing, suggesting that patients undergoing this procedure
may experience a reduced likelihood of death shortly after
treatment. However. the pooled data exhibited heterogene-
ity, indicating variability in the study results that cannot
be attributed solely to chance. While some retrospective
studies. report no significant differences in mortality rates
between the two techniques [21, 22]. Our analysis shows that
coiling demonstrates an overall advantage when combin-
ing both retrospective and prospective data. The subgroup
analysis reveals a more nuanced picture. The retrospective
studies consistently show a significantly lower mortality risk
associated with coiling (RR 0.55, 95% CI [0.47 to 0.65],
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Pooled Risk Ratio

p = 0.00001). reinforcing the notion that coiling might be
safer in a broader, real-world context where the complexi-
ties of individual patient cases are considered. In contrast,
the prospective studies do not demonstrate significant differ-
ences in mortality risk between the two techniques (RR 0.72,
95% CI [0.32 to 1.62]. p = 0.9). This lack of significance
in prospective studies may be due to more rigorous patient
selection criteria and controlled conditions, which can limit
variability and may not capture the same risk factors present
in the larger, more diverse cohorts analyzed in retrospective
studies.

Ischemic stroke and retreatment

Our analysis of cerebral ischemia rates indicates that
clipping is associated with higher ischemic stroke rates
compared to coiling, suggesting that coiling may offer
a protective effect, particularly in the short term. Sub-
group analysis indicates that coiling is associated with
significantly lower ischemic stroke rates in prospective
studies (RR 0.39, 95% CI [0.29 to 0.53]. p=0.00001). In
contrast, retrospective studies showed no significant dif-
ference (RR 0.88, 95% CI [0.58 to 1.32], p=0.53). Con-
versly, the findings from Mohamed et al. (2020) reveal
a more nuanced outcome regarding ischemic events in
their retrospective study. They reported a significantly
higher incidence of asymptomatic ischemic events in the
coiling group (24.5%) compared to the clipping group
(2%). However, they noted that the rates of symptomatic
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Colling Clipping Risk ratio Risk ratio
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Fig. 17 Forest plot summarizing the pooled risk ratio (RR) of the dichotomous study outcome (Modified Rankin Score (mRS >2)) between the
Coiling group and the Clipping group. Key metrics include: RR (risk ratio). P (p-value), CI (confidence interval). df (degrees of freedom). Chi*2
(statistical test for heterogeneity). P of Chi*2 (evidence of heterogeneity of intervention effects). 12 (degree of heterogeneity between studies). Z

(test for overall effect), and P (p-value for significance of overall effect)

ischemic complications were equal in both groups (7.5%)
[23]. While our analysis did not find significant differ-
ences in overall ischemic stroke rates, Mohamed et al.'s
results suggest that coiling may be associated with a
higher likelihood of asymptomatic ischemic events.
This highlights the importance of considering both
symptomatic and asymptomatic ischemic complications
when evaluating the safety and efficacy of treatment
techniques.

Regional analysis reveals significant differences in
ischemic stroke risk between clipping and coiling tech-
niques. In Asia, the findings indicate that there is no mean-
ingful distinction in ischemic stroke risk between the two
approaches, suggesting that regional factors may play a role
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in influencing outcomes. In Europe. while coiling shows
a slight advantage over clipping, the difference is not sub-
stantial enough to be considered statistically significant.
Conversely, in the USA, the results strongly favor coiling,
suggesting that it is associated with significantly lower rates
of ischemic stroke compared to clipping.

When examining retreatment rates, we found that coiling
is associated with higher frequencies of retreatment com-
pared to surgical clipping, aligning with existing literature
[16, 19, 23, 24]. The significant increase in retreatment rates
is consistent across prospective studies, whereas retrospec-
tive studies did not demonstrate a substantial difference.
Notably. regional analysis reveals further discrepancies: in
the USA and Europe, coiling is linked to significantly lower
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Mean difference Mean difference
Study or Subgroup MD SE  Weight IV, Random, 95% CI IV, Random, 95% Cl
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Fig. 18 Forest plot summarizing the mean difference (MD) of the
continuous study outcome (length of hospital stay) between the Coil-
ing group and the Clipping group. Key metrics include: MD (mean
difference). SE (standard error), P (p-value), C1 (confidence interval),

retreatment rates, while in Asia, there is no significant dif-
ference between the two techniques, despite the lack of vari-
ability in outcomes.

These regional variations underscore the influence of
local practices on both ischemic stroke and retreatment
rates. Factors such as surgical techniques, operator experi-
ence, patient selection criteria, and healthcare systems likely
contribute to the observed disparities. Additionally. demo-
graphic factors like age, comorbidities, and genetic predis-
positions may affect the risk profiles of patients in different
regions, potentially leading to differences in the efficacy of
each treatment approach.

Hospital stay and patient outcomes

Our collective analysis shows that patients treated with
endovascular coiling tend to have shorter hospital stays

4.36 [2.96 , 5.77) \
Heterogeneity: Tau? = 4 80; Chi = 2045 87, df = 10 (P < 0.00001); I* = 100%
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df (degrees of freedom). Chi*2 (statistical test for heterogeneity), P of
Chi*2 (evidence of heterogeneity of intervention effects), 12 (degree
of heterogeneity between studies). Z (test for overall effect). and P
(p-value for significance of overall effect)

compared to those undergoing surgical clipping, aligning
with previous findings in the literature [24, 25]. In our study,
the percentage of patients with mRS >2 was 1.3% among
clipping patients and 0% among coiling patients. suggesting
a trend towards better patient outcomes in the coiling group,
although this difference did not reach statistical significance.
Similarly, the literature indicates favorable outcomes in the
coiling group compared to the clipping group. although
statistical significance was not explicitly stated [16. 25].
Overall, these consistent trends enhance the reliability and
applicability of our study's findings.

The regional subgroup analysis highlights significant
variations in the association between surgical clipping and
length of hospital stay. In the USA, clipping is linked to
longer hospital stays, but high heterogeneity indicates vari-
ability in outcomes. Conversely, European studies show a
stronger and more consistent association between clipping
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Fig. 19 Forest Plot by Region:

Forest Plot by Region: Clipping vs Coiling
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and increased length of stay, suggesting more standardized
clinical practices within that region. In Asia, while clip-
ping also correlates with longer hospital stays, substantial
heterogeneity points to differing outcomes across studies,
potentially reflecting diverse clinical practices and patient
characteristics.

Procedural complications

Our results indicate that coiling is associated with signifi-
cantly lower rates of complications compared to surgical
clipping. Coiling provides a robust protective effect against
approach-related issues such as wound healing problems.
myocardial infarction, groin hematomas, pneumonia, ves-
sel injury. and seizures. In contrast. clipping necessitates
skull opening and complete visualization of the aneurysm,
leading to a higher incidence of intraoperative challenges
and complications, including inadequate exposure, brain
tissue injury, vessel damage resulting in hemorrhage, and
vessel occlusion causing ischemia [9, 68]. This advantage is
particularly relevant for the predominantly elderly and frail
population with UIAs. A retrospective analysis by Taha et al.
reported a notable periprocedural technical complication
rate of 19.35% for surgical clipping from 2001 to 2004 [26].

In the United States, coiling significantly reduces proce-
dural complications, with consistent findings across stud-
ies. European data further support this, demonstrating an
even greater reduction, although based on a single study.
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Conversely, Asian results show no significant difference in
complication rates between coiling and clipping, suggesting
that the advantages of coiling may be less pronounced in this
region. The wider confidence interval in Asia reflects vari-
ability in clinical practices. patient characteristics, or study
designs.

Choosing between clipping and coiling

Choosing between endovascular coiling and open surgical
clipping for treating intracranial aneurysms involves assess-
ing the benefits and risks associated with each option. Both
methods aim to permanently exclude the aneurysm from
cerebral circulation while preserving critical arteries. Tra-
ditionally, open surgery has been considered the standard
approach. but studies such as the International Subarach-
noid Aneurysm Trial (ISAT) and the International Study
of Unruptured Intracranial Aneurysms (ISUIA) have chal-
lenged this paradigm [27-29]. Understanding these studies
requires consideration of patient demographics, available
clinical expertise, and measured outcomes. For instance,
ISAT excluded patients with life-threatening hematomas,
specific anatomical features, or prior unsuccessful endovas-
cular treatments. ISAT results indicated that endovascular
coiling yielded better outcomes for survival without dis-
ability at one year compared to surgical clipping for rup-
tured intracranial aneurysms. However, these findings may
not universally apply, as the ISAT cohort predominantly
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comprised European patients with small anterior circulation
aneurysms. Although mortality rates were similar between
the two methods, coiling was associated with higher rates of
rebleeding and retreatment [28].

Concerns regarding the long-term durability of endovas-
cular treatment have arisen, with studies reporting symp-
tomatic re-hemorrhaging in patients with partially treated
aneurysms years after the initial procedure. Long-term fol-
low-up is crucial, as underscored by the Dutch Aneurysm
Screening after Surgical Treatment for Ruptured Aneurysms
(ASTRA) Study, which identified a significant incidence of
new aneurysm formation 15 years post-surgical clipping
[30].

Advancements in endovascular techniques have intro-
duced nuanced management approaches, such as "greater
than 95% occlusion” and "near-complete occlusion.” How-
ever, the implications of treating partially occluded aneu-
rysms over the long term remain uncertain [31]. Surgical
clipping. while offering more durable and complete oblit-
eration, carries higher risks related to neurobehavioral out-
comes compared to endovascular methods [32-35].

Therefore. the selection between clipping and coiling
should consider factors like aneurysm complexity, size,
geometry. and accessibility. The presence of both clipping
and coiling capabilities in specialized centers with high case
volumes significantly influences outcomes, with high-volume
centers demonstrating lower mortality rates and improved
patient outcomes compared to low-volume centers [36, 37].

Quality of evidence assessment

The quality of evidence in previous systematic reviews has
frequently been uncertain. Recent meta-analyses (61-63),
for instance, have provided evidence that is often unclear.
In contrast, our study delivers high-quality evidence for
outcomes such as the Modified Rankin Score, cerebral
ischemia, procedural complications, and short-term com-
plete occlusion, although the quality of evidence related to
mortality remains lower.

This study distinguishes itself as the first to present a
pooled effect covering a wide range of dependent variables.
Although prior meta-analyses (61-63) included numerous
studies, their methodology often lacked transparency regard-
ing the quality of evidence and primarily used odds ratios
(OR) for risk analysis. We chose to employ risk ratios (RR)
for several compelling reasons. RR is particularly suited
for the binary outcomes in our analysis—such as complete
occlusion rates in midterm and long-term follow-up, Mor-
tality. Procedural bleeding. Retreatment, Procedural com-
plications, Cerebral ischemia and Modified Rankin score
(mRS >2) as it enables a more direct comparison of event
risks between treatment groups. Unlike OR, which can be
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complex and less intuitive for clinical interpretation, RR
provides clearer and more practical insights that enhance
clinical decision-making. By using RR, we more accu-
rately quantified risk differences between treatment groups,
allowing for a clearer assessment of intervention impacts on
adverse events and functional outcomes, thereby supporting
clinicians in making well-informed decisions.

To ensure the robustness and applicability of our findings
across various clinical practices, we applied Python-based
meta-analysis techniques. following guidelines similar to
those in Masoumi's tutorial on Python meta-analysis [69].
These methods included conducting sensitivity analyses by
sequentially excluding individual studies to evaluate their
influence on the overall outcomes, as well as performing
regional subgroup analyses to capture variations across dif-
ferent clinical settings. By implementing these strategies, we
effectively identified and addressed heterogeneity, resulting
in a refined and reliable analysis that strengthens the evi-
dence base for guiding clinical practice.

Moreover. the inclusion of significant new data and our
robust statistical approach have led to more precise effect size
estimations. This strengthens the overall evidence base, improv-
ing treatment decision-making and optimizing patient care.

Our findings underscore the need for individualized treat-
ment approaches tailored to patient characteristics and stroke
severity, reflecting the emphasis of these guidelines.

Clinical decision-making should also consider factors
such as patient eligibility, treatment accessibility, and the
resources available at different institutions to ensure each
patient receives the most effective and appropriate treatment.

Limitations

Despite the thorough approach used in this study, several
limitations should be acknowledged: Firstly, there was sig-
nificant heterogeneity among the included studies regarding
their design, patient demographics, and clinical practices,
which could limit the generalizability of our findings. Such
variability may result in inconsistencies in outcomes, reduc-
ing the applicability of results across different healthcare
settings.

Additionally, the extensive time frame considered in the
analysis is a limitation. as advancements in medical tech-
nology and changes in clinical practices over the years may
influence the comparability of the results. The diversity in
patient characteristics and types of aneurysms further com-
plicates the analysis, as these factors can affect outcomes in
various ways.

The variability in reported outcome measures across stud-
ies also poses challenges for effective data synthesis, as not
all studies provided comparable primary and secondary out-
comes. While we conducted meta-regression and subgroup
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analyses to investigate sources of variability. these analyses
are observational and do not establish causal relationships;
therefore. the findings should be interpreted with caution.
Lastly, some included studies may have had short follow-up
durations, which could affect the assessment of long-term
outcomes.

Conclusion

Our study highlights that clipping achieves higher short-
term occlusion rates but is associated with longer hospital
stays and higher risks of procedural bleeding and ische mia.
By the one-year mark, coiling achieves similar occlusion
rates, but has a higher rate of retreatment. Coiling offers
advantages including shorter hospital stays, lower proce-
dural risks, a slight mortality benefit, and better morbid-
ity outcomes. Both methods lead to favorable functional
outcomes for most patients. Our analysis, strengthened by
sensitivity and regional subgroup analyses, ensures that the
findings are robust and applicable across various clinical
practices.

Acknowledgment We would like to express our gratitude to Mahmoud
Masoud. Rawan Hamamerh, Asmaa AlNajjar. and Amjad Almansi for
their contributions to this meta-analysis. Although their involvement
was limited and some tasks were not fully completed. their early efforts
in data collection and preliminary analysis were valuable to the overall
project.

Funding The author(s) have received no financial support for the
research, authorship. and/or publication of this article.

Data availability Not publicly available.

Declarations

Conflict of interests The author(s) have no potential conflicts of inter-
est to declare with respect to the research, authorship. and/or publica-
tion of this article.

Ethical approval Not applicable.

Informed consent Not applicable.

References

1. Bekelis K. Goodney PR, Dzebisashvili N. Goodman DC, Bronner
KK. The Dartmouth Atlas of Health Care. Variation in the Care of
Surgical Conditions: Cerebral Aneurysms: A Dartmouth Atlas of
Health Care Series. Lebanon (NH): The Dartmouth Institute for
Health Policy and Clinical Practice© The Trustees of Dartmouth
College.: 2014,

2. Brisman JL, Song JK, Newell DW (2006) Cerebral aneurysms. N
Engl J Med. 355(9):928-39. hutps://doi.org/10.1056/NEJMra0527
60

@ Springer

78

15.

. Thompson BG, Brown RD Jr, Amin-Hanjani S, Broderick JP,

Cockroft KM, Connolly ES Jr et al (2015) Guidelines for the
Management of Patients With Unruptured Intracranial Aneu-
rysms: A Guideline for Healthcare Professionals From the
American Heart Association/American Stroke Association.
Stroke. 46(8):2368-400. https://doi.org/10.1161/str.00000
00000000070

. Cianfoni A, Pravata E, De Blasi R, Tschuor CS, Bonaldi G

(2013) Clinical presentation of cerebral aneurysms. Eur J Radiol.
82(10):1618-22. https://doi.org/10.1016/j.ejrad.2012.11.019

Tawk RG. Hasan TF. D"Souza CE, Peel JB. Freeman WD (2021)
Diagnosis and Treatment of Unruptured Intracranial Aneurysms
and Aneurysmal Subarachnoid Hemorrhage. Mayo Clin Proc.
96(7):1970-2000. https://doi.org/10.1016/j. mayocp.2021.01.005

. Caffes N, Wenger N. Cannarsa G. Oliver J, Onwukwe C. Gandhi

D et al (2021) Unruptured cerebral aneurysms in elderly patients:
key challenges and management. Ann Med. 53(1):1839-49.
https:/doi.org/ 10.1080/07853890.2021.1990393

. Lai L, Morgan MK (2012) The impact of changing intracranial

aneurysm practice on the education of cerebrovascular neurosur-
geons. J Clin Neurosci. 19(1):81-4. https://doi.org/10.1016/j jocn.
2011.07.008

Darsaut TE, Estrade L. Jamali S, Bojanowski MW, Chagnon M
Raymond J (2014) Uncertainty and ag in the 2

of unruptured intracranial aneurysms. J Neurosurg. 120(3):618—
23. https://doi.org/10.3171/2013.11.Ins131366

. Brinjikji W, Rabinstein AA, Nasr DM. Lanzino G. Kallmes DF,

Cloft HI (2011) Better outcomes with by coiling
to clipping of unruptured intracranial aneurysms in the United
States, 2001-2008. AJINR Am J Neuroradiol. 32(6):1071-5.
https://doi.org/ 10.3174/ajnr

McDonald JS. McDonald RJ, Fan J, Kallmes DF, Lanzino G.
Cloft HJ (2013) Comparative effectiveness of unruptured cerebral
aneurysm therapies: propensity score analysis of clipping versus
coiling. Stroke. 44(4):988-94. hitps://doi.org/10.1161/strokeaha.
111.000196

Alshafai N. Cusimano MD, Falenchuk O (2013) Global differ-
ences in the present and future management of cerebral aneu-
rysms. World Neurosurg. 80(6):717-22. https7/doi.org/10.10 16/j.
wneu.2013.01.092

Hwang JS, Hyun MK, Lee HJ, Choi JE, Kim JH, Lee NR
et al (2012) Endovascular coiling versus neurosurgical clip-
ping in patients with unruptured intracranial aneurysm: a sys-
tematic review. BMC Neurol. 12:99. https://doi.org/10.1186/
1471-2377-12-99

Tsianaka E. Al-Shawish A. Potapov A, Fountas K, Spyrou M.
Konovalov N (2019) Clipping versus coiling in Sposterior circula-
tion intracranial aneurysms: a meta-analysis. Chin Neurosurg J.
5:16. hups//doi.org/10.1186/s41016-019-0163-x

. Sterne JA, Hernidn MA, Reeves BC. Savovié¢ I, Berkman ND,

Viswanathan M. Henry D, Altman DG, Ansari MT, Boutron 1.
Carpenter JR. Chan AW, Churchill R, Deeks JJ, Hrébjartsson A,
Kirkham J. Jiini P, Loke YK, Pigott TD. Ramsay CR. Regidor D.
Rothstein HR, Sandhu L. Santaguida PL. Schiinemann HJ, Shea
B, Shrier 1, Tugwell P, Turner L, Valentine JC, Waddington H,
Waters E. Wells GA, Whiting PF, Higgins JP (2016) Robins-i:
A tool for assessing risk of bias in non-randomised studies of
interventions. Bmj 355:i4919

Jonathan ACS, Jelena S, Matthew JP. Roy GE, Natalie SB, Isa-
belle B, Christopher JC, Hung-Yuan C, Mark SC, Sandra ME.
Jonathan RE, Miguel AH, Sally H. Asbjern H, Daniela RJ, Peter
J, Jamie JK, Toby L, Tianjing L, Alexandra M. Barnaby CR, Sasha
S. Ian 8. Lesley AS. Kate T, Ian RW, Penny FW, Julian PTH
(2019) Rob 2: A revised tool for assessing risk of bias in ran-
domised trials. BMJ 366:14898



Neurological Sciences

18

. Sweeney K. Silver N. Javadpour M. Subarachnoid haemorrhage

(spontaneous aneurysmal). BMJ Clin Evid. 2016: 2016 .
Belavadi R. Gudigopuram SVR. Raguthu CC. Gajjela H, Kela 1,
Kakarala CL et al (2021) Surgical Clipping Versus Endovascular
Coiling in the Management of Intracranial Aneurysms. Cureus.
13(12):¢20478. https:/#/doi.org/ 10.7759/cureus. 20478

Song J, Kim BS, Shin YS (2015) Treatment outcomes of unrup-
tured intracranial aneurysm: experience of 1.231 consecutive
aneurysms. Acta Neurochir (Wien). 157(8):1303-10. https://doi.
org/10.1007/s00701-015-2460-2

. Darsaut TE, Fahed R, Macdonald RL, Arthur AS, Kalani MYS,

Arikan F et al (2018) Surgical or endovascular management of
ruptured intracranial aneurysms: an agreement study. J Neurosurg.
131(1):25-31. https://doi.org/10.3171/2018.1 Jns 172645
Sturiale CL, Scerrati A, Ricciardi L. Rustemi O, Auricchio AM,
Norri N et al (2022) Clipping versus coiling for treatment of mid-
dle cerebral artery aneurysms: a retrospective Italian multicenter
experience. Neurosurg Rev. 45(5):3179-91. https://doi.org/10.
1007/s10143-022-01822-3

. Kim YD, Bang JS. Lee SU, Jeong WJ, Kwon OK, Ban SP et al

(2018) Long-term outcomes of treatment for unruptured intrac-
ranial aneurysms in South Korea: clipping versus coiling. J Neu-
rointerv Surg. 10(12):1218-22. hutps://doi.org/10.1136/neuri
ntsurg-2018-013757

. Bekelis K., Missios S, Coy S, Singer RJ, MacKenzie TA. New

York State: Comparison of Treatment Outcomes for Unruptured
Cerebral Aneurysms Using an Instrumental Variable Analysis.
J Am Heart Assoc. 2015:4(7 https://doi.org/10.1161/jaha.115.
002190

Mohammad F, Horiguchi T, Mizutani K. Yoshida K (2020) Clip-
ping versus coiling in unruptured anterior cerebral circulation
aneurysms. Surg Neurol Int. 11:50. https://doi.org/ 10.25259/
sni_1_2020

Xin WQ, Xin QQ. Yang XY (2019) Meta-Analysis of Clipping
versus Coiling for the Treatment of Unruptured Middle Cerebral
Artery Aneurysms: Direct Comparison of Procedure-Related
Complications. Neuropsychiatr Dis Treat. 15:3387-95. https://
doi.org/10.2147/ndt.S226353

Alshekhlee A, Mehta S, Edgell RC. Vora N, Feen E, Moham-
madi A et al (2010) Hospital mortality and complications of
electively clipped or coiled unruptured intracranial aneurysm.
Stroke. 41(7):1471-6. https://doi.org/10.1161/strokeaha. 1 10.
580647

. Taha MM, Nakahara I, Higashi T, Iwamuro Y, Iwaasa M, Watan-

abe Y et al (2006) Endovascular embolization vs surgical clipping
in treatment of cerebral aneurysms: morbidity and mortality with
short-term outcome. Surg Neurol. 66(3):277-84. https://doi.org/
10.1016/j.surneu.2005.12.031

. Molyneux A, Kerr R, Stratton I et al (2002) International Suba-

rachnoid Aneurysm Trial (ISAT) of neurosurgical clipping versus
endovascular coiling in 2143 patients with ruptured intracranial
aneurysms: a randomised trial. Lancet 360:1267-74

. Molyneux AJ, Kerr RS, Yu LM et al (2005) International Suba-

rachnoid Aneurysm Trial (ISAT) of neurosurgical clipping versus
endovascular coiling in 2143 patients with ruptured intracranial
aneurysms: a randomised comparison of effects on survival,
dependency, seizures, rebleeding. subgroups, and aneurysm occlu-
sion. Lancet 366:809-17

Wiebers DO, Whisnant JP, Huston J 3rd et al (2003) Unruptured
intracranial aneurysms: natural history, clinical outcome. and risks
of surgical and endovascular treatment. Lancet 362:103-10

. Wermer MJH, van der Schaaf IC. Velthius BK et al (2005) Fol-

low-up screening after subarachnoid haemorrhage: frequency
and determinants of new aneurysms and enlargements of existing
aneurysms. Brain 128(Pt10):2421-9

79

3L

35.

36.

37.

38.

39.

41,

42,

43,

45.

46.

Brilstra EH, Rinkel GJ., van der Graaf Y, et al. Quality of life after
treatment of unruptured intracranial aneurysms by neurosurgical
clipping or by embolisation with coils. A prospective. observa-
tional study. Cerebrovasc Dis. 2004:17(1):44-52. hutps:/doi.org/
10.115%/000073897

Ogden JA, Towgood K. Mee E (2005) Neurological neuropsycho-
logical, and functional outcome followingtreatmentforunruptured-
intracranialaneurysms. J IntNeuropsycholSoc 11:522-34

. Bellebaum C, Schafers L. Schoch B et al (2004) Clipping versus

coiling: neuropsychological follow up after aneurysmal subarach-
noid haemorrhage (SAH). J Clin Exp Neuropsychol 26:1081-92

. Cross DT 3rd, Tirschwell DL, Clark MA et al (2003) Mortal-

ity rates after subarachnoid hemorrhage: variations according to
hospital case volume in 18 states. J Neurosurg 99:810-7
Johnston SC (2000) Effect of endovascular services and hospi-
tal volume on cerebral aneurysm treatment outcomes. Stroke
311117

Bardach NS, Zhao S. Gress DR et al (2002) Association between
subarachnoid hemorrhage outcomes and number of cases treated
at California hospitals. Stroke 33(7):1851-6

Solomon RA, Mayer SA, Tarmey JJ (1996) Relationship between
the volume of craniotomies for cerebral aneurysm performed
at New York state hospitals and in-hospital mortality. Stroke
27:13-7

Dammann P, Schoemberg T, Miiller O et al (2014) Outcome for
unruptured middle cerebral artery aneurysm treatment: surgical
and endovascular approach in a single center. Neurosurg Rev.
37(4):643-651. https://doi.org/10.1007/s10143-014-0563-5
Diaz OM. Rangel-Castilla L. Barber S, Mayo RC. Klucznik R,
Zhang YJ (2014) Middle cerebral artery aneurysms: a single-
center series comparing endovascular and surgical treatment.
World neurosurgery 81(2):322-329. https://doi.org/10.1016/j.
wnew.2012.12.011

. Giiresir E, Vatter H. Schuss P et al (2013) Natural history of small

unruptured anterior circulation aneurysms: a prospective cohort
study. Stroke. 44(11):3027-3031. hutps:/doi.org/10.1161/STROK
EAHA.113.001107

Jang EW, Kim YB, Chung J. Suh SH. Hong CK, Joo JY (2015)
Clinical Risk Factors Affecting Procedure-Related Major Neu-
rological Complications in Unruptured Intracranial Aneurysms.
Yonsei Med J. 56(4):987-992. https://doi.org/10.3349/ymj.2015.
56.4.987

Duan Y. Blackham K. Nelson J, Selman W, Bambakidis N (2015)
Analysis of short-term total hospital costs and current primary
cost drivers of coiling versus clipping for unruptured intracranial
aneurysms. J Neurointerv Surg. 7(8):614-8. https:/doi.org/10.
1136/neurintsurg-2014-011249

Frontera JA. Moatti J. de los Reyes KM. McCullough S, Moyle
H. Bederson JB, Patel A (2014) Safety and cost of stent-assisted
coiling of unruptured intracranial aneurysms compared with coil-
ing or clipping. J Neurointerv Surg. 6(1):65-71. https://doi.org/
10.1136/neurintsurg-2012-010544

. Yang H, Jiang H. Ni W et al (2019) Treatment Strategy for Unrup-

tured Intracranial Aneurysm in Elderly Patients: Coiling. Clip-
ping. or Conservative? Cell Transplant. 28(6):767-774. https://
doi.org/10.1177/0963689718823517

Suzuki M. Yoneda H, Ishihara H et al (2015) Adverse events after
unruptured cerebral aneurysm treatment: a single-center experi-
ence with clipping/coil embolization combined units. J Stroke
Cerebrovasc Dis. 24(1):223-231. https//doi.org/10.1016/j.jstro
kecerebrovasdis.2014.08018

Solheim O, Elogayli H. Muller TB, Unsgaard G (2006) Qual-
ity of life after treatment for incidental, unruptured intracranial
aneurysms. Acta Neurochir (Wien). 148(8):821-830. https:/doi.
org/10.1007/s0070 1-006-0804-7

@ Springer



Neurological Sciences

47.

49

5L

53.

55.

57

38.

59.

Lad SP. Babu R, Rhee MS et al (2013) Long-term economic
impact of coiling vs clipping for unruptured intracranial aneu-
rysms. Neurosurgery. 72(6):1000-1013. https:/#/doi.org/ 10.1227/
01.neu.0000429284.91142.56

. Jalbert]J. Isaacs AJ. Kamel H, Sedrakyan A (2015) Clipping and

Coiling of Unruptured Intracranial Aneurysms Among Medicare
Beneficiaries, 2000 to 2010. Stroke. 46(9):2452-2457. https://doi.
org/10.1161/STROKEAHA.115.009777

Iwamuro Y, Nakahara I. Higashi T et al (2007) Result of neck
clipping and coil embolization as a treatment for unruptured aneu-
rysm. Interv Neuroradiol. 13(Suppl 1):151-156. https://doi.org/
10.1177/15910199070130S123

. Huang C. You C (2019) Clipping Versus Coiling in the Man-

agement of Unruptured Aneurysms with Multiple Risk Factors.
World Neurosurg. 126:¢545-e549. https://doi.org/10.1016/.wneu.
2019.02.090

Gerlach R, Beck J, Setzer M et al (2007) Treatment related mor-
bidity of unruptured intracranial aneurysms: results of a prospec-
tive single centre series with an interdisciplinary approach over
a 6 year period (1999-2005). J Neurol Neurosurg Psychiatry.
78(8):864-871. https/doi.org/10.1136/jnnp.2006.106823

2. Darsaut TE. Findlay JM, Bojanowski MW et al (2023) A Prag-

matic Randomized Trial Comparing Surgical Clipping and Endo-
vascular Treatment of Unruptured Intracranial Aneurysms. AJNR
Am J Neuroradiol. 44(6):634-640. https://doi.org/ 10.3174/ajnr.
AT865

Cho WC, Shin YS, Kim BS, Choi JH (2020) Treatment outcome
after coiling or clipping for elderly patients with unruptured
intracranial aneurysms. J Cerebrovasc Endovasc Neurosurg.
22(2):78-84. https://doi.org/10.7461/jcen.2020.22.2.78
Mascitelli JR, Mocco J, Hardigan T et al (2021) Endovascular
therapy versus microsurgical clipping of unruptured wide-neck
aneurysms: a prospective multicenter study with propensity score
analysis. J Neurosurg. 137(2):352-359. htps://doi.org/10.3171/
2021.10.JNS211942

Haeren R, Hafez A. Korja M, Raj R, Niemeld M (2022) Fast Tran-
sition from Open Surgery to Endovascular Treatment of Unrup-
tured Anterior Communicating Artery Aneurysms-A Retrospec-
tive Analysis of 128 Patients. World Neurosurg. 165:e668-e679.
https://doi.org/10.1016/j.wneu.2022.06.122

. Pflaeging M, Kabbasch C, Schlamann M et al (2021) Micro-

surgical Clipping versus Advanced Endovascular Treatment of
Unruptured Middle Cerebral Artery Bifurcation Aneurysms After
a “Coil-First” Policy. World Neurosurg. 149:¢336-e344. https:/
doi.org/10.1016/j.wneu.2021.02.027

LuoJ, Wang C. Dai Y et al (2022) Efficacy and safety of endovas-
cular therapy versus surgical clipping for patients with unruptured
middle cerebral artery bifurcation aneurysms [published correc-
tion appears in. J Investig Med. 70(5):1273-1279. htps://doi.org/
10.1136/jim-2021-002230

GRADEpro GDT: GRADEpro Guideline Development Tool
[Software]. McMaster University and Evidence Prime. 2024,
Available from gradepro.org.

Hwang JS, Hyun MK, Lee HJ, Choi JE, Kim JH. Lee NR. Kwon
JW. Lee E (2012) Endovascular coiling versus neurosurgical
clipping in patients with unruptured intracranial aneurysm: a

@_ Springer

80

61.

63.

65.

66.

67.

68.

69.

systematic review. BMC Neurol. 2
1186/1471-2377-12-99

2(12):99. https//doi.org/10.

. DianaF, Pesce A, Toccaceli G, Muralidharan V, Raz E, Miscusi

M. Raco A, Missori P, Peschillo S (2022) Microsurgical clipping
versus newer endovascular techniques in treatment of unruptured
anterior communicating artery-complex ancurysms: a meta-
analysis and systematic review. Neurosurg Rev. 45(2):1089-1100.
https:/doi.org/10.1007/s10143-021-01647-6

Hwang JS. Hyun MK, Lee HJ et al (2012) Endovascular coiling
versus neurosurgical clipping in patients with unruptured intrac-
ranial aneurysm: a systematic review. BMC Neurol. 12:99. https//
doi.org/10.1186/1471-2377-12-99

. ShenZ. Zhao Y. Gu X et al (2024) Systematic Review of Treat-

ment for Unruptured Intracranial Aneurysms: Clipping Versus
Coiling. Turk Neurosurg. 34(3):377-387. hupsy/doi.org/10.5137/
1019-5149.JTN.23729-18.1

Kang XK. Guo SF. Lei Y et al (2020) Endovascular coiling versus
surgical clipping for the treatment of unruptured cerebral aneu-
rysms: Direct comparison of procedure-related complications.
Medicine (Baltimore). 99(13):219654. https://doi.org/10.1097/
MD.00000000000 19654

. Wiebers DO, Whisnant JP, Huston J 3rd, Meissner I. Brown RD

Ir, Piepgras DG, Forbes GS, Thielen K. Nichols D, O"Fallon WM,
Peacock J, Jaeger L, Kassell NF, Kongable-Beckman GL., Torner
JC (2003) International Study of Unruptured Intracranial Aneu-
rysms Investigators: Unruptured intracranial aneurysms: Natural
history. clinical outcome, and risks of surgical and endovaseular
treatment. Lancet 362:103-110

Song J. Kim BS, Shin YS (2015) Treatment outcomes of unrup-
tured intracranial aneurysm: experience of 1231 consecutive aneu-
rysms. Neurochir (Wien) 157:1303-1310

Kunz M. Bakhshai Y. Zausinger S, Fesl G, Jansscn H (2013)
Briick- mann H. Tonn JC, Schichor C: Interdi nar
of unruptured intracranial aneurysms: Impact of intraprocedural
rupture and ischemia in 563 aneurysms. J Neurol 260:1304-1313
Alshekhlee A, Mehta S, Edgell RC, Vora N, Feen E. Mohammadi
A, Kale SP, Cruz-Flores S (2010) Hospital mortality and com-
plications of electively clipped or coiled unruptured intracranial
aneurysm. Stroke 41:1471-1476

Lai LT, ODonnell J, Morgan MK (2013) The risk of seizures
during the in-hospital admission for surgical or endovascu-
lar treatment ofunruptured intracranial aneurysms. Neurosci
20:1498-1502

Masoumi S, Shahraz S (2022) Meta-analysis using Python: a
hands-on tutorial. BMC Med Res Methodol. 22(1):193. https:/
doi.org/10.1186/s12874-022-01673-y

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this articke under a publishing agreement with the
author(s) or other rightsholder(s): author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.



4. Abschlussdiskussion

4.1. Erstes Manuskript

Comparative Effectiveness of Intravenous Thrombolysis plus Mechanical
Thrombectomy versus Mechanical Thrombectomy Alone in Acute Ischemic Stroke: A
Systematic Review and Meta-Analysis.

Hammed A, Al-Qiami A, Alzawahreh A, Rosenbauer J, Nada EA, Otmani Z, Hamam NG,
Alnajjar AZ, Mohamed Hammad E, Hamamreh R, Kostev K, Richter G, Tanislav C,;
Cerebrovasc Dis. 2024 Aug 24:1-14. doi: 10.1159/000541033. Epub ahead of print.
PMID: 39182478.

In den letzten Jahren hat die Behandlung des akuten ischdmischen Schlaganfalls
bemerkenswerte Fortschritte gemacht [8]. Besonders die Kombination aus intravendser
Thrombolyse (IVT) und mechanischer Thrombektomie (MT) bei Verschluss einer grofRen
hirnversorgenden Arterie ist mittlerweile etabliert. Trotz ihrer breiten Anwendung
bleibt jedoch unklar, ob die Kombination von IVT und MT, die sogenannte Bridging-
Therapie, Vorteile gegeniber der alleinigen mechanischen Thrombektomie bietet,
sodass diese Frage aktuell Gegenstand wissenschaftlicher Diskussionen ist [8,11]. Ziel
der prasentierten Arbeit war es daher, die Bridging-Therapie mit der Durchfiihrung der
alleinigen mechanischen Thrombektomie auf Vor- und Nachteile in einer Meta-Analyse

zu untersuchen.

Bridging-Therapie versus intravenése Thrombolyse, Nutzen in der Akutphase.

Die Ergebnisse unserer Analyse zeigen, dass die Bridging-Therapie (IVT + MT) mit einer
starkeren klinischen Verbesserung assoziiert ist; beim Vergleich der NIHSS-Scores
(National Institutes of Health Stroke Scale) nach 24 Stunden und nach sieben Tagen
zeigen sich diesbezliglich klare Ergebnisse. Der mittlere Unterschied (MD) zwischen den
beiden Behandlungsansatzen betrug 0,96 (95% Cl [0,73-1,20], p < 0,00001). Die frihe
IVT mit nachfolgender Thrombektomie scheint insbesondere eine rasche Reperfusion zu
fordern und die Zeit zur Rekanalisation zu verkiirzen. Diese Beobachtung steht im

Einklang mit den abgeleiteten Daten zur Rekanalisation der betroffenen GefaRe. Der
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TICI-Score (Thrombectomy in Cerebral Ischemia) ist ein wichtiger Indikator fur die
erfolgreiche Rekanalisation eines Verschlusses einer hirnversorgenden Arterie. In
diesem Zusammenhang konnten wir in unserer Analyse einen hohen Anteil an
erfolgreichen Rekanalisationen (TICI 2b—3) in der Bridging-Therapie-Gruppe finden.
Unsere Analyse erganzt die Ergebnisse der Arbeit von Cuadra-Campos und Kollegen, die
die oben beschriebenen Vorteile der Bridging-Therapie ebenfalls beobachteten [15].

Unsere Ergebnisse unterstreichen damit die Notwendigkeit eines raschen Handels beim
akuten Schlaganfall, die friihzeitige intraventse Thrombolyse mit nachfolgender

Thrombektomie bietet den grofSten therapeutischen Nutzen fiir den Patienten.

Klinische Implikationen fiir die Bridging-Therapie im Zeitverlauf

Obwohl die Bridging-Therapie bei der Verbesserung des NIHSS-Scores unmittelbar nach
der Prozedur Uberlegen war, gab es keine relevanten Unterschiede zwischen den beiden
Gruppen in Bezug auf den funktionellen Status nach 90 Tagen. Die gemessenen Werte
der modifizierten Rankin-Skala (mRS) zeigten keine nennenswerten Unterschiede (RR
1,05, 95% Cl [0,97-1,13], p = 0,23). Dieses Ergebnis ist so zu interpretieren, dass die
unmittelbare Verbesserung des neurologischen Status nach der Bridging-Therapie nicht
zwangslaufig zu einem besseren funktionellen Satus im Zeitverlauf fihrt. In diesem
Zusammenhang muss hier ein methodisches Bias in der Erhebung der Langzeitscores
diskutiert werden. Wahrend die fir die akute Evaluation verwendete NIH-Stroke Scale
feine klinische Unterschiede diskriminiert, ist die im Langzeitverlauf verwendete
modifizierte Rankin-Skala in der Erhebung grob strukturiert und gibt nur global die
Funktionalitat wieder [16]. Inwiefern feine Unterschiede auch im Langzeitverlauf
existieren, bleiben aufgrund dieser methodischen Schwachen unklar. Es ist jedoch
anzunehmen, dass, sofern vorhanden, Unterschiede gering ausfallen und keinen

nennenswerten Einfluss auf die funktionale Gesundheit insgesamt haben [16,17].
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Bridging-Therapie versus intravendse Thrombolyse, Zeitaspekte.

Ein weiterer relevanter Punkt in unserer Analyse war die Zeit zwischen dem
Symptombeginn des akuten Schlaganfalles und der Punktion zur Durchfiihrung der
mechanischen Thrombektomie. Diese war in der MT-Gruppe kiirzer als in der BT-Gruppe
(MD 9,91 Minuten, 95% Cl [4,31-15,52], p = 0,005). Diese Beobachtung ist von grolRer
Relevanz, unabhangig von dem Procedere ist eine zligige Durchfiihrung der gewahlten
Malnahmen fir den Outcome wichtig. Auch wenn der Unterschied in unserer Analyse
auf knapp nur 10 Minuten gerechnet wurde, die die Durchfliihrung der alleinigen
Thrombektomie bevorteilt, sollte die vorgeschaltete Prozedur der intravendsen
Thrombolyse im Grundsatz keine Verzogerung nach sich ziehen. Daher sollten etablierte
organisatorische Ablaufe in der Akutversorgung des Schlaganfalles der Kliniken kritisch
hinterfragt und gegebenenfalls revidiert werden; mogliche Faktoren sollten
ausgeschaltet werden, die eine Verzogerung hervorrufen kénnen [17]. Auch eine
Verzogerung von 10 Minuten kann beim akuten Schlaganfall im Outcome erhebliche

Auswirkungen haben.

Sicherheitsaspekte und symptomatische intrakranielle Blutungen (sICH)

In Bezug auf die Sicherheit fanden wir zwischen den beiden Gruppen keinen relevanten
Unterschied bezlglich des Risikos, eine symptomatische intrakranielle Blutung (sICH)
(RR 1,23, 95% CI [0,88—1,74], p = 0,23) zu erleiden.Dies ist eine wichtige Erkenntnis, da
bei der Verwendung von Thrombolytika und rekanalisierenden Verfahren per se ein
erhohtes Blutungsrisiko angenommen werden muss, das potenziell einen erheblichen
Einfluss auf die Therapieentscheidung haben kann. Unsere Ergebnisse stehen im
Einklang mit den Ergebnissen vorheriger Analysen, die fir beide Prozeduren

vergleichbare Risiken bezliglich einer intrakraniellen Blutung herausfanden [16,17].

Aspekte der Mortalitét und Langzeitprognose

Die Analyse der Mortalitdt nach 90 Tagen zeigte keine signifikanten Unterschiede in der

Mortalitat zwischen den beiden Gruppen (RR 0,91, 95% CI [0,75-1,10], p = 0,34). Diese
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Beobachtung zeigt, dass diesbeziiglich beide Prozeduren sicher sind und keine
wesentlichen Unterschiede in der langfristigen Uberlebensrate der Patienten
aufweisen. Dies steht im Einklang mit friiheren Studien, die ebenfalls keinen relevanten
Einfluss auf die Mortalitdt in Abhdngigkeit von der Wahl der Therapiemodalitat
herausgearbeitet haben [8,17]. In Bezug auf die Langzeitprognose, gemessen anhand
des Barthel Index und der mRS, fanden wir keine relevanten Unterschiede zwischen
den beiden Gruppen. Diese Ergebnisse deuten darauf hin, dass die Wahl der
Behandlungsmethode zum Teil kurzfristige Vorteile bietet, jedoch keinen wesentlichen
messbaren Einfluss auf die funktionelle Gesundheit im Langzeitverlauf hat. Auch hier
sind unsere Ergebnisse mit denjenigen die von Cuadra-Campos und Kollegen
vergleichbar [15], die ebenfalls keine relevanten Unterschiede im Langzeitverlauf

feststellten.

Vergleich mit bestehenden Studien und Literatur

Die Ergebnisse dieser Meta-Analyse decken sich weitgehend mit den Erkenntnissen
anderer aktueller Studien, wie den Arbeiten von Wang et al. [16] und Cuadra-Campos et
al. [17]. Diese Studien betonen ebenfalls die Uberlegenheit der Bridging-Therapie (BT)
bei der Wiederherstellung der Hirnperfusion. Unterschiede in Bezug auf funktionellen
Status und Mortalitdt, die in einigen friiheren Studien zugunsten der alleinigen
mechanischen Thrombektomie (MT) festgestellt wurden, kénnten durch Variationen in
Studiendesigns, Patientenpopulationen oder Behandlungsalgorithmen erklart werden.
Auch methodische Limitationen in der Langzeiterfassung des funktionellen Status
konnten hierbei eine Rolle spielen, da die Assessments zur Langzeitevaluation haufig
weniger differenziert sind und meist nur den globalen funktionellen Status erfassen.

Ein zentraler Aspekt dieser Analyse ist zweifelsohne der Vorteil beziglich der
Wiederherstellung der Hirnperfusion bei Anwendung der Bridging-Therapie bei
gleichzeitig nicht erhohtem Risikoprofil. Die friihzeitige Wiederherstellung des
Blutflusses ist entscheidend, um Hirngewebe zu erhalten und langfristige Schaden zu
minimieren. Diese Erkenntnisse stitzen die aktuellen Leitlinien der American Heart
Association (AHA) und der American Stroke Association (ASA), die
Reperfusionstherapien, insbesondere bei groRen Arterienverschliissen, als essenziell

hervorheben [18]. Das Ziel bleibt, die Reperfusion so schnell wie moglich zu erreichen,
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um den Patienten die besten Chancen auf eine vollstandige funktionelle Erholung zu

bieten.

Zusammenfassung

Die Bridging-Therapie zeigt bei akuten ischamischen Schlaganfdllen infolge eines
Verschlusses einer groRen hirnversorgenden Arterie klare Vorteile, sowohl bei der
Verbesserung des klinisch-neurologischen Befundes als auch hinsichtlich der
Wiederherstellung der Hirnperfusion. In Bezug auf die funktionellen Langzeitergebnisse
und die Mortalitdt unterscheiden sich die Bridging-Therapie und die alleinige
mechanische Thrombektomie (MT) in unserer Analyse nicht voneinander. Unsere
Analyse zeigt, die alleinige mechanische Thrombektomie wird zu einem friiheren
Zeitpunkt durchgefihrt (etwa 10 Minuten), dagegen ist die Punktion zur Durchfiihrung
der mechanischen Thrombektomie bei vorausgehender intraventsen Thrombolyse
entsprechend verzogert. Diese Beobachtung ist kritisch zu hinterfragen; Kliniker sollten
dazu angeregt werden ihre Ablaufprotokolle zu Uberprifen und mogliche
zeitverzogernde Faktoren auszuschalten. Auch hinsichtlich des Risikos einer
intrakraniellen Blutung zeigte unsere Analyse keinen wesentlichen Unterschied
zwischen den beiden Prozeduren.

In der Zusammenfassung ist fir die klinische Praxis die Bridging-Therapie die bevorzugte
Option fir die Behandlung von Patienten mit einem akuten Schlaganfall infolge eines
Verschlusses einer groRen hirnversorgenden Arterie. Beide Prozeduren sind sicher, ein
vergleichbares Risiko eine intrakranielle Blutung zu erleiden findet sich bei beiden
Prozeduren gleichermalen. Fiir Patienten, bei denen eine IVT kontraindiziert ist oder
eine schnellere Intervention erforderlich ist, bietet die alleinige MT eine effektive
Alternative.  Zukiinftige Forschung sollte sich darauf konzentrieren, die
Langzeitergebnisse und die Auswirkungen auf die Lebensqualitat der Patienten weiter
zu beleuchten, um evidenzbasierte Empfehlungen fiir die Behandlung von

Schlaganfallen zu optimieren.
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4.2. Zweites Manuskript

Surgical vs. Conservative Management of Chronic Sciatica (>3 Months) due to Lumbar
Disc Herniation: A Systematic Review and Meta-Analysis

Hammed A, Al-Qiami A, Alsalhi H, Almansi A, Massoud M, Alzawahreh A, Hamouda A,
Tanislav C. Cureus. 2024 May 04;16(5):€59617. doi:10.7759/cureus.59617.

In den letzten Jahren hat die Entitat der chronischen Ischialgie infolge eines lumbalen
Bandscheibenhernie (LDH) an Bedeutung gewonnen. Diese Erkrankung beeintrachtigt
sowohl die korperliche als auch psychische Gesundheit der Patienten und beeinflusst
nachhaltig die Lebensqualitdt [11]. Besonders bei persistierenden Beschwerden tber
einen Zeitraum von mehr als drei Monaten sollten gezielte therapeutische MaRnahmen
eingeleitet werden. Diesbeziglich ist eine differenzierte Therapieentscheidung
notwendig [19]. Die vorliegende Arbeit untersucht in einer systematischen
Ubersichtsarbeit und Meta-Analyse, ob die chirurgische Mikrodiskektomie gegeniiber
einer konservativen Therapie klinische Vorteile in Bezug auf Schmerzreduktion und

Lebensqualitat bietet.

Konservative Therapie vs. Mikrodiscektomie: Effekte auf Schmerz und Lebensqualitdit

Unsere Analyse zeigte, dass die konservative Therapie starker zur Reduktion der in das
Bein ausstrahlenden Schmerzen beitrdagt (Standardisierte mittlere Differenz (SMD):
2,60; 95%-KI [0,02-5,18]; p = 0,05). Auch auf der psychopathologischen Ebene scheint
die konservative Therapie mehr Vorteile zu bieten (SF-36-Mental-Score: SMD:5,7; 95%-
Kl [1,02-10,37]; p = 0,02). Das gleiche Bild zeigte sich auf der Ebene der funktionalen
Gesundheit (physische Score des SF-36: SMD 0,96; 95%-KI [0,61-1,30]; p = 0,0001).
Hieraus ergibt sich ein klares Bild: In Bezug auf Lebensqualitdt und funktionale
Gesundheit zur Bewaltigung von Alltagsaktivitdten scheint die konservative Therapie
der chirurgischen Intervention nicht unterlegen zu sein, sondern stellt insbesondere in
den ersten Monaten der Behandlung eine gleichwertige oder sogar (berlegene
Alternative dar.

Im Gegensatz dazu war die chirurgische Mikrodiskektomie bei Riickenschmerzen

wirksamer (SMD: -3,82; 95%-Kl [-5,99 bis -1,66]; p = 0,0005). Die Entfernung von
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Bandscheibenmaterial und die damit einhergehende Druckentlastung zeigten sich
insbesondere bei therapieresistenten Fallen als sehr effektiv. Auch die
Sensitivitdtsanalyse unter Ausschluss der Aronsohn-Studie bestatigte die liberlegene
Wirksamkeit der chirurgischen MalRnahme (SMD -0,57; 95%-KI [-0,92 bis -0,22]; p =
0,001). Die Unterschiede im Behandlungserfolg lassen sich unter anderem durch die
zugrundeliegende Symptomatik erklaren. Radikuldre Beschwerden, die durch
Nervenwurzelreizungen entstehen, sprechen haufig gut auf konservative MaRRnahmen
wie Physiotherapie, Analgetika oder Infiltrationen an[20]. Hier sind insbesondere
physiotherapeutische MalRnahmen hervorzuheben, diese tragen hauptsachlich dazu bei
Fehlstellungen in der Koérperhaltung zu korrigieren, wodurch die Reizung des
Spinalnerven durch Verringerung des mechanischen Druckes reduziert wird, was dann
zu einer Linderung der Symptomatik fliihrt. Demgegentliber ist axialer Rlickenschmerz —
also Schmerz, der direkt in der Wirbelsdule entsteht, was durch bereits fixierte
pathologische Fehlstellungen hervorgerufen wird — oft therapieresistent gegentber
konservativen Verfahren und erfordert in vielen Fallen eine chirurgische Intervention,
etwa zur Dekompression oder Stabilisierung [19, 20]. Diese Differenzierung sollte bei

der Therapieentscheidung stets beriicksichtigt werden.

Klinische Bedeutung und individuelle Therapieplanung

Unsere Ergebnisse verdeutlichen, dass abhangig vom individuellen Beschwerdebild
beide Therapieformen — konservativ und chirurgisch — klinisch relevante Effekte erzielen
kénnen. Eine wesentliche Erkenntnis unserer Analyse unterstreicht die Notwendigkeit
Therapieentscheidungen individualisiert zu treffen, auf Basis differenzierter klinischer
Merkmale. Wahrend konservative Behandlungen bei primar radikularen Schmerzen
ohne neurologische Defizite sinnvoll erscheinen, sollte die operative Option
insbesondere dann erwogen werden, wenn lokalisierte Rickenschmerzen im
Vordergrund stehen.

Diese differenzierte Betrachtung wird auch durch friihere Studien gestiitzt. So zeigten
beispielsweise Peul et al. (2007) [21] in ihrer prospektiv-randomisierten Studie, dass
eine friihe mikrochirurgische Diskektomie zu einer rascheren Schmerzreduktion und

funktionellen Verbesserung fihrt, wahrend sich langfristig kein signifikanter Vorteil
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gegeniiber einer konservativen Therapie nachweisen lieR. Ahnliche Ergebnisse fanden
auch Bailey et al. (2016) [11], insbesondere hinsichtlich der Lebensqualitat und
Arbeitsfahigkeit.

Aktuelle Leitlinien, wie jene der Deutschen Gesellschaft fiir Neurochirurgie (DGNC) [22]
sowie der North American Spine Society (NASS) [23], empfehlen einen stufenweisen
Behandlungsansatz, bei dem zunachst konservative MaRnahmen (wie Schmerztherapie,
Physiotherapie und Verhaltensmodifikation) (iber mindestens sechs Wochen
angewendet werden sollen. Eine operative Intervention wird empfohlen, wenn
neurologische Defizite auftreten und/oder progredient sind, ein Cauda-equina-Syndrom
vorliegt (Notfallindikation), oder wenn trotz konsequenter konservativer Therapie eine
signifikante Beeintrachtigung der Lebensqualitat oder Arbeitsfahigkeit Gber mehr als
sechs bis zwolf Wochen besteht.

Unsere Ergebnisse stehen im Einklang mit den aktuellen Empfehlungen und bestatigen
diese. Insgesamt ergibt sich daraus ein individualisierter Therapieansatz, bei dem die
Entscheidung zwischen konservativer und operativer Behandlung unter
Berilicksichtigung der Symptomatik, Lokalisation der Schmerzen, Lebenssituation,
beruflichen Anforderungen und patientenbezogenen Praferenzen getroffen werden

sollte.

Sicherheit und Einflussfaktoren

Ein weiterer Aspekt unserer Analyse betrifft die Sicherheit beider Verfahren. In unserer
Analyse zeigten sich keine Hinweise auf eine erh6hte Komplikationsrate bei Anwendung
beider Verfahren. Auch in der Meta-Regressionsanalyse konnten keine Einfliisse der
Faktoren Alter, Geschlecht oder Body-Mass-Index (BMI) auf den Therapieerfolg
festgestellt werden [20]. Diese Beobachtung spricht fir beide Verfahren, diese sind
sicher und bei zweckmaBiger Anwendung bieten diese Vorteile flir den Patienten.
Demografische Parameter haben offenbar keinen relevanten Einfluss auf die Sicherheit
in der Anwendung beider Verfahren. Faktoren wie Berufstatigkeit, psychischer Stress
oder weitere Vorerkrankungen sind in der aktuellen Literatur weitgehend

unbericksichtigt geblieben, sodass diese Faktoren in unserer Diskussion nur indirekt
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adressiert werden kdnnen; bei der Planung zukiinftiger Studien zu diesem Thema sollten
diese Faktoren jedoch eine Rolle spielen [19-22]. Ebenso sollte die Rolle zentraler
Prozesse  wie  Sensibilisierungsmechanismen, wie sie bei  chronischen
Schmerzsyndromen diskutiert werden, in zukiinftigen Studien zu diesem Thema

berlicksichtigt werden.

Zeitfaktor in der Therapieentscheidung

Ein kritischer Punkt in der Therapieentscheidung ist der Zeitpunkt wann die jeweilige
Malnahme durchgefiihrt wird. Die Ergebnisse friiherer Studien — wie SPORT oder
Cochrane-Analysen — zeigen, dass eine friihe chirurgische Intervention unter
bestimmten Voraussetzungen Vorteile bringen kann [23,24]. Allerdings weisen diese
Studien auch darauf hin, dass nach langeren Beobachtungszeitrdumen die Unterschiede
zwischen den Therapieoptionen deutlich abnehmen. Unsere Arbeit bestatigt dieses Bild.
Wahrend die chirurgische Therapie schneller zur Beschwerdelinderung fuhrt, ist die
langfristige Lebensqualitdt bei konservativ behandelten Patienten vergleichbar gut.

Fiir die klinische Praxis bedeutet dies, dass die konservative Therapie initial in Betracht
gezogen werden sollte, solange keine neurologischen Ausfalle vorliegen. Eine Operation
ist insbesondere dann sinnvoll, wenn konservative MalBnahmen innerhalb eines
definierten Zeitraums — etwa 6 bis 12 Wochen — nicht zum gewtinschten Erfolg fiihren.
Dabei sollte auch die Wartezeit bis zur Operation berlicksichtigt werden, da eine zu

spate chirurgische Intervention mit einem schlechteren Outcome assoziiert sein kann.

Vergleich mit friiheren Studien und methodische Einordnung

Unsere Ergebnisse stehen im Einklang mit mehreren publizierten Studien [20-24]. Hier
ist die Arbeit von Weinstein et .al [24]. hervorzuheben; diese fand ebenfalls keinen
langfristigen Vorteil der Operation gegeniiber des konservativen Vorgehens.
Unterschiedliche Ergebnisse friiherer Arbeiten lassen sich methodisch erklaren, wie
beispielsweise durch unterschiedliche Studiendesigns, Patientenkollektive und

unterschiedliche Nachbeobachtungszeitraume. Einige dltere Studien haben deutlich
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kiirzere Beobachtungszeitrdume oder lieRen dariiber hinaus crossover-Bewegungen zu,

die insgesamt die Aussagekraft einschranken.

Ein methodischer Vorteil unserer Analyse liegt in der klaren Definition der Zielgruppe:
Eingeschlossen wurden ausschlieBlich Patientinnen und Patienten mit chronischer
Ischialgie (> 3 Monate) infolge von lumbalen Bandscheibenvorfalles im Bereich L3-S1.
Die ausschlieBliche Beriicksichtigung randomisiert-kontrollierter Studien (RCTs) mit klar
definierten Ein- und Ausschlusskriterien gewahrleistet eine hohe methodische Qualitat
der Datenbasis [25]. Dennoch stellt die begrenzte Anzahl verfligbarer Studien eine
Einschrankung dar, weshalb die Interpretation der Ergebnisse mit Zurlickhaltung
erfolgen sollte. Eine direkte Ubertragung auf die klinische Praxis ist daher nur unter

Beriicksichtigung dieser Limitationen maoglich.

Praktische Empfehlungen und Ausblick

Basierend auf den vorliegenden Daten kann folgende Empfehlung vorgenommen
werden: Die konservative Therapie sollte bei chronischer Ischialgie initial als
Behandlungsstandard etabliert bleiben. Sie ist sicher, effektiv und kostenglinstig. Erst
bei Versagen konservativer MaBnahmen oder Vorliegen neurologischer Ausfalle sollte
die chirurgische Mikrodiskektomie als wirksame Zweitlinienoption in Betracht gezogen
werden. Die Wahl der Therapie muss stets individuell unter Berlicksichtigung von
Symptombild, Dauer der Beschwerden, funktionellem Status und Patientenpraferenz
getroffen werden.

Ein weiterer wichtiger Punkt betrifft die Aufklarung der Patientinnen und Patienten. Die
Erwartungen an chirurgische Eingriffe sind haufig hoch, die Evidenz zeigt jedoch, dass
die Unterschiede im Langzeitverlauf geringer ausfallen als angenommen. Hier ist eine
realistische Darstellung der zu erwartenden Erfolge beider Therapieformen von
zentraler Bedeutung fir die gemeinsame Entscheidungsfindung (shared decision

making).

Zuklinftige Studien sollten sich auf die langfristigen Effekte beider Therapiestrategien
konzentrieren und dabei auch patientenzentrierte Outcomes wie Lebensqualitat,

funktionelle Erholung und Rickkehr in den Beruf beriicksichtigen. Multizentrische,
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prospektive Studien mit grofRerer Fallzahl und standardisierter konservativer Therapie
konnten dazu beitragen, offene Fragen zur optimalen Versorgungsstrategie bei

chronischer Ischialgie besser zu beantworten.

Zusammenfassung

Die vorliegende Meta-Analyse zeigt, dass sowohl konservative als auch chirurgische
Behandlungsstrategien bei chronischer Ischialgie infolge einer lumbalen
Bandscheibenherniation (LDH) valide, wirksame und sichere Behandlungen darstellen.
Die Wahl des geeigneten Vorgehens hangt maligeblich von der klinischen Symptomatik,
der Dauer und Schwere der Beschwerden sowie individuellen Faktoren ab.
Konservative Therapien — insbesondere Physiotherapie, Schmerzmedikation und
epidurale Infiltration — flihrten in der Analyse zu einer Reduktion der in das Bein
ausstrahlenden Schmerzen (radikuldre Schmerzen) sowie zu einer messbaren
Verbesserung der Lebensqualitat. Sie eignen sich vor allem fir Patienten ohne
neurologische Ausfille und mit Gberwiegend radikularer Symptomatik. Die chirurgische
Mikrodiscektomie hingegen erwies sich insbesondere bei therapieresistentem
Riickenschmerz als effektiv und bot eine raschere und nachhaltigere Linderung der
Beschwerden.

Im Langzeitverlauf zeigten sich hinsichtlich der funktionellen Ergebnisse keine
relevanten Unterschiede zwischen den beiden Ansatzen. Dies unterstreicht die
Bedeutung einer sorgfaltigen Indikationsstellung und der individualisierten Auswahl des
Therapieweges. Zudem war keine der untersuchten demografischen Variablen pradiktiv
fiir den Therapieerfolg.

Fir die klinische Praxis ergibt sich folgende Empfehlung: Die konservative Behandlung
sollte initial bevorzugt werden. Bei fehlendem Ansprechen oder neurologischer
Verschlechterung ist eine chirurgische Intervention gerechtfertigt und
erfolgversprechend. Entscheidend ist ein interdisziplindrer Behandlungsansatz unter
Einbezug des Patienten im Rahmen einer gemeinsamen Entscheidungsfindung.
Zuklinftige Forschung sollte patientenzentrierte Parameter wie Lebensqualitat,
Arbeitsfahigkeit und psychosoziale Belastung starker in den Fokus ricken, um die

Therapieentscheidung weiter zu differenzieren und zu optimieren.

91



92



4.3. Drittes Manuskript

Vergleich der praventiven neurochirurgischen Clipping- versus endovaskuldren
Coiling-Therapie bei unrupturierten intrakraniellen Aneurysmen: Eine systematische
Ubersichtsarbeit und Meta-Analyse

Hammed A, Al-Qiami A, Alomari O, Otmani Z, Hammed S, Sarhan K, Derhab M, Hamouda
A, Rosenbauer J, Kostev K, Richter G, Braun V, Tanislav C.; Neurol Sci. 2025 Jan 30. doi:
10.1007/s10072-024-07963-1. Epub ahead of print. PMID: 39883353.

Einleitung und Zielsetzung

In den letzten Jahren hat sich die Behandlung unrupturierter intrakranieller Aneurysmen
(UlAs) stetig weiterentwickelt. Zwei zentrale Verfahren konkurrieren dabei miteinander:
das neurochirurgische Clipping und das endovaskulare Coiling. Beide Therapiestrategien
verfolgen das Ziel, Aneurysmen sicher zu verschlieBen und eine Subarachnoidalblutung
(SAB) zu verhindern [27,28]. Aufgrund unterschiedlicher Evidenzlagen und regional
variierender Praxisgewohnheiten bleibt jedoch die Frage nach der (iberlegenen
Methode weiterhin Gegenstand der wissenschaftlichen Diskussion. Ziel unserer Meta-
Analyse war es daher, das Clipping und Coiling hinsichtlich ihrer Wirksamkeit und

Sicherheit systematisch zu vergleichen.

Kurzfristige Aneurysmaokklusion: Clipping zeigt Vorteile

Unsere Analyse zeigt, dass das Clipping im Vergleich zum Coiling haufiger eine
vollstandige Aneurysmaokklusion innerhalb der ersten sechs Monaten zur Folge hat (RR
=0,83; 95%-KI [0,75-0,91]; p = 0,0001). Dieser Befund wurde sowohl in prospektiven als
auch retrospektiven Studien wiederholt beobachtet. Dies korreliert unmittelbar mit
einem geringen Risiko eine Blutung in der Folge zu erleiden und bildet damit die
Grundlage fir einen wichtigen prognostischen Parameter. Im Gegensatz dazu zeigt das
Coiling eine geringere Okklusionsrate in der Frihphase. Daraus ergibt sich die
Notwendigkeit, dass Patienten, die sich einem Coiling unterziehen in der Nachsorge

enger Uberwacht werden miissen.
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Langfristige Aneurysma-Kontrolle: Ahnlicher Effekt beider Verfahren

Obwohl das Clipping kurzfristig im Vorteil ist, nivellieren sich die Unterschiede in der
Langzeitbetrachtung. Im Follow-up Uber 12 Monate hinaus zeigte sich kein relevanter
Unterschied in der Okklusionsrate (RR = 0,90; 95%-KI [0,63-1,30]; p = 0,57). Diese
Beobachtung bestatigt, dass das Coiling langfristig eine vergleichbare Effektivitat
erreichen kann, vorausgesetzt, es erfolgt eine engmaschige radiologische Kontrolle und

gegebenenfalls eine zeitnahe Nachbehandlung.

Mortalitéit und funktionelle Ergebnisse: Coiling im Vorteil

Ein entscheidender Vorteil der Coiling-Therapie zeigte sich bei der 30-Tage-Mortalitat.
Diese war in der Coiling-Gruppe deutlich niedriger (RR = 0,56; 95%-KI [0,48-0,66]; p =
0,00001). Auch hinsichtlich der Erholung funktioneller Fahigkeiten, gemessen am
modifizierten Rankin Score (mRS > 2), war das Coiling mit besseren Ergebnissen
assoziiert (RR = 0,73; 95%-KI [0,55-0,97]; p = 0,03). Diese Ergebnisse lassen sich mit der
geringeren Invasivitdt des Coiling-Verfahrens und die daraus resultierende kirzere
Rekonvaleszenz erklaren. Die Ergebnisse dieser Meta-Analyse legen nahe, dass
Patienten, die mittels Coiling behandelt werden, eine bessere Aussicht zur schnellerer
Rickkehr in den Alltag haben, was dann auch mit einer besseren Lebensqualitat

einhergeht.

Sicherheitsprofil: Coiling mit geringeren Komplikationsraten

Das Coiling war mit einem geringeren Risiko fiir prozedurale Komplikationen (RR = 0,54;
95%-KI [0,38—0,78]; p < 0,0009) sowie fiir zerebrale Ischamien (RR = 0,73; 95%-KI [0,53—
0,99]; p = 0,05) assoziiert. Auch das Risiko fiir intraoperative Blutungen war beim
Clipping héher (RR = 0,52; 95%-KI [0,35-0,78]; p = 0,002). Diese Befunde unterstreichen
die geringere Belastung durch das Coiling-Verfahren, das insbesondere bei alteren und
multimorbiden Patienten eine wichtige Rolle spielt. Die geringere Komplikationsrate ist
daher ein bedeutendes Argument fiir die Wahl des Coilings bei vulnerablen gefdhrdeten

Patientengruppen.
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Retreatment-Raten: Clipping langfristig stabiler

Ein Nachteil des Coilings zeigte sich in der erhéhten Rate an Reinterventionen. Die
Retreatment-Rate war in der Coiling-Gruppe deutlich erhéht (RR = 3,46; 95%-KI [1,21-
9,86]; p = 0,02). Besonders in prospektiven Studien trat dieser Unterschied deutlich
hervor. Diese Beobachtung belegt dadurch die Notwendigkeit einer sorgfaltigen
Patientenselektion und einer strukturierten Nachsorge beim endovaskuldren Vorgehen.
Fir junge Patienten mit einer langen Lebenserwartung konnte Clipping daher trotz

hoherer initialer Belastung eine langfristig bessere Option darstellen.

Verweildauer im Krankenhaus: Vorteil fiir Coiling

Die durchschnittliche stationare Aufenthaltsdauer war beim Clipping deutlich langer
(MD = 4,36 Tage; 95%-KI [2,96-5,77]; p = 0,0001). Dieser Unterschied resultiert aus dem
invasiven Charakter des neurochirurgischen Eingriffs und dem héheren postoperativen
Erholungsbedarf. Das Coiling hingegen ermdoglicht eine schnellere Mobilisation und
frihere Entlassung aus der Klinik. Dies kann auch aus gesundheitsékonomischer
Perspektive von Relevanz sein, insbesondere im Hinblick auf Ressourcenbindung und

Behandlungskosten.

Vergleich mit existierender Literatur

Die Ergebnisse unserer Analyse stehen in Ubereinstimmung mit den Studien von Hwang
et al., Kang et al. und Shen et al., die ebenfalls einen kurzfristigen Vorteil firr das Clipping
und eine insgesamt bessere Vertraglichkeit des Coilings beschrieben haben [27-29].
Unterschiede in der Methodik, Patientenauswahl und regionale
Behandlungsalgorithmen konnen teilweise die Heterogenitat der Ergebnisse erklaren.
Zudem legen aktuelle Studien nahe, dass technologische Fortschritte im Coiling (z. B.

Stent-assistiertes Coiling) das Outcome weiter verbessern kdnnten.
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Klinische Implikationen und Therapiewahl

Beide Verfahren — Clipping und Coiling — sind effektive und sichere Strategien zur
Behandlung von UlAs. Clipping bietet eine hohe initiale Okklusionsrate, geht jedoch mit
hoherer prozeduraler Morbiditdt und verlangerten Krankenhausaufenthalten einher
[27-29]. Das Coiling hingegen ermdoglicht eine schnellere Erholung, ist mit geringeren
Komplikationsraten assoziiert, weist jedoch eine hdhere Rate an Reinterventionen auf.
Die Wahl der Therapie sollte daher individualisiert erfolgen und Faktoren wie Alter,
Komorbiditaten, Lokalisation und Morphologie des Aneurysmas sowie die Expertise des
behandelnden Zentrums bericksichtigen. Ein interdisziplinarer Ansatz, unter Einbezug
der Neurochirurgie und der interventionellen Neuroradiologie, erscheint essenziell, um

patientenzentrierte Entscheidungen zu treffen.

Ausblick und Forschungsperspektiven

Zuklnftige Studien sollten prospektiv, multizentrisch und mit langeren Follow-up-
Zeitraumen konzipiert werden. Neben klinischen Endpunkten sollten auch
patientenrelevante Parameter wie Lebensqualitdt, neurokognitive Funktionen und
gesundheitsékonomische Aspekte untersucht werden. Der Einbezug moderner
Bildgebungsverfahren und biometrischer Pradiktoren kann zudem zur Prazisierung der
Indikationsstellung beitragen. Dariliber hinaus ist die Entwicklung individualisierter
Therapiealgorithmen notwendig, um die jeweils optimale Behandlungsoption fir
unterschiedliche Patientengruppen besser definieren zu kénnen. Auch die Rolle neuer
Materialien und Techniken (z. B. Flow-Diverter) sollte in weiteren Analysen betrachtet

werden [30,31].

Zusammenfassung

Die vorliegende Meta-Analyse liefert einen umfassenden Uberblick Giber die Vor- und
Nachteile der beiden wichtigsten Behandlungsmodalitidten bei unrupturierten

intrakraniellen Aneurysmen. Das Clipping Gberzeugt insbesondere in dem kurzfristigen
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Ausschalten des Aneurysmas mit hoheren Okklusionsraten und geringerer
Notwendigkeit weiterer Eingriffe. Dieser Vorteil wird jedoch durch ein erhohtes Risiko
far prozedurale Komplikationen, zerebrale Ischdamien und langere
Krankenhausaufenthalte relativiert. Das Coiling hingegen bietet ein glinstigeres
Sicherheitsprofil, ermoglicht eine schnellere Genesung und zeigt insgesamt bessere
funktionelle Ergebnisse, allerdings bei erhéhter Wahrscheinlichkeit einer erneuten
Behandlung.

Die Wahl des geeigneten Verfahrens kann nicht pauschal getroffen werden, sondern
muss individuell unter Einbeziehung zahlreicher Parameter wie Aneurysmalokalisation,
-grofle, -morphologie, Patientenalter, Komorbiditdten und Praferenzen erfolgen.
Kliniker sollten stets interdisziplindar vorgehen und sowohl die medizinischen als auch
psychosozialen Gegebenheiten ihrer Patienten berlicksichtigen.

In der klinischen Praxis stellt das Coiling eine bevorzugte Therapieoption bei alteren,
multimorbiden oder risikobehafteten Patienten dar, wahrend das Clipping insbesondere
bei jungen Patienten mit komplexer Aneurysmamorphologie Berlicksichtigung findet.
Insgesamt liefern unsere Ergebnisse eine fundierte Entscheidungsgrundlage fiir die
Wahl des geeigneten Verfahrens bei UIAs und betonen gleichzeitig die Bedeutung einer
individualisierten, patientenzentrierten Therapieplanung. Die kontinuierliche Evaluation
neuer Techniken und Materialien sowie der Einbezug von Langzeitdaten werden

entscheidend sein, um zukinftige Leitlinien evidenzbasiert weiterzuentwickeln.
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5. Zusammenfassung

Zusammenfassung (Deutsch)

Diese kumulative Dissertation basiert auf drei systematischen Ubersichtsarbeiten und
Meta-Analysen, die sich mit der Wirksamkeit, Sicherheit und den klinischen
Auswirkungen unterschiedlicher Therapieverfahren zur Behandlung von neurologischen
und neurovaskularen Erkrankung befassen. Ziel war es, eine evidenzbasierte Grundlage
fir die individualisierte Therapieentscheidung in komplexen neuroklinischen Szenarien
zu verfeinern.

Im ersten Teil wurde der Nutzen der sogenannten Bridging-Therapie — also die
Kombination aus intravendser Thrombolyse (IVT) und mechanischer Thrombektomie
(MT) —im Vergleich zur alleinigen MT bei akutem ischamischem Schlaganfall untersucht.
Die Bridging-Therapie fuhrte zu einer signifikant besseren neurologischen Erholung in
der Frihphase (gemessen am NIHSS-Score) sowie zu hoheren Reperfusionsraten der
betroffenen Hirnareale. Diese Vorteile schlugen sich jedoch nicht in einer verbesserten
funktionellen Langzeitprognose (mRS nach 90 Tagen) nieder. Das Risiko einer
symptomatischen intrakraniellen Blutung war in beiden Gruppen vergleichbar.

Im zweiten Teil wurde die Effektivitdit konservativer versus chirurgischer
Behandlungsmethoden bei der chronischen Ischialgie infolge einer lumbalen
Bandscheibenherniation analysiert. Konservative Verfahren wie Physiotherapie und
Schmerztherapie verbesserten signifikant die in das Bein ausstrahlende Schmerzen
(radikulare Schmerzen) sowie die Lebensqualitat. Die chirurgische Mikrodiskektomie
zeigte jedoch insbesondere bei therapieresistenten Riickenschmerzen eine lberlegene
Wirksamkeit. Beide Ansdtze gelten als sicher, wobei die Therapieentscheidung
individualisiert auf Grundlage der Symptomkonstellation und Patientenpraferenzen
getroffen werden sollte.

Der dritte Teil dieser Dissertation widmet sich dem Vergleich zwischen dem
Therapieverfahren des neurochirurgischen Clippings und des endovaskuldren Coilings
bei unrupturierten intrakraniellen Aneurysmen. Wahrend das Clipping haufiger zu einer
vollstandigen Aneurysmaokklusion fiihrt, ist es mit einer hoheren Rate an prozeduralen

Komplikationen und einer langeren Krankenhausverweildauer verbunden. Das Coiling
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dagegen bietet den Vorteil geringerer perioperativer Komplikationen und ein
glnstigerer funktioneller Outcome, jedoch unter Inkaufnahme einer notwendigen
Wiederholung der Behandlung.

Insgesamt betonen die Ergebnisse die Notwendigkeit einer patientenzentrierten,
differenzierten Therapieplanung. Die Wahl der optimalen Behandlung sollte stets
interdisziplinar getroffen werden und individuelle Risikoprofile sowie langfristige

Outcome-Ziele berticksichtigen.
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Summary (English)

This cumulative dissertation comprises three systematic reviews and meta-analyses that
investigate the effectiveness, safety, and clinical implications of neurovascular and
spinal treatment strategies. The overarching goal was to establish an evidence-based
framework for individualized clinical decision-making in complex neurological care.

The first part examined bridging therapy—defined as the combination of intravenous
thrombolysis (IVT) and mechanical thrombectomy (MT)—compared to MT alone in
acute ischemic stroke. Bridging therapy resulted in significantly improved early
neurological recovery (as measured by the NIHSS score) and higher reperfusion rates.
However, these early benefits did not translate into superior long-term functional
outcomes, as measured by the modified Rankin Scale (mRS) at 90 days. The risk of
symptomatic intracranial hemorrhage was comparable between both treatment groups.
The second part focused on the comparison of conservative versus surgical treatment
approaches for chronic sciatica due to lumbar disc herniation. Conservative strategies
such as physiotherapy and pain management led to reductions in leg pain and
improvements in quality of life. However, surgical microdiscectomy demonstrated
superior efficacy, particularly in patients with persistent back pain unresponsive to
conservative measures. Both approaches were found to be safe, and treatment should
be personalized based on symptom patterns and patient preferences.

The third part assessed neurosurgical clipping versus endovascular coiling for
unruptured intracranial aneurysms. While clipping more frequently achieved complete
aneurysm occlusion, it was associated with higher rates of procedural complications and
longer hospital stays. Coiling, on the other hand, offered better functional outcomes and
fewer perioperative risks but carried a higher retreatment rate.

Taken together, the findings underscore the importance of individualized, patient-
centered treatment planning. Optimal therapy selection should be guided by
interdisciplinary collaboration, anatomical and clinical considerations, and long-term

patient outcomes.
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