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1. Wykaz publikacji bedacych przedmiotem rozprawy doktorskiej

Cele pracy zostaly zrealizowane poprzez cykl pieciu spojnych tematycznie artykutow
naukowych opublikowanych w latach 2020-2022, w tym trzech pelnych metaanaliz
(publikacje 1, 3 1 4) oraz dwodch pelnych prac oryginalnych (publikacje 2 i 5). Cykl
zatytulowany jest ‘Wyniki leczenia dyslokacji w obrebie ztgcza krggowo-podstawnego

przy uzyciu stabilizacji przeznasadowe;j’.

1. Klepinowski T, Pala B, Cembik J, Sagan L (2020) Prevalence of high-riding
vertebral artery: a meta-analysis of the anatomical variant affecting choice of
craniocervical fusion method and its outcome. World Neurosurg. 143:e474—e481;
https://doi.org/10.1016/j.wneu.2020.07.182
Impact Factor = 2,104; Punktacja Ministerstwa Edukacji i Nauki = 70 pkt

2. Klepinowski T, Zytka N, Pala B, Poncyljusz W, Sagan L (2021) Prevalence of high-
riding vertebral arteries and narrow C2 pedicles among Central-European
population: a computed tomography-based study. Neurosurg Rev. 44(6):3277-
3282; https://doi.org/10.1007/s10143-021-01493-6
Impact Factor = 2,800; Punktacja Ministerstwa Edukacji i Nauki = 100 pkt

3. Klepinowski T, Cembik J, Sagan L (2020) Risk of the high-riding variant of
vertebral arteries at C2 is increased over twofold in rheumatoid arthritis: a
meta-analysis. Neurosurg Rev. 44(4):2041-2046; https://doi.org/10.1007/s10143-
020-01425-w
Impact Factor = 2,800; Punktacja Ministerstwa Edukacji i Nauki = 100 pkt

4. Klepinowski, T, Limanowka, B & Sagan, L (2021) Management of post-traumatic
craniovertebral junction dislocation: A PRISMA-compliant systematic review
and meta-analysis of case reports. Neurosurg Rev. 44(3):1391-1400;
https://doi.org/10.1007/s10143-020-01366-4
Impact Factor = 2,800; Punktacja Ministerstwa Edukacji i Nauki = 100 pkt

5. Klepinowski T, Sagan L (2022) EQ-5D health-related quality of life questionnaire
in craniovertebral instability treated with posterior fixation with or without
occipital plating: a comparative study with matched datasets. J Craniovert Jun
Spine 2022;13(1):72-9. https://doi.org/10.4103/jcvjs.jcvjs_125 21
Punktacja Ministerstwa Edukacji i Nauki = 70 pkt

Sumaryczny wspdtczynnik Impact Factor wymienionych publikacji: 10,504

Sumaryczna punktacja Ministerstwa Edukacji i Nauki wymienionych publikacji: 440
pkt


https://doi.org/10.1016/j.wneu.2020.07.182
https://doi.org/10.1007/s10143-021-01493-6
https://doi.org/10.1007/s10143-020-01425-w
https://doi.org/10.1007/s10143-020-01425-w
https://doi.org/10.1007/s10143-020-01366-4
https://doi.org/10.4103/jcvjs.jcvjs_125_21

2. Stosowane skroty
95% CI — 95% confidence interval (95% przedziat ufnosci)
AAD - atlantoaxial dislocation (dyslokacja szczytowo-obrotowa)
AOD - atlantooccipital dislocation (dyslokacja szczytowo-potyliczna)
AQUA — Anatomical Quality Assessment
ASIA — American Spinal Cord Injury
BAI — basion-axial interval (odcinek basion-obrotnik)
BDI — basion-dens interval (odcinek basion-zab)
C2InH — C2 internal height (wysoko$¢ wewngtrzna krggu C2)
C2IsH — C2 isthmus height (wysokos¢ ciesni krggu C2)
C2P — C2 pedicle (nasada kregu C2)
CCI — craniocervical instability (niestabilno$¢ ztacza kregowo-podstawnego)
CCJ — craniocervical junction (ztacze krggowo-podstawne)
CT — computed tomography (tomografia komputerowa)
CVJ — craniovertebral junction (ztacze kregowo-podstawne)
EQ-5D — EuroQol-5 Dimensions

EQ-5D-3L — 3-level version of EuroQol-5 Dimensions (3-poziomowa wersja EuroQol-5

Dimensions)

HRQoL — health-related quality of life (jako$¢ zycia zwigzana ze zdrowiem)
HRVA — high-riding vertebral artery (wysoko biegngca tetnica kregowa)
IQR — interquartile range (przedzial miedzykwartylowy)

mJOA — modified Japanese Orthopaedic Association

MOOSE - Meta-analyses of Observational Studies

NDI — Neck Disability Index

NP — narrow pedicle of C2 (waska nasada krggu C2)
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NOS — Newcastle-Ottawa scale (skala Newcastle-Ottawa)

PRISMA - Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RA — rheumatoid arthritis (reumatoidalne zapalenie stawdw)

rCCI — revised C1-condyle interval (zrewidowany odcinek C1-ktykie¢)

RR — relative risk / risk ratio (ryzyko wzgledne)

SD - standard deviation (odchylenie standardowe)

VA — vertebral artery (tgtnica kregowa)



3. Wstep

ZYacze krggowo-podstawne traktowane jest jako biomechaniczna cato$¢ sktadajaca si¢ z
kregu obrotowego, kregu szczytowego oraz powierzchni podstawnej kosci potylicznej
wraz z klykciami potylicznymi, ktore razem tworzg nastepujace stawy: parzysty
szczytowo-potyliczny i nieparzysty, bo potrdjny, szczytowo-obrotowy! (Rycina 1). Staw
szczytowo-potyliczny uwazany jest za najstabilniejszy ze stawow dzigki mocujgcemu go
aparatowi wiezadlowemu, za§ staw szczytowo-obrotowy za obdarzony najwigksza
ruchomoscigh?. Ruchomos$é tego drugiego sprawia jednak, ze jest on duzo bardziej
podatny na niestabilno$é!. Dlatego tez zdecydowana wiekszo$é niestabilnosci zlacza
kregowo-podstawnego wynika z zaburzen w obrgbie stawu szczytowo-obrotowego, nie
za$ szczytowo-potylicznego!®#. Pojecia dyslokacji i niestabilnosci w odniesieniu do

ztacza kregowo-podstawnego w literaturze anglosaskiej stosowane sg zamiennie®,

Niestabilno$¢ w obrgbie ztacza kregowo-podstawnego jest zjawiskiem wysoce
niebezpiecznym. Ze wzgledu na sgsiedztwo krytycznych struktur naczyniowo-
nerwowych moze si¢ wigza¢ z groznym krwotokiem, naglym zatrzymaniem krazenia lub
cigzkimi ubytkami neurologicznymi. Jedng z tych istotnych struktur jest tetnica kregowa
(VA), a $cislej jej koncowy odcinek V2, caty odcinek V3 oraz poczatkowy odcinek V4.
Uszkodzenie VA moze wigza¢ si¢ z niedokrwieniem w obrgbie rdzenia przedtuzonego i
moézdzku, co niesie ryzyko powaznych zaburzen neurologicznych, takich jaki zespot
boczny opuszki (zespot Wallenberga)®, zespét podopuszkowy Opalskiego’, zespot
Babinskiego-Nageotte’a®, zespot Reinholda (ang. hemimedullary Reinhold’s syndrome)?,

E 2.

Rycina 1 Model przedstawiajgcy ztgcze kregowo-podstawne. A - widok z przodu. B - widok z
tytu. C - widok z boku od strony prawej. Zrodto wiasne.



czy zespot Cestan-Chenais®. Uszkodzenie okolicy ztacza opuszkowo-rdzeniowego moze
prowadzi¢ bezposrednio do zgonu w wyniku przerwania witokien z o$rodkow
pneumotaksycznego 1 apneustycznego. W innych przypadkach moze dojs¢ do
niedowladow czterokonczynowych, porazenia rotacyjnego (gdy ostabienie sily
migsniowej postepuje w kolejnosci: tozstronna konczyna gorna, tozstronna konczyna
dolna, przeciwstronna konczyna dolna, przeciwstronna konczyna goérna) lub porazenia
krzyzowego Bella (ang. Bell’s cruciate paralysis;, gdy uszkodzenie w obrgbie styku
szyjno-opuszkowego prowadzi do porazenia sity migsniowej w konczynach gornych ze
wzglednym nienaruszeniem sity mie$niowej konczyn dolnych)!®!l. Czes¢ przypadkow
przebiega skapoobjawowo lub zupelnie bez objawow. Niemniej jednak i w tych
sytuacjach niestabilno$¢ moze wymaga¢ zaopatrzenia, gdyz istnieje niebezpieczenstwo
dekompensacji z nagtym uciskiem struktur naczyniowo-nerwowych i pojawieniem si¢
nieodwracalnych deficytow neurologicznych. Sposrdd przyczyn niestabilnos$ci ztgcza
kregowo-podstawnego nalezy wymieni¢ urazy (mig¢dzy innymi wypadki komunikacyjne,
upadki, pobicia), guzy nowotworowe niszczace wigzadla i torebki stawowe w obrebie
zkgcza, choroby reumatologiczne takie jak reumatoidalne zapalenie stawow lub
luszczycowe zapalenie stawow, choroby infekcyjne (zespdt Grisela), czy wrodzone

malformacje w obrebie ztgcza (os odontoideum).

Leczenie niestabilnos$ci zlagcza kregowo-podstawnego moze by¢ zachowawcze lub
operacyjne. Na leczenie zachowawcze sktada si¢ korzystanie z kolnierza ortopedycznego
lub ortezy czaszkowej (na przyktad typu Halo) z ewentualnym stosowaniem wyciggu.
Aktualne trendy $wiatowe wskazuja na korzys$ci pltynace z wczesnej stabilizacji
wewnetrznej pozwalajacej na szybkie uruchamianie i rehabilitacje pacjental?®. Opcje
leczenia operacyjnego na przestrzeni lat zmieniaty si¢ kilkukrotnie. Aktualnie
dominujaca metoda jest stabilizacja Goela-Harmsa przez masy boczne C1 i przez nasady
C2 (Rycina 2). Przyblizone katy trajektorii $rub przez masy boczne kregu C1 to 17°
przysrodkowo i 22° doglowowo, natomiast dla $rub przez nasady C2 to 20-30°
przysrodkowo i 25° doglowowo!*. Termin stabilizacja przeznasadowa (ang.
transpedicular fixation) przyjat si¢ w naukowej literaturze anglosaskiej w odniesieniu do
stawu szczytowo-obrotowego, choc teoretycznie nie odzwierciedla on w petni przebiegu
wkrecanych $rub, gdyz anatomicznie kreg C1 nie posiada nasad™’. Luk przedni i tylny
kregu szczytowego potaczone sa czeSciami bocznymi, zwanymi réwnieZ masami

bocznymi. W trakcie stabilizacji przeznasadowej szczytowo-obrotowej sruby w kreg C1



wprowadza si¢ wigc przez jego masy boczne. Z kolei w krggu C2 §ruby prowadzone sa

przez nasady jego tuku i tutaj okreslenie ‘przeznasadowe’ jest w petni zasadne.

- -y

r

Rycina 2 Zdjecie RTG w projekcji bocznej (A), przednio-tylnej z otwartymi ustami (B)
oraz rekonstrukcja trojwymiarowa tomografii komputerowej (C) ukazujgce stan po
stabilizacji szczytowo-obrotowej metodg Goela-Harmsa. Zrédto wlasne.



Wyniki leczenia niestabilno$ci w obrebie ztgcza kregowo-podstawnego stabilizacja przez
nasady C2 mozna rozpatrywaé w aspektach klinicznym (stan neurologiczny, jako$¢ zycia
zwigzana ze zdrowiem) i radiologicznym (potozenie $§rub w stosunku do VA na co
wpltywa obecno$¢ wariantow VA), ktére mimo rozrdznienia sg integralnie ze sobg
zwigzane. Podzialu mozna tez dokona¢ na podstawie czasu oceny wynikow: wczesne
(bezposrednio w okresie okotooperacyjnym, w trakcie hospitalizacji) i odlegte (na

wizycie kontrolnej).

Bardzo istotnym aspektem stabilizacji ztacza krggowo-podstawnego jest prowadzenie
elementow konstrukcji stabilizujacej w bezposredniej bliskosci tetnic kregowych, stad
kluczowe jest zachowanie ich w stanie nienaruszonym, bez jatrogennego ich
uszkodzenia. Wprowadzenie $ruby do otworu wyrostka poprzecznego kregu C2, w
ktérym biegnie tetnica kregowa, wigze si¢ z ryzykiem dramatycznego pogorszenia stanu
klinicznego pacjenta, $rodoperacyjnej dekompensacji hemodynamicznej i mozliwych
cigzkich powiktan neurologicznych, gdyz tetnica ta zaopatruje w krew miedzy innymi
struktury tylnej jamy czaszki — rdzen przedtuzony i mézdzek. Tym bardziej jest to grozne,
jesli dojdzie do uszkodzenia po stronie dominujacej lub jedynej prawidlowo rozwinietej
tetnicy kregowej w przypadku jednostronnej hipoplazji lub aplazji tego naczynia'®.
Ryzyko naruszenia jego ciaglosci jest istotnie wyzsze w sytuacji wariantu anatomicznego
zwanego Wysoko biegnaca tetnica kregowa (HRVA)®. Do czynienia z tym wariantem
mamy w przypadku, gdy wysokos¢ ciesni kregu C2 wynosi < 5 mm 1/lub wysokos¢
wewnetrzna od otworu wyrostka poprzecznego do powierzchni stawowej gornej C2
wynosi < 2 mm mierzone na przekroju strzatkowym zrekonstruowanym 3 mm do boku
od bocznej granicy kanatu kregowego?® (Rycina 3). Dotychczas czestosé wystepowania
tego wariantu pozostawala przedmiotem kontrowersji, ze znacznymi rozbieznosciami w
literaturze $wiatowej?®>°. Istnieja tez pojedyncze doniesienia, ze reumatoidalne zapalenie
stawow (RA) moze by¢ czynnikiem ryzyka dla nabytej postaci HRVA, co moze by¢ 0
tyle istotne, ze jednym z powiktan RA bywa objecie procesem zapalnym stawu C1-C2 i
jego niestabilno$¢é wymagajaca instrumentacji przeznasadowej*®. W literaturze do tej
pory brakowalo jednak metaanalizy, ktora w sposob systematyczny zebrataby dostgpne
dane i poddata statystycznej analizie, wyznaczajac globalng i regionalng czgstos$¢
wystepowania HRVA wraz z 95% przedzialami ufno$ci (95% CI). Brakowato réwniez
opracowania wyznaczajacego ryzyko wzgledne (RR) wystgpienia HRVA dla os6b z RA

w porownaniu do os6b bez RA. Przeprowadzenie takich metaanaliz ze wszystkich



dostepnych danych dostarczy istotnych epidemiologicznie informacji, zwigkszy
swiadomo$¢ dotyczaca ztozonosci przedoperacyjnego planowania operacji zlacza
kregowo-podstawnego, ukaze rzeczywista skalg ryzyka i przyczyni si¢ do poprawy
bezpieczenstwa $rodoperacyjnego polepszajac  bezposrednie (wczesne) wyniki
stabilizacji przeznasadowej. Metaanalizy te moga tez postuzy¢ do zaproponowania
algorytmu postepowania klinicznego w przypadku obecnosci HRVA po stronie

dominujacej lub niedominujace;.

W literaturze mozna dostrzec rowniez deficyt informacji z zakresu postepowania i
wynikéw w leczeniu pourazowej niestabilno$ci ztgcza kregowo-podstawnego. Moze to
wynika¢ z faktu, ze szczytowo-potyliczne i szczytowo-obrotowe przemieszczenia po
urazie cechujg si¢ wysoka $miertelnoécig®’. Aktualnie w dobie znacznego postepu
resuscytacji przedszpitalnej coraz wigcej chorych przezywa do czasu wykonania badan
obrazowych i kwalifikacji do zabiegu neurochirurgicznego. Zidentyfikowana luka
informacyjna w medycznej literaturze w zakresie wynikow leczenie podgrupy
pourazowej jest tym bardziej istotna, iz zaczegly pojawia¢ si¢ doniesienia o braku
koniecznosci wigczania koéci potylicznej do stabilizacji, a nawet jego szkodliwosci®.

Dlatego uzasadnionym wydaje si¢ przeprowadzenie przegladu systematycznego z

C1

Rycina 3 Zobrazowanie parametrow
wykorzystywanych do zdefiniowania wysoko
biegngcej tetnicy kregowej. Przekroj strzatkowy
przez staw szczytowo-obrotowy w punkcie 3 mm
dobocznie od bocznego brzegu kanatu kregowego.
VA - tetnica kregowa. Linia z dwoma grotami -
wysokos¢ wewnetrzna. Linia - wysokos¢ ciesni. Cl
— kreg szczytowy. C2 — kreg obrotowy. Zrédio
wlasne.
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metaanaliza dostgpnych przypadkéw klinicznych pacjentow z  pourazowym
przemieszczeniem w obrebie zlgcza szyjno-potylicznego. Metaanaliza przypadkow
klinicznych, cho¢ obarczona wigkszym ryzykiem btedu systematycznego (ang. risk of
bias), to jest jedynym rozwigzaniem dla schorzen rzadkich, ktore doktadnie raportowane
w literaturze sa jedynie w matych seriach i czgstokro¢ majg zero przypadkéw w jednym
z dwdch ramion badania (tj. w probie badanej lub kontrolnej). Co wigcej, jak pokazuja
badania z 2018 roku przeprowadzone przez Sampayo-Cordero i wspotpracownikow,
odpowiednio przeprowadzona metaanaliza przypadkéw klinicznych w tychze rzadkich
jednostkach cechuje si¢ stosunkowo duza doktadnos$cig i zgodno$cia w poréwnaniu z

metaanalizami wiekszych badan klinicznych®,

Odlegte wyniki natomiast w duzej mierze sa zwiazane z jako$cig zycia pacjentow.
Aktualnie bardzo niewiele jest danych w literaturze na temat jakos$ci zycia zwigzanej ze
zdrowiem (HRQoL) chorych po stabilizacji ztacza kregowo-podstawnego z dostepu
tylnego. Szeroko stosowanym kwestionariuszem do oceny HRQoL w chirurgii
kregostupa jest EuroQol-5 Dimensions (EQ-5D), ktory ocenia pigé domen: (1) zdolnos¢
poruszania si¢, (2) samoobstuga, (3) zwykte czynnosci, (4) b6l / dyskomfort, (5) niepokoj
/ przygngbienie. Wynik zapisany w postaci pigciocyfrowego kodu jest latwy do
przeksztalcenia w wymierny parametr - uzyteczno$¢, ktora zasadniczo przyjmuje
warto$ci od +1 (idealna jako$¢) do 0 ($mierc), cho¢ stosowane sg rowniez wartosci
ujemne (do —0,523) rozumiane jako jako$é zdrowia gorsza niz $mieré¢**. EQ-5D ocenia
takze na skali wizualnej ogdlng jako$¢ zycia zwigzang ze zdrowiem od O (najgorszy
wyobrazalny stan zdrowia) do 100 (najlepszy wyobrazalny stan zdrowia). Z uwagi na
fakt, iz aktualnie w literaturze kwestionowana jest konieczno$¢ dotaczania potylicy do

stabilizacji*®, postanowiono dodatkowo zbadaé¢ wplyw tego elementu na HRQoL.
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4. Cele

Cele ogdlne pracy byly nastepujace:

(1) Okreslenie globalnej i regionalnej czestosci wystgpowania HRVA jako wariantu
anatomicznego wpltywajacego na wczesne wyniki leczenia niestabilnosci ztacza
kregowo-podstawnego z wykorzystaniem $rub przeznasadowych — Publikacja 1.

(2) W przypadku niewielkiej liczby europejskich badan z tego zakresu réwniez
wyznaczenie czestosci HRVA w populacji polskiej — Publikacja 2.

(3) Oszacowanie ryzyka wzglednego (RR) wystgpienia HRVA u o0sob z
reumatoidalnym zapaleniem stawow — Publikacja 3.

(4) Ocena wynikdw neurologicznych leczenia pourazowej niestabilno$ci w obrebie
zlacza kregowo-podstawnego przy uzyciu stabilizacji przez nasady C2 wraz z
okresleniem wptywu dotaczenia kosci potylicznej do fuzji na te wyniki —
Publikacja 4.

(5) Okreslenie HRQoL przed stabilizacja oraz na wizycie kontrolnej wraz z
identyfikacja istotnych korelatow i predyktorow HRQoL — Publikacja 5.

(6) Ocena wptywu dotgczenia kosci potylicznej do stabilizacji na HRQoL —
Publikacja 5.

Cele szczegotowe wraz z hipotezami zerowymi i pelng metodologig zostaty omowione w

kazdej zataczonej publikacji osobno.

Projekt pracy doktorskiej zostal zatwierdzony przez whasciwag Komisje Bioetyczng bez

koniecznosci opiniowania (KB-0012/24/04/2020/Z).
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5. Omowienie wynikow
5.1Publikacja 1

Prevalence of high-riding vertebral artery: a meta-analysis of the anatomical
variant affecting choice of craniocervical fusion method and its outcome

Przeszukano bazy danych PubMed MEDLINE, Web of Science, EMBASE, SciELO, a
takze China National Knowledge Infrastructure wykorzystujac przettumaczong fraze
‘wysoko biegnaca tetnica kregowa’ i1 odpowiednie synonimy. Kryteria wilaczenia i
wylaczenia zostaly doktadnie omowione w sekcji metodologicznej zataczonej publikacji.
Sposraod pierwotnie wyszukanych 681 publikacji, ostatecznie do oceny jakosciowej, jak i
ilosciowej wiaczonych zostato 20 prac naukowych opublikowanych na przestrzeni lat
1997-2019. 16 z nich pochodzito z Azji, 2 z Ameryki Potnocnej oraz 2 z Europy?>=°. Nie
zidentyfikowano zadnych badan na populacjach afrykanskiej i1 australijskiej. Metaanaliza
w modelu efektow losowych objela 3126 os6b 1 7496 stron. Aby zapewni
usystematyzowang strukture metaanalizy zastosowano si¢ do rekomendacji o nazwie
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). Ocena
ryzyka btedu systematycznego przy pomocy narzedzia Anatomical Quality Assessment
(AQUA) wykazata, ze najwigksze ryzyko dotyczylo metodologii zakwalifikowanych
prac (12 z 20 byto wysokiego ryzyka), za§ najmniejsze ryzyko bylo zwigzane z projektem
badan (19 sposrod 20 byto niskiego ryzyka). Dominujacg modalnoscia oceny wysokosci
cie$ni kregu C2 byta tomografia komputera — 18 sposrod 20 wiaczonych do metaanalizy
prac. W dwodch badaniach autorzy identyfikowali wysoko biegnaca tetnice kregowsa
(HRVA) na preparatach kadawerowych. Globalna czgsto§¢ wystepowania HRVA zostata
wyliczona na 20,9% (95% CI 16,5 — 25,8; 12> = 87,5%; Q Cochrana = 111,6; p < 0,001)
wsrdd osob bez reumatoidalnego zapalenia stawow (RA), natomiast uwzgledniajac
tacznie osoby bez RA, jak i z RA czestos¢ ta wyniosta 25,3% (95% CI 19,6 — 31,5; 12 =
92,3%; p <0,001). Czesto$¢ u os6b z RA oszacowano na 42,9% (95% CI 23,8 — 63,1; 2
=64,68%; Q Cochrana = 8,49; p=0,037). U kobiet HRVA wystepowata istotnie cz¢sciej
(26,82%) niz u mezezyzn (15,20%; p = 0,0016). Nie wykryto réznic miedzy strong lewa
czy prawa (50,8% versus 49,2%; p = 1,0). Najwicksza czestos¢ HRVA zostala
zaobserwowana w populaciji europejskiej — 23,93% (95% CI 20,49 — 27,55; 1> = 0,0%; p
= 0,80), nastgpnie azjatyckiej — 21,48% (95% CI 15,96 — 27,56; 12 = 88,3%: p<0,001)i
poétocnoamerykanskiej — 19,17% (95% CI 2,76 — 43,20; 1> = 94,1; p < 0,001). Réznice
te jednak nie osiggnety istotnosci statystycznej (p = 0,20; test jednorodnosci chi-kwadrat).
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Celem zmniejszenia ryzyka $rédoperacyjnego uszkodzenia tetnicy kregowej, a przez to
poprawy wynikow leczenia stabilizacja przeznasadowa doktorant w publikacji
zaproponowat praktyczny algorytm dotyczacy postepowania klinicznego u chorych z
HRVA, ktéry szerzej omdéwiony zostat w sekcji 6.1. Jest to w literaturze pierwsza proba
usystematyzowania postgpowania klinicznego u pacjentow z HRVA kwalifikowanych do
stabilizacji ztgcza kregowo-podstawnego.

5.2 Publikacja 2

Prevalence of high-riding vertebral arteries and narrow C2 pedicles among Central-
European population: a computed tomography-based study

383 kolejne skany tomografii komputerowej kregostupa szyjnego (766 potencjalnych
punktow wprowadzenia $rub w nasady C2) ocenione zostaty przez dwoje niezaleznych
badaczy. Pomiaréw nie wykonywano u 0s6b po operacjach w obrgbie ztacza kregowo-
podstawnego, ze ztamaniami krggu C2, o nieodpowiedniej jakosci technicznej wykonania
(w tym artefakty wynikle z poruszenia si¢ w trakcie akwizycji), u 0s6b ponizej 18 roku
zycia oraz u chorych na reumatoidalne zapalenie stawow. Wsrdd analizowanych osob
byto 237 kobiet (61,9%) i 146 mezczyzn (38,1%). Sredni wiek badanych wyniost 43,2
lata (przedziat 22 — 86 lat). Wykazano, ze w populacji polskiej (jako reprezentatywnej
dla Europy Srodkowej) czestos¢ wystepowania co najmniej jednej HRVA wynosi 25,3%
(95% CI 21,1- 29,8), co si¢ przektada na 16,7% (95% CI 14,2-19,4) potencjalnych
punktow wprowadzenia $rub. Z kolei czestos¢ wystepowania co najmniej jednej waskiej
nasady C2 (NP) wyliczono na 36,8% (95% CI 32,1-41,7) badanych oraz 23,8% (95% CI
20,8-26,8) z potencjalnych miejsc wprowadzenia $rub. Wérdd osob z obustronnymi
HRVA dokonano pomiaréw grubosci tukow C2, aby oceni¢ mozliwos¢ zastosowania
$rub przez blaszki tukéw kregowych (ang. translaminar screws) doktorant dokonat
pomiaré6w grubosci tych blaszek na przekrojach poprzecznych tomografii
komputerowych. Srednia grubos¢ blaszek tuku u tych badanych (z obustronnymi HRVA)
wyniosta 5,48 mm (odchylenie standardowe [SD] = 1,21 mm) po stronie lewej 1 5,33 mm
(SD = 0,97 mm) po prawej, przy czym waskie tuki (grubo$¢ ponizej 4 mm) stwierdzono
zaledwie u 13,3% po lewej 1 10% po prawej potwierdzajac tym samym, ze w wigkszoS$ci
przypadkéw nawet obustronnych HRVA $ruby przez blaszki tukow pozostaja istotng
alternatywa. Analogicznie, w przypadku obustronnych waskich nasad C2, blaszki tukow
tych kregow zwykle pozostaja odpowiednio szerokie (5,49 mm [SD = 1,06 mm] 1 5,45

mm [SD = 0,83 mm] odpowiednio dla stron lewej i prawej), zas waskie blaszki tukow
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(ponizej 4 mm) stwierdzono jedynie u 7,3% oséb po lewej i 2,4% po prawej oséb z
obustronnymi NP, co sugeruje, ze $ruby przez blaszki tukéw stanowi¢ moga opcje
ratunkowg w przypadku niemozno$ci wprowadzenia $rub przeznasadowych. Kappy
Cohena jako miary zgodno$ci miedzy dwoma obserwatorami wyniosty: k1 = 0,848 dla
lewej HRVA (zgodno$¢ znakomita wedlug przyjetej skali opisanej w metodologii
opublikowanego artykutu — ang. excellent), k> = 0,873 dla prawej HRV A (znakomita), k3
= 0,784 dla lewej NP (dobra — ang. good), ks = 0,795 dla prawej NP (dobra). Zgodnosci
wewnatrz jednego obserwatora po czasie od dwoch do trzech miesiecy wyniosty: ks =
0,852, ks = 0,834, k7 = 0,864, kg = 0,912 odpowiednio dla lewej HRVA, prawej HRVA,
lewej NP i prawej NP (znakomite). Zgodnosci migdzy dwoma réznymi programami
komputerowymi Syn.govia i OsiriX wyniosty kg = 0,940, k10 = 0,703, k11 = 0,896, K12 =
0,774 odpowiednio dla lewej HRVA (znakomita), prawej HRVA (dobra), lewej NP
(znakomita) i prawej NP (dobra).

5.3Publikacja 3

Risk of the high-riding variant of vertebral arteries at C2 is increased over twofold
in rheumatoid arthritis: a meta-analysis

W sposob systematyczny przeszukano najwazniejsze bazy danych: PubMed MEDLINE,
Web of Science, EMBASE, SciELO oraz China National Knowledge Infrastructure
stosujac odpowiednie tlumaczenia 1 synonimy termindéw ‘wysoko biegngca tgtnica
kregowa’ 1 ‘reumatoidalne zapalenie stawow’. Sposrdd 346 pierwotnie
zidentyfikowanych badan, finalnie na podstawie ustalonych kryteriow wilaczenia i
wylaczenia, szczegotowo opisanych w sekeji ‘Metody’ omawianej publikacji, do syntezy
jakosciowej wlaczono pie¢ opublikowanych w latach 2005 — 2018 artykutow?32%29:3446
natomiast do metaanalizy zakwalifikowano cztery z nich?325293446  jedno badanie
(Miyata i wspotautorzy*?), ktdre wiaczono do jakosciowego przegladu systematycznego
zostalo, mimo spehlienia kryteriow witaczenia, wykluczone z analizy iloSciowej ze
wzgledu na nieakceptowalnie wysokie ryzyko btedu systematycznego wynikajace z
odmiennej, nieuznawanej definicji HRVA i znacznie odbiegajacej od $redniej czestosci
wystepowania HRVA. Aby zapewni¢ usystematyzowang strukture metaanalizy
zastosowano liste kontrolng o nazwie Meta-analyses of Observational Studies (MOOSE),
ktora zawiera sze$¢ domen i 35 istotnych punktow do uwzglednienia w metaanalizach
badan obserwacyjnych. Wszystkie cztery prace zakwalifikowane do ilo§ciowej syntezy

byty autorstwa naukowcow z Azji. Jako$¢ wlaczonych do metaanalizy badan zostata
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oceniona przy pomocy skali Newcastle-Ottawa i wykazata, ze w domenach ‘selekcja’
oraz ‘wynik’ wszystkie artykuty miaty umiarkowane ryzyko btedu systematycznego, za$
w domenie ‘poréwnywalnos¢’ wiekszo$¢ prac obarczona byta wysokim ryzykiem takiego
btedu. W sumie do metaanalizy wtaczono 308 uczestnikow, ktoérych podzielono na dwie
grupy. Do grupy A z ekspozycja (osoby chorujgce na reumatoidalne zapalenie stawdw)
wlaczono 125 badanych, natomiast do grupy B bez ekspozycji na badany czynnik (0soby
nieobciazone reumatoidalnym zapaleniem stawow) zakwalifikowano 183 osoby. Sredni
wiek w obu grupach byt porownywalny (62,1 lat w grupie A versus 59,9 lat w grupie B).
Po przeprowadzeniu statystycznych obliczen metaanalizy 2z wykorzystaniem
oprogramowania MetaXL 5.3, EpiGear International Pty Ltd. (Brisbane, Australia) w
modelu efektow statych wykazano, ze ryzyko wzglgdne (RR) wystgpienia Wysoko
biegnacej tetnicy kregowej w populacji z reumatoidalnym zapaleniem stawow jest okoto
dwukrotnie wigksze niz u oséb bez tej choroby — RR = 2,11 (95% CI 1,47 — 3,05; 1? =
15,19%, Q Cochrana = 3,54, p = 0,32). Test catkowitej istotno$ci metaanalizy dla RR
wykazat p <0,001.

5.4 Publikacja 4

Management of post-traumatic craniovertebral junction dislocation: A PRISMA-
compliant systematic review and meta-analysis of case reports

Po przeszukaniu baz danych PubMed MEDLINE i Web of Science, do badania wtaczono
46 artykutdéw naukowych z lat 2015 — 2020 obejmujacych tacznie 141 przypadkow
Klinicznych pourazowej niestabilnosci w obrebie zlagcza kregowo-podstawnego, u
ktorych wdrozono leczenie zanim nastgpit ewentualny zgon'®4"%, Dla
usystematyzowania struktury przeprowadzonego badania zastosowano wytyczne oraz
liste kontrolng PRISMA. W grupie byto 90 mezczyzn (63,8%), 46 kobiet (32,6%), a ple¢
pieciu 0sdb pozostata nieznana. Sredni wiek pacjentow wyniést 39,2 lat. Okres
obserwacji po zastosowanym leczeniu $rednio objat 15,4 miesiecy (przedziat 0,5 — 60
miesi¢cy). W mechanizmie urazow dominowaty wypadki komunikacyjne (70,9%) oraz
upadki (24,6%). Najczestszym podtypem pourazowej niestabilnosci w obrebie ztacza
byta dyslokacja szczytowo-obrotowa (AAD; 62,4%). Rzadziej obserwowano dyslokacjg
szczytowo-potyliczng (AOD; 27,7%) 1 podtyp mieszany (9,9%). Leczenie operacyjne
stabilizacja z dostepu tylnego stosowane byto w zdecydowanej wigkszosci przypadkow
(95,7%), przy czym poziomami zwykle wiaczanymi do fuzji byty C1-C2 (45,2%), O-C2
(19,3%), O-C3 (13,3%) i O-C4 (8,1%). Dla przypadkow AOD najczgéciej wybieranymi
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segmentami byly O-C2 (35,9%), ktore rowniez dominowaty w podtypach mieszanych
(57,1%). 4,3% pacjentéw leczonych byto zachowawczo, przy czym wszyscy ci mieli
AAD, a zaden AOD (bez istotnosci statystycznej, p = 0,129). 27,2% badanych bylo bez
deficytéw neurologicznych przed 1 po operacji. Sposrod 100 oséb (76,3%), ktore miaty
ubytki neurologiczne przed operacja, 59% (n = 59) odniosto poprawe stanu
neurologicznego, 37% (n = 37) bylo stabilnych, za$ 4% (n = 4) uleglo pogorszeniu.
Nasilony bodl okolicy podpotylicznej i karku byt obecny u 43 chorych (30,5%), natomiast
w obserwacji na wizycie kontrolnej ulegl znaczacej poprawie u 83,7% z nich. 70
pacjentow (49,6%) miato wlaczong kos$¢ potyliczng do stabilizacji. Wéroéd chorych z
objawami neurologicznymi przy prezentacji, brak instrumentacji kosci potylicznej wigzat
si¢ istotnie z czgstsza poprawg neurologiczng (48,1% versus 33,3%) 1 mniejszym
odsetkiem neurologicznej stagnacji (9,3% versus 41,7%; p = 0,0013; test chi-kwadrat).
Model regresji wielorakiej wykazat, ze predyktorem stanu neurologicznego na wizycie
kontrolnej w tej populacji moze by¢ fakt dotaczenia kosci potylicznej do fuzji (f = -0,30;
p = 0,023), za$ nie sg to podtyp niestabilno$ci (szczytowo potyliczna versus szczytowo-
obrotowa; f=0,12; p=10,307), pte¢ (B =0,19; p=0,120), ani wiek (f =-0,08; p = 0,514).

Pelen zrost kostny uzyskano u 93,8% pacjentow.

5.5Publikacja 5

EQ-5D health-related quality of life questionnaire in craniovertebral instability
treated with posterior fixation with or without occipital plating: a comparative
study with matched datasets

Do badania wlaczono 60 chorych, u ktorych przeprowadzono stabilizacj¢ zlacza
krggowo-podstawnego przy uzyciu $rub wprowadzanych migdzy innymi w nasady C2.
W probie znalazto si¢ 30 kobiet i 30 mezczyzn. Sredni wiek badanych okreslono na 37,2
lat. Mediana obserwacji wyniosta 26,3 miesiecy z przedzialem mig¢dzykwartylowym
(IQR) od 10,8 do 47,3. Mediana przedoperacyjnej jakosSci zycia zwigzanej ze zdrowiem
(HRQoL) ocenionej w kwestionariuszu EQ-5D wyniosta 0,254 (IQR -0,025 do 0,504).
Na wizycie kontrolnej bezposredniej lub telefonicznej mediang HRQoL oszacowano na
0,779 (IQR 0,387 do 0,864). Wzrost byt istotny statystycznie (p < 0,001). Mediana
wzrostu HRQoL wyniosta 0,508 (IQR 0,128 do 0,717). Pomimo poprawy, jako$¢ ta w
dalszym ciggu byta nizsza niz dolny kwartyl (25. centyl) populacji polskiej dopasowanej
pod wzgledem wieku (0,894). Przed operacja domeng jako$ci zdrowia najgorzej oceniang

byl bol / dyskomfort, a takze niepokoj / depresja — 94,4% chorych w kazdej z tych domen
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deklarowato problemy umiarkowane lub krancowe. Wymiarem HRQoL najmniej
dotknigtym przed operacja byta samoobstuga — 30,6% ankietowanych nie bylo w stanie
si¢ umy¢ lub ubraé, 50% miato z tym umiarkowane problemy, za$ 19,4% nie mialo z tym
jakichkolwiek trudnosci. Na wizycie kontrolnej w dalszym ciggu bol 1 dyskomfort
dominowaty, jako przysparzajace pacjentom najwiecej probleméw — 51,6% odczuwato
umiarkowane dolegliwosci, a 9,7% krancowy bol lub dyskomfort. Na wizycie kontrolne;j
najwigcej ankietowanych docenito brak probleméw w poruszaniu si¢ (61,3%). 35
pacjentow (58,3%) miatlo dotaczong kos¢ potyliczng (CO) do stabilizacji. Mediany
HRQoL przedoperacyjnie w grupie bez dotaczonej kosci potylicznej to 0,100. W grupie
z CO za$§ mediana wyniosta 0,310 (réznica nieistotna statystycznie, p = 0,069).
Pooperacyjne mediany HRQoL w grupie z dotaczong CO i bez wyniosty odpowiednio
0,670 1 0,810 (p = 0,061). Mediany wzrostow HRQoL w tych grupach to odpowiednio
0,540 1 0,400 (p = 0,692), co wskazuje na podobne wyniki w obu grupach i mozliwos¢
braku wplywu dotaczenia kosci potylicznej do konstruktu stabilizujacego na HRQoL.
Model wielorakiej regresji liniowej wykazat, ze predyktorami HRQoL w dalszej
obserwacji na wizycie kontrolnej moga by¢ wiek (p = -0,004; p = 0,049) oraz dlugos¢
okresu hospitalizacji liczona w dniach (B =-0,134; p =0,010). Inne czynniki nie uzyskaty
istotno$ci statystycznej. Sposrod klasycznych pomiaréw radiologicznych dotyczacych
niestabilno$ci ztagcza kregowo-podstawnego tylko przedoperacyjny parametr odlegtosci
zgba obrotnika od linii Wackenheima korelowat z HRQoL (rho Spearmana = -0,432; p =
0,028). Bliski osiggnie¢cia istotnosci statystycznej w korelacji z HRQoL byt wspdtczynnik
Powersa (rho Spearmana = -0,416; p = 0,054 dla pomiaru przedoperacyjnego oraz rho =
-0,418; p = 0,121 dla pomiaru pooperacyjnego).
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6. Dyskusja

6.1 Publikacja 1

Prevalence of high-riding vertebral artery: a meta-analysis of the anatomical
variant affecting choice of craniocervical fusion method and its outcome

Dotychczas w literaturze przedstawiane byly znaczne rozbieznosci w czestosciach
wystepowania HRVA — od 8,3% do ~40%°°°!. Przeprowadzona metaanaliza w modelu
efektow losowych ukazala jednak, ze 95% CI tego wariantu anatomicznego wynosi od
16,5% do 25,8%, znacznie zawezajac poprzedni przedzial. Dane te ukazuja
powszechno$s¢ HRVA 1 podkreslajg jak istotne jest przedoperacyjne planowanie oraz
swiadomos$¢ obecnosci HRVA w przypadku stabilizacji z wykorzystaniem s$rub przez
nasady C2 lub $rub przez staw C1/C2, gdyz w obu tych technikach HRVA znacznie
zwieksza ryzyko uszkodzenia VA%, Wyjaénienie przyczyny, dla ktérej waska ciesh
zwigksza te ryzyko rowniez w przypadku $rub przeznasadowych lezy w anatomicznie
Scistych stosunkach cie$ni i nasady kregu C2, co wykazat Naderi i jego wspoOtpracownicy
w 2004 roku proponujac wspolng nazwe ‘komponent nasadowo-ciesniowy’ (ang.

pediculo-isthmic component)®,

Jedna praca obejmujaca populacje czeska sugerowata znaczng przewage wystepowania
HRVA po stronie lewej (17,8% versus 12,1%; p = 0,011). Wykonana przez doktoranta
metaanaliza, uwzgledniajaca dziewige¢ sposrod zakwalifikowanych prac, wykazata
jednak, ze stosunek strony lewej do prawej jest podobny (lewa: 50,8% [95% CI 33,8 —
67,6]; prawa: 49,2% [95% CI 32,4 — 66,2]; p ~ 1,0; test U Manna-Whitneya).

W ramach dyskusji doktorant zaproponowal algorytm postgpowania w sytuacjach, gdy
na etapie planowania przedoperacyjnego stwierdzona zostanie HRVA po stronie
dominujacej lub niedominujgcej VA. W przypadku jednostronnej HRV A i tozstronnie
dominujacej VA zalecono, by odstapi¢ od Sruby przezstawowej, zas Sruba przeznasadowa
jest dopuszczalna przy zachowaniu najwyzszej ostroznosci i zastosowaniu systemu
nawigacyjnego. Nalezy rowniez rozwazy¢ przeprowadzenie Sruby przez blaszki tukow,
czyli translaminarnie. Podobne zalecenia zostaly zaproponowane w przypadku
obustronnych HRVA. Z kolei, jesli mamy do czynienia z jednostronng HRVA i
tozstronnie niedominujagca badz hipoplastyczng VA, wowczas nie zaleca si¢ Srub
przezstawowych, natomiast §ruby przeznasadowe po obu stronach sa dopuszczalne i
wykonalne bez duzego ryzyka powiktan. Gdy po obu stronach nie wystepuje HRVA, to

zaréwno technika przezstawowa, jak 1 przeznasadowa sg akceptowalne, a wybor zalezy
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od preferencji operatora. Zidentyfikowana niewielka ilos¢ badan na temat HRVA w
populacji europejskiej postuzyla za inspiracje do zbadania omawianego wariantu
anatomicznego tetnicy krggowego w probie reprezentatywnej dla tej populacji i
opracowania kolejnej publikacji (oznaczonej jako Publikacja 2). Z kolei odkryta mozliwa
zalezno$¢ migdzy reumatoidalnym zapaleniem stawéow a HRVA stanowita kamien
wegielny pod metaanaliz¢ majaca na celu oszacowanie RR dla HRVA u pacjentow z RA

(Publikacja 3).

6.2 Publikacja 2

Prevalence of high-riding vertebral arteries and narrow C2 pedicles among
Central-European population: a computed tomography-based study

W populacji polskiej jako reprezentatywnej dla Europy Srodkowej, $rednia czesto$é
wystepowania HRVA wyniosta 25,3% (95% CI 21,1 — 29,8) i miesci sie¢ w 95%
przedziale ufnosci dla wyznaczonej czestosci w skali globalnej®*. Czesto$¢ wystepowania
przynajmniej jednej NP u pacjenta w kontekScie globalnym nie zostala dotychczas
0szacowana, hiemniej jednak uzyskana w tym badaniu (36,8% [95% CI 32,1 — 41,7]) jest
wyzsza niz w doniesieniu Yeoma i wspotpracownikow® z 2013 roku dotyczacego
populacji koreanskiej (23,8%). Wyjasnieniem tych rozbiezno$ci moga by¢ znane réznice
w budowie kregostupa szyjnego w zaleznosci od pochodzenia etnicznego®. Dla
przyktadu, stwierdzono, iz anatomicznie najmniejsza szeroko$¢ nasad kregu C4
wystepuje u kobiet populacji europejskiej i amerykanskiej ($rednio 4,1 mm), za$
najwieksza szeroko$¢ nasad kregu C7 obecna moze by¢ u mezczyzn populacji azjatyckiej
($rednio 7,7 mm)®. Podobnie sytuacja ksztattowa¢ moze si¢ w chorobach dotykajacych
kregostup szyjny: kostnienie wigzadta podluznego tylnego znacznie czgsciej wystepuje u
Azjatow — 4,8% (95% CI 2,8 — 8,1) niz u rasy kaukaskiej — 1,3% (95% CI1 0,7 — 2,3) z

poziomem istotnosci statystycznej p = 0,005 .

Z uwagi na istniejace roznice rasowe w anatomii i1 fakt, iz przeprowadzona wcze$niej
metaanaliza (publikacja 1) naswietlita ograniczong ilos¢ badan europejskich (jedynie
dwie prace?¥’, z ktérych waga jednej w wykresie drzewkowym znacznie przewyzszyta
wage drugiej), doktorant wraz ze wspotautorami postanowit w ramach dyskusji wykonac
uzupetniajacg metaanaliz¢ wylacznie podgrupy badan europejskich z uwzglednieniem
wynikéw badania z populacja polska (publikacja 2). Sposréd trzech badan?l:97:%
zawierajacych sumarycznie 944 uczestnikow, uaktualniona czestos¢ wystepowania

przynajmniej jednej wysoko biegnacej tetnicy kregowej w Europie wyniosta 24,52%
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(95% CI 21,83 -27,32, 12=0,0 [0—32,7], Q Cochrana = 0,31; model efektéw losowych)
1 jest wyzsza niz stwierdzona poprzednio (23,93% [95% CI 20,49 — 27,55]. Dodanie
niniejszej publikacji pozwolito takze na zawezenie przedziatu ufno$ci i rowniejsze
roztozenie wag analizowanych prac, zmniejszajagc tym samym ryzyko biedu
systematycznego wynikajgcego z matej ilosci dostepnych danych (ang. data availability
bias).

Co wiecej, po raz pierwszy zostaly wyznaczone parametry morfometryczne kregu C2
(wysokos¢ ciesni, szeroko$¢ nasad, szerokos¢ blaszek tukow) w populacji polskiej. Te
dane mogg by¢ wykorzystane w przedoperacyjnym planowaniu stabilizacji ztacza
kregowo-podstawnego u polskich pacjentow. Wowczas, w przypadku zidentyfikowania
waskich nasad C2 lub wysoko biegnacej tetnicy kregowej, mozna z wyprzedzeniem
zaplanowa¢ dodatkowe srddoperacyjne kroki zmniejszajace ryzyko uszkodzenia tetnicy
kregowej, takie jak stabilizacja przez blaszki tuku lub zastosowanie ultrasonografii

dopplerowskiej, jak zasugerowat Lofrese %.

6.3 Publikacja 3

Risk of the high-riding variant of vertebral arteries at C2 is increased over twofold
in rheumatoid arthritis: a meta-analysis

Pomimo istniejagcych przestanek, ze reumatoidalne zapalenie stawow moze zwigkszac¢
ryzyko obecnosci HRVA“?, brakowato ilosciowego podsumowania dostepnych danych.
Na cztery wilaczone do przegladu i metaanalizy badania?®?2%34 trzy sugerowaty
podniesione ryzyko, jedna za$ wskazywata, Ze takie ryzyko mogtoby by¢ nawet
zmniejszone. Przeprowadzona przez doktoranta metaanaliza wykazata, ze RR = 2,11
(95% CI 1,47 — 3,05, 12 = 15,19%, Q Cochrana = 3,54, model efektow statych), co
dowodzi, ze ryzyko — na podstawie aktualnie dostepnych danych — moze by¢ podniesione
ponad dwukrotnie. Przypuszczalnym wytlumaczeniem czestszego wystgpowania HRVA
w RA jest postgpujaca degradacja gestosci mineralnej kosci w wyniku toczacego si¢
przewleklego procesu zapalnego z udziatem interleukiny-6 i czynnika martwicy guza w
obrebie stawow szczytowo-obrotowych, ktore sa w bezposrednim sgsiedztwie ciesni
kregu C2199101 Tetnigca tetnica kregowa regularnie uderzajaca w ostabiong zapalnie i
osteoporotycznie ko$¢ stopniowo doprowadza do jej Scienczenia, co w efekcie zmniejsza
wysokos¢ ciesni. Wprowadzenie $ruby przeznasadowej przez taka chorobowo zmieniong
kos¢ wiaze si¢ z ryzykiem zarowno uszkodzenia tetnicy krggowej, jak i obluzowania

implantu w dalszej perspektywie.
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Poznanie zaleznosci migdzy wysoko biegnaca tetnica kregowa a reumatoidalnym
zapaleniem stawoOw jest dla tej podgrupy szczegélnie istotne z tego wzgledu, iz pacjenci
cl s3 czgSciej narazeni niz populacja ogélna na wystgpienie niestabilnosci w obrebie
ztacza kregowo-postawnego*®?. Jak thumaczy Gillick i wspotpracownicy, niestabilnosé ta
w przypadku RA jest wynikiem przewlektego procesu zapalnego z proliferacja tkanki
facznej widknistej i naczyniowej z nastgpowa formacja luszczki wokot stawow
szczytowo-obrotowych bocznych i przedniego (miedzy z¢bem C2 a tukiem przednim
C1)'%, Tworzaca sie zapalna tuszczka doprowadza do poluzowania torebki stawowej i
wigzadet z mozliwym podwichnigciem w stawach szczytowo-obrotowych lub
atraumatycznym patologicznym ztamaniem zg¢ba obrotnika. Gorny odcinek kregostupa
szyjnego w RA jest istotnie zajety nawet w 65% przypadkow'%2, Wobec tego, pacjenci z
RA czesciej beda wymagaé operacji stabilizujacej zlacze kregowo-podstawne z
wykorzystaniem $rub przeznasadowych. Kontinuum tych zjawisk doprowadza do
sytuacji, w ktorej podgrupa z podniesionym prawdopodobienstwem niestabilnosci i
wymogu stabilizacji, ma réwniez najwieksze ryzyko jatrogennego uszkodzenia VA w
wyniku wystepowania HRVA, co moze znacznie pogorszy¢ ich wyniki leczenia.
Swiadomo$¢ ponad dwukrotnie czestszej obecnosci wysoko biegnacej tetnicy kregowe;
u pacjentbw z reumatoidalnym zapaleniem stawdéw i przygotowanie opcji
alternatywnych, takich jak chociazby $ruby przez blaszki tuku, moze z kolei przyczyni¢

si¢ do poprawy tych wynikow.

6.4 Publikacja 4

Management of post-traumatic craniovertebral junction dislocation: A PRISMA-
compliant systematic review and meta-analysis of case reports

W tym przegladzie systematycznym z metaanaliza przypadkoéw klinicznych podjeto
probe nawigzania dyskusji na bardzo istotny aspekt stabilizacji ztacza kregowo-
podstawnego. Jak uzasadnia Atul Goel, wigkszo$¢ niestabilnosci w obrgbie ztgcza jest
wynikiem nieprawidlowosci stawu szczytowo-obrotowego, nie za$§ szczytowo-
potylicznego i nie wymaga stabilizacji odcinka CO-C1%. Przewaga niestabilno$ci
szczytowo-obrotowe] znalazta potwierdzenie rowniez w podgrupie pourazowej
(62,4%)%*. Niemniej jednak, co zaprezentowano w publikacji 4, nierzadko i wérod tych
chorych z niestabilno$cia wylacznie szczytowo-obrotowa dolacza si¢ potylice do
stabilizacji (18,2%). Jak wykazano, moze to spowalnia¢ postep rehabilitacji w wyniku

czego na wizycie kontrolnej wyniki leczenia mogg by¢ gorsze niz gdyby goérny biegun
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konstruktu stabilizacyjnego zakonczy¢ na poziomie C1-C2, bez dolaczania potylicy. W
praktyce Kklinicznej dobrymi markerami pomocnymi w odréznieniu AOD od AAD sa
radiologiczne pomiary takie jak odcinek basion-zgb (BDI), odcinek basion-obrotnik
(BAI), a w szczegolnosci zrewidowany odcinek Cl-ktykie¢ (rCCI), dla ktorego punkt

odciecia 2,5 mm ma wysoka czuto$é i swoisto$é w odniesieniu do AOD®,

Wykonana metaanaliza wykazata réwniez, ze najcze$ciej wykonywanym rodzajem
stabilizacji w podgrupie pourazowej jest metoda Goela-Harmsa ze S$rubami
prowadzonymi przez masy boczne C1 i nasady C2 (75,5%). Z innych metod rzadziej
wykorzystywanych nalezy wspomnie¢ o metodach Brooksa czy Sonntaga-Dickmana,
gdzie stosowany jest tak zwany ‘wiring’, czyli poprowadzenie drutéw podtrzymujacych
tuki kregow C1 1 C2 — technika stosowana gltownie w populacji pediatrycznej. Inng
stosowang czasem metoda sa prowadzone przez blaszki tukow S$ruby translaminarne,
ktore miato 12,4% chorych leczonych operacyjnie w przeprowadzonym przegladzie.
Metoda ta zostata wprowadzona w 2004 roku przez Wrighta'® i wspotpracownikow.
Warunkiem do zastosowania $rub translaminarnych jest grubo$¢ tuku ponad 3,5 mm
mierzone na przekroju osiowym tomografii komputerowej. Technika ta zapewnia
mniejsza wytrzymato$¢ konstruktu stabilizujacego niz $ruby przeznasadowe'®’, jednak

jest bezpieczniejsza 1 moze by¢ wykorzystana w przypadku waskich nasad (NP) lub

wysoko biegnacej tetnicy kregowej (HRVA).

W przegladzie autorzy zwrocili rdwniez uwage na czesty brak spojnego sposobu
raportowania wynikow leczenia w literaturze. Opisy symptomatologii czesto sa
podawane w sposOb nieilo$ciowy, utrudniajgcy analityczng synteze danych.
Niekonsekwentnie stosowane s3 réznego rodzaju skale do wyrazenia symptomatologii
takie jak mJOA, ASIA, Nurick, Neck Disability Index lub czgsto Zzadna z nich.
Niewatpliwie ustalenie konsensusu w tym zakresie przyczynitoby si¢ do zwigkszenia

jakos$ci metaanalizy.
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6.5Publikacja 5

EQ-5D health-related quality of life questionnaire in craniovertebral instability
treated with posterior fixation with or without occipital plating: a comparative
study with matched datasets

W literaturze mozna odnalez¢ kwantyfikacj¢ HRQoL z uzyciem kwestionariusza EQ-5D
dla wielu schorzen kregostupal®®''®. W przypadku zaburzen balansu strzatkowego i
osiowego kregostupa szyjnego o typie kifoskoliozy u dorostych wyliczono $redni
wspotczynnik EQ-5D rowny 0,511 (SD = 0,224), co byto wynikiem ponizej 25. centyla
populacji dopasowanej wiekiem i plcigl®. Podobnie jak w publikacji nr 5, domeng
najbardziej obnizajaca jakos$¢ zycia byl bol 1 dyskomfort. Lepsza HRQoL niz w
niestabilno$ci ztagcza kregowo-podstawnego wytlumaczy¢é mozna typowo bardziej
przewlektym charakterem deformacji, do ktorych chory jest w stanie si¢ stopniowo
zaadaptowac. Z kolei w ostrych ztamaniach trzonéw krggéw HRQoL jest juz duzo nizsza
(0,270 [95% CI 0,220 — 0,310])1%° i bardziej zblizona do tej w CCI przed operacija (0,254
[IQR -0,025 do 0,504]). Co wiecej, podobnie jak w ztamaniach trzonow, po skutecznym
leczeniu CCl HRQoL ulega znacznej poprawie podczas wizyty kontrolnej: 0,690 (95%
ClI 0,660 — 0,720) versus 0,779 (IQR = 0,387 do 0,864)'%. Réznice w zastosowanych
miarach rozktadu wynikaja z odmiennych rozktadow danych w poszczego6lnych pracach

(normalny versus brak rozktadu normalnego).

Model wielorakiej regresji liniowej obejmujacy cztery zmienne niezalezne 1 jedng
zmienng zalezng wykazal, Ze istotnymi predyktorami jakosSci Zycia zwigzane] ze
zdrowiem na wizycie kontrolnej sag wiek oraz dlugos$¢ hospitalizacji. Im starszy pacjent 1
im dluzej przebywa on w szpitalu, tym gorsza ma przewidywang HRQoL. Podeszty wiek
pociaga za sobg choroby towarzyszace, w tym wystgpowanie zespotu kruchosci, mniejsze
zdolnos$ci do rehabilitacji 1 mniejsze rezerwy na powr6t do zdrowia. Z kolei wptyw
przedtuzonej hospitalizacji na HRQoL mozna thtumaczy¢ obecno$cig powiktan, pobytem
w oddziale intensywnej terapii, czy tez zaburzonym gojeniem si¢ rany. Co warte
podkreslenia, w modelu wielorakiej regresji liniowej nie uzyskano istotnosci
statystycznej w odniesieniu do dotaczenia kosci potylicznej do stabilizacji, co w
kontekscie danych uzyskanych z publikacji nr 4 oraz 5 moze ukazywac brak
bezposredniego przetozenia stanu neurologicznego na HRQoL lub moze wynika¢ z
homogennosci populacji w publikacji nr 4 (grupa pourazowa) i heterogennosci populacji

w publikacji nr 5.
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W omawianej publikacji wykazano, iz stosunek linii Wackenheima do wierzchotka zgba
obrotnika, moze korelowac z przedoperacyjng jakos$cig zycia zwigzang ze zdrowiem (rho
=-0,432, p =0,028). W przypadku gdy wierzchotek z¢hba C2 znajdowat si¢ brzusznie lub
stycznie do tej linii, obserwowano wyzszg HRQoL wyrazong wspotczynnikiem EQ-5D.
Niemniej jednak wynik ten nalezy interpretowac ostroznie, gdyz na odlegto$¢ zgba od
linii Wackenheima wptyw mie¢ moze celowo przybrana pozycja kregostupa szyjnego, w

ktorej wykonywane jest badanie radiologiczne!'

. Co wiecej, mimo stwierdzonej
korelacji liniowej, przeprowadzona przez doktoranta analiza wielorakiej regresji liniowej

nie potwierdzita tego parametru jako niezaleznego predyktora przedoperacyjnej HRQoL.

6.6 Zwiazek poszczegolnych publikacji z tytulem rozprawy doktorskiej
Opublikowane prace naukowe s3a powigzane tematycznie, koncentruja si¢ wokot
wynikow leczenia dyslokacji ztgcza krggowo-podstawnego z wykorzystaniem stabilizacji
przez nasady obrotnika, a jednoczes$nie maja zréznicowany, wielowymiarowy charakter.
Publikacje numer 1, 2 i 3 s3 wyrazem dazenia do poprawy okotooperacyjnych wynikoéw
leczenia dzieki zmniejszeniu ryzyka uszkodzenia tetnicy kregowej w obrgbie otworu
wyrostka poprzecznego obrotnika podczas wprowadzania §rub metodg przeznasadowa w
kreg C2. Celem zmniejszenia tego ryzyka i dla poprawy wynikéw leczenia stabilizacja
przeznasadowg doktorant zaproponowal praktyczny algorytm dotyczacy postgpowania
klinicznego u chorych z HRVA. Publikacja 4 przedstawia zaréwno postepowanie jak 1
wyniki leczenia homogennie wyselekcjonowanej populacji z wylacznie pourazowa
niestabilno$ciag ztacza kregowo-podstawnego i ocenia dodatkowe czynniki (w tym
dotaczenie kosci potylicznej do konstrukcji stabilizujacej) ksztaltujace wynik leczenia
oceniany na wizycie kontrolnej. Publikacja 5 charakteryzuje jako$¢ zycia zwigzang ze
zdrowiem przed i po stabilizacji ztacza kregowo-podstawnego przy wykorzystaniu srub
wprowadzanych w nasady C2. HRQoL jest jednym z istotniejszych wynikdw leczenia z
perspektywy pacjenta, gdyz odzwierciedla wplyw zdrowia bezposrednio na codzienne
funkcjonowanie, w tym na zdolno$¢ poruszania si¢, samoobstuge (mycie, ubieranie si¢),

prace, aktywnos$ci w czasie wolnym, dolegliwos$ci bolowe lub nastrdj.

6.7 Implikacje kliniczne
Wyniki uzyskane z przeprowadzonych badan moga znalez¢é zastosowanie w praktyce
klinicznej. Zaproponowane w publikacji nr 1 rekomendacje postgpowania u chorych z
HRVA w zalezno$ci od strony dominujacej VA moga pozwoli¢ na wybor

bezpieczniejszej techniki operacyjnej, poprawiajac bezposrednie okolooperacyjne wyniki
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leczenia. Sugerowane jest, aby pomiary radiologiczne cie$ni i nasad C2 byty standardem
w przedoperacyjnym planowaniu, jako ze — co udowodniono w publikacji nr 2 - cechuja
si¢ wysokg zgodnos$cig miedzy réznymi obserwatorami i wewnatrz jednego obserwatora
niezaleznie od stosowanego oprogramowania in silico. Jest to szczegdlnie istotne u
chorych z reumatoidalnym zapaleniem stawoéw, ktorzy przyjmowani s3 z
podwichnigciem w stawie szczytowo-obrotowym lub z inwaginacja zgba obrotnika do
otworu wielkiego, i ktdrzy majg planowany zabieg stabilizacji zlgcza kregowo-
podstawnego z dostepu tylnego. Majg oni bowiem $rednio ponad dwukrotnie wyzsze
ryzyko obecno$ci HRVA, a co si¢ z tym wigze rowniez wyzsze ryzyko jatrogennego
uszkodzenia tetnicy krggowej. Kolejng wazng implikacja kliniczng jest wniosek z
publikacji nr 4, iz u chorych z pourazowg niestabilno$cig wylacznie szczytowo-obrotowa
(C1-C2) wiaczenie potylicy do stabilizacji moze nie$¢ negatywne skutki w postaci
gorszej rehabilitacji 1 opoznionej poprawy neurologicznej. Kluczowe dla rozroéznienia
czystej] AAD od AOD lub taczonej AAD z AOD wydaja si¢ by¢ pomiary radiologiczne,
w szczego6lnosci parametry BDI, BAI 1 rCCI. Z publikacji nr 5, w ocenie doktoranta,
najistotniejsze do codziennej praktyki sg statystycznie istotne predyktory: wiek i dtugos¢
hospitalizacji. Proponujgc elektywng stabilizacj¢ zlagcza kregowo-podstawnego
pacjentom w podeszlym wieku i z duzym ryzykiem powiklan okolooperacyjnych
przedhuzajacych pobyt w szpitalu, $wiadomo$¢ tych predyktorow pozwoli na przekazanie
choremu kolejne;j istotnej informacji potrzebnej do $wiadomej zgody na zabieg. Dzigki
temu pacjent bedzie miat realne oczekiwania w odniesieniu do spodziewanej jakoS$ci
zycia zwigzanej] ze zdrowiem. Dodatkowo, istotna jest wiedza, ze na przedoperacyjng
HRQoL najbardziej negatywnie wptywa odczuwany bol i dyskomfort, zas§ HRQoL na
wizycie kontrolnej obnizaja gtéwnie problemy z wykonywaniem zwyklych czynnosci,
takich jak nauka, praca czy aktywnosci w czasie wolnym. Pozwoli to na korzystniejsza
alokacje zasobow oddziatowych (wigkszy nacisk na leczenie przeciwbolowe w okresie

okotooperacyjnym) i poszpitalnych (pomoc psychologiczna i srodowiskowa).

6.8 Ograniczenia
Cykl prac, mimo iz porusza wiele aspektow dotyczacych wynikow leczenia - zwigzane z
tetnicg kregowa, wyniki radiologiczne, jako$¢ zycia, stan neurologiczny - niestabilnosci
w obrgbie zlagcza kregowo-podstawnego, to nie jest wolny od niedoskonatosci.
Ograniczeniem publikacji nr 1 byt niewatpliwie fakt, ze wigkszo$¢ badan pochodzita z

Azji. Jedynie dwie prace wywodzity sie z Ameryki Pétnocnej i dwie z Europy. Zaden
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artykut nie obejmowat populacji afrykanskiej ani australijskiej. Te ograniczenie zostato
cze$ciowo zaadresowane w publikacji nr 4, gdzie autorzy wyznaczyli czgstos¢ HRVA
wsrod proby sktadajgcej sie z 383 Polakow jako grupy reprezentatywnej dla populacji
Europy Srodkowej. Bylo to pierwsze takie badanie obejmujace populacje polska. Dzieki
temu nastgpnie zostala przedstawiona uaktualniona zbiorcza czegsto$¢ wystepowania
HRVA w Europie z bardziej rownomiernym rozktadem wag w wykresie drzewkowym.
Dodatkowo, wigkszo$¢ z prac byta obarczona wysokim ryzykiem btgdu systematycznego
w kwestii metodologii. W zwigzku z tym, ze w publikacji nr 2 zgodno$¢ pomiarow nasad
C2 miedzy obserwatorami i migdzy programami komputerowymi oceniona zostata
jedynie jako ‘dobra’ (kappa 0,61 do 0,80), pomiary migdzy poszczegodlnymi badaczami i
uzyskiwane ré6znymi programami mogg si¢ nieco r6zni¢. W publikacji nr 3 najwickszym
mankamentem byla niewielka liczba badan spetniajacych kryteria wiaczenia. Zaledwie
cztery prace zostaty objete analizg, wsrod ktorych znalazto si¢ 308 0sob (125 w grupie A
1 183 w grupie B). Niemniej jednak wystarczylo to, aby uzyskac¢ istotnosc¢ statystyczng
wyznaczonego wspotczynnika ryzyka wzglednego (RR = 2,11 [95% CI 1,47-3,05], I? =
15,19%, Q Cochrana = 3,54). Gtownym ograniczeniem publikacji nr 4 byt rodzaj prac,
na ktorych oparto metaanalize. Opisy przypadkoéw i ich serie stanowig najnizszy poziom
dowodu naukowego. Metaanaliza na ich podstawie zostala wykonana dlatego, iz
pourazowa niestabilnos$¢ ztgcza kregowo-podstawnego jest zjawiskiem na tyle rzadkim,
ze wigkszo$¢ badaczy raportuje ja jedynie w niewielkich grupach lub lacznie z innymi
przyczynami bez analizy w podgrupach. To sprawia, ze defragmentacja danych z catlej
proby do podgrupy pourazowej jest czgsto niemozliwa, a wigc badanie takie nie moze
by¢ wlaczone do metaanalizy. Innym ograniczeniem tej publikacji byt przedziat lat, z
ktorych prace byly akceptowane, co znacznie zredukowato liczbe wlaczonych prac oraz
pacjentow. Wybrano okres jedynie ostatnich pigciu lat ze wzgledu na postgpy w
resuscytacji przedszpitalnej, diagnostyce obrazowej i technikach operacyjnych. To
pozwolito na zwigkszenie homogennosci zakwalifikowanych przypadkéw kosztem ich
mniejszej liczby. W publikacji nr 5 uzyto tylko jednego narzedzia do oceny jakosci zycia
(EQ-5D), podczas gdy istnieje znaczna liczba innych kwestionariuszy, w tym na przyktad
36-Item Short Form Survey (SF-36), jej dwunastopunktowy odpowiednik (SF-12) czy
Kwestionariusz Oswestry (ODI). Narzedzie EQ-5D zostato wybrane ze wzgledu prosta
dla pacjenta formule, jego powszechny uzytek w chirurgii kregostupa oraz istniejace
tabele uzytecznosci sprofilowane dla populacji polskiej *1>116  Dodatkowym

ograniczeniem tej publikacji byla heterogennos¢ badanej grupy pod katem przyczyny
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CCI. Ze wzgledu na rzadkosc¢ niestabilnosci ztacza kregowo-podstawnego, ograniczenie

to jest mozliwe do zaadresowania jedynie w duzych badaniach wieloosrodkowych.
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7. Podsumowanie i wnioskKi

Dokonana analiza wynikow leczenia niestabilnosci w obrebie ztgcza kregowo-
podstawnego z wykorzystaniem srub przeznasadowych w krggu C2 wskazuje, iz majg
one wielowymiarowy charakter. Przeprowadzone i opublikowane badania pozwolity na

wyciggnigcie nastepujacych wnioskow:

1. Jako ze bezposrednie, okolooperacyjne wyniki moga zosta¢ poprawione poprzez
brak jatrogennego uszkodzenia tetnicy kregowej sSrubg przeznasadows, kluczowa
jest precyzyjna analiza cie$ni C2 pod katem obecnosci HRVA oraz nasad C2
celem identyfikacji NP. Jak wykazano, te dwa anatomiczne warianty nie sg
rzadko$cig zarowno w populacji polskiej, jak i globalnej. Pomiary radiologiczne
ciesni 1 nasad C2 powinny by¢ wykonywane na etapie planowania
przedoperacyjnego, gdyz maja wysoka zgodno$¢ miedzy roznymi obserwatorami,
w obrgbie jednego obserwatora w réznych punktach czasowych, a takze z
wykorzystaniem r6znych oprogramowan komputerowych. W przypadku istnienia
HRVA i/lub NP, opcja postepowania pozostaja Sruby translaminarne (przez
blaszki tukow), gdyz - jak wykazano - w wigkszosci przypadkow u tych
pacjentow tuki C2 sa wystarczajacej grubosci (Publikacje 11 2).

2. Chorzy z reumatoidalnym zapaleniem stawow maja $rednio ponad dwukrotnie
wyzsze ryzyko posiadania HRVA, a co za tym idzie potencjalnie wyzsze ryzyko
jatrogennego uszkodzenia tetnicy krggowej 1 gorszych wynikow stabilizacji
ztacza kregowo-podstawnego z wykorzystaniem S$rub prowadzonych przez
nasady C2. Jest to o tyle istotne, iz w tej szczegodlnej grupie chorych czesciej
dochodzi do niestabilnosci w obrgbie zlacza wymagajacych stabilizacji
(Publikacja 3).

3. W przypadku niestabilno$ci pourazowej najczesciej wykorzystywang metodg
leczenia jest fuzja C1 (masy boczne) — C2 (nasady). Je$li jednak w tej grupie
chorych wlaczy si¢ potylice do stabilizacji, a majg oni niestabilno$¢ wytacznie
szczytowo-obrotowg (C1-C2) bez wspotistniejacej dyslokacji szczytowo-
potylicznej (C0-C1), wowczas wyniki leczenia rozumiane jako stan
neurologiczny na wizycie kontrolnej, moga by¢ gorsze (Publikacja 4).

4. Stabilizacja  zlacza  krggowo-podstawnego z  wykorzystaniem  $rub
przeznasadowych poprawia jakos$¢ zycia pacjentdw z niestabilno$cia w obrgbie

ztacza kregowo-podstawnego, jednak jakos¢ ta nadal jest ponizej dolnego
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10.

kwartyla w stosunku do populacji ogdlnej dopasowanej do wieku. Predyktorami
HRQoL na wizycie kontrolnej po stabilizacji przeznasadowej ztacza kregowo-
podstawnego sg wiek oraz dlugo$¢ hospitalizacji. Im starszy pacjent oraz im
dtuzej jest hospitalizowany, tym przewidywalnie bedzie miat gorszg jakos¢ zycia
zwigzang ze zdrowiem na wizycie kontrolnej. Parametr przedoperacyjnej
odlegtosci zeba obrotnika do linii Wackenheima moze korelowa¢ z HRQoL na
wizycie kontrolnej. Dolaczenie kosSci potylicznej do stabilizacji moze nie

wplywac istotnie na HRQoL (Publikacja 5).
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10. Spis rycin i tabel

Wstep rozprawy doktorskiej

Rycina 1 Model przedstawiajacy ztgcze kregowo-podstawne. A - widok z przodu. B -
widok z tytu. C - widok z boku od stronu prawej. Zrodto wiasne. Strona 6.

Rycina 2 Zdjecie RTG w projekcji bocznej (A), przednio-tylnej z otwartymi ustami (B)
oraz rekonstrukcja trojwymiarowa tomografii komputerowej (C) ukazujace stan po
stabilizacji szczytowo-obrotowej metoda Goela-Harmsa. Zrodto whasne. Strona 8.
Rycina 3 Zobrazowanie parametrow wykorzystywanych do zdefiniowania wysoko
biegnacej tetnicy kregowej. Przekroj strzalkowy przez staw szczytowo-obrotowy 3 mm
dobocznie od bocznego brzegu kanatu krggowego. VA - tetnica krggowa. Linia z dwoma

grotami - wysoko$é wewnetrzna. Linia - wysokosé ciesni. Zrédto wiasne. Strona 10.

Publikacja 1

Figure 1 Artist’s rendition of the sagittal section through the C2 articular processes: a,
internal height determined as the shortest distance from the outer margin of the C2
transverse foramen to the surface of the superior articular process; and b, isthmus height,
defined as the thinnest part of the C2 isthmus.

Figure 2 (A) Axial computed tomography scan through the C2 transverse processes
showing the point 3 mm lateral to the lateral margin of the spinal canal and (B) sagittal
reconstruction showing the high-riding vertebral artery. Solid line indicates the internal
height and dashed line, the isthmus height. (C) A sagittal slice of the normal transverse
foramen without the high-riding vertebral artery.

Figure 3 Flow chart showing the selection process

Figure 4 Forest plot of random effects model demonstrating pooled prevalence (Prev) of
the high-riding vertebral artery in subjects without rheumatoid arthritis (20.9%; 95%
confidence interval [CI], 16.5% - 25.8%; 1> = 87.5%; Cochran Q = 111.6; P < 0.001).
Table 1 Summary of Included Studies. HRVA, high-riding vertebral artery; CT,
computed tomography; NR, not reported.

Table 2 Summary of Risk of Bias Assessment Using an Anatomical Quality Assessment
Tool

Table 3 Juxtaposition of Overall Prevalence, Sensitivity, and Subgroup Analysis. HRVA,
high-riding vertebral artery; CI, confidence interval; RA, rheumatoid arthritis. *Number

of sides.
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Publikacja 2

Figure 1 Rendition of the sagittal scan through atlantoaxial facetal joint showing
measurements of the C2 internal height (*) and C2 isthmus height (**) that are used in
the definition of the high-riding vertebral artery. Open access figure from Tomasz
Klepinowski et al 2020 [1]. Original Publisher: Springer Nature (Creative Commons
Attribution 4.0 International License http://creativecommons.org/licenses/by/4.0/).
Figure 2 a Exemplary measurements of C2 pedicle width. Normal width on the right side.
Narrow pedicle on the left side. b Normal C2 isthmus height (solid line) and C2 internal
height (arrow line). ¢ A side with a high-riding vertebral artery. Short C2 isthmus height
(solid line). Short C2 internal height (arrow line)

Figure 3 A forest plot of the updated European prevalence of the high-riding vertebral
artery. *this study

Table 1 Interobserver, intraobserver, and inter-software agreement coefficients.
*reliability categories were defined as follows: < 0.20 poor agreement, 0.21-0.40 fair,
0.41-0.60 moderate, 0.61-0.80 good, and > 0.80 excellent agreement. HRVA, high-
riding vertebral artery. C2P, C2 pedicle

Table 2 Comparison of mean measurements between males and females. C2IsH, C2
isthmus height. C2InH, C2 internal height

Publikacja 3

Figure 1 Sagittal section of atlantoaxial facetal joint. High-riding vertebral artery is
defined as isthmus height <5 mm or/and internal C2 height <2 mm measured at the level
3 mm lateral to the lateral border of spinal canal. SAF, superior articular facet. IAF,
inferior articular facet. VA, vertebral artery. *Internal height. **Isthmus height. Ant.,
anterior. Post., posterior. Sup., superior. Inf., inferior

Figure 2 A flow diagram depicting the study selection process

Figure 3 A funnel plot illustrating quantitative assessment of the risk of bias

Figure 4 A forest plot of the analyzed studies indicating that rheumatoid arthritis is a risk
factor for high-riding vertebral artery

Table 1 Characteristics of the included studies. RA patients with rheumatoid arthritis.

HRVA high-riding vertebral artery
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Table 2 Tabular display of the Newcastle-Ottawa Scale summarizing qualitative
evaluation of the risk of bias. A maximum number of stars that could be awarded was as

follows: four for selection, two for comparability, three for outcome

Publikacja 4

Figure 1 A flow diagram depicting the process of including studies into the review and
meta-analysis

Figure 2 A graph showing levels of instrumentation that were addressed most frequently.
A number of patients with fusion at a given level are shown above the bars

Table 1 PICOS acronym describing characteristics of this review study. AAD,
atlantoaxial dislocation; AOD, atlantooccipital dislocation; ASIA, American Spinal
Injury Association Impairment Scale; mJOA, modified Japanese Orthopedic Association
score; NDI, neck disability index

Table 2 Inclusion and exclusion criteria for the studies screened and checked for
eligibility

Table 3 Summarized reviewed studies.

Table 4 Multiple linear regression model to determine factors associated with

neurological status at follow-up visits in patients with craniovertebral junction dislocation

Publikacja 5

Figure 1 Distribution of the (A) preoperative and (B) follow-up domains regarding
health-related quality of life in EuroQol-5D questionnaires.

Figure 2 A graph illustrating multiple regression model with two statistically significant
predictor variables (age and length of hospital stay). HRQoL — health related quality of
life regarded as EuroQol-5 Dimensions-3L summary index.

Table 1 Study group characteristics. CCI — craniocervical instability. HRQoL — health-
related quality of life. IQR — interquartile range.

Table 2 EuroQol-5 Dimensions summary indices and Visual Analog Scale in
craniocervical instability prior to craniocervical fixation, postoperatively, in
comorbidity-matched and age-matched datasets. *Values representing the 25th percentile
of the age-matched population. Values are presented as medians unless stated otherwise.
Age-matched values are retrieved from the study of Golicki and Niewada.[13] EQ-5D:
EuroQol-5 dimensions, CCI: Craniocervical instability, CCJ: Craniocervical junction,

VAS: Visual Analog Scale, N/A: Not available
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Table 3 Summary of the multiple regression model to predict an outcome variable
(health-related quality of life regarded as EQ-5D at follow-up) on the basis of four
predictor variables. Statistically significant predictors are bolded.

Table 4 Summary of the pre- and postoperative radiologic evaluation. *Upper number
describes rho or P value of the preoperative radiologic parameter, lower number describes
rho or P value of the postoperative radiologic parameter. Statistically significant rho/P
values are bolded. a: Adults, p: Pediatrics, ADI: Atlantodental interval, rCCI: Revised
condyle-C1 interval, BDI: Basion-dens interval, BAI: Basion-axial interval, FM:

Foramen magnum, HRQoL: Health-related quality of life.
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11. Streszczenie w jezyku angielskim

Abstract

Introduction: Although craniocervical junction is a durable complex of structures,
certain pathological conditions might lead to its dislocation and instability. One of the
therapeutic options is to stabilize it by means of screw-rod system utilizing transpedicular
C2 screws. Outcomes of this treatment are multimodal and have not been fully studied.
In the early perioperative stage, the most important aspect is to maintain vertebral arteries
intact. These are at a higher risk of injury in cases of high-riding vertebral arteries
(HRVA) and narrow C2 pedicles (NP). Outcome at follow-up, on the other hand, can be
appreciated as neurological status and health-related quality of life (HRQoL). Finally,
since a post-traumatic subgroup has received little attention in the literature, it is

purported that their uniqueness could contribute to a different subset of outcome.

Purpose: (1) To estimate global and regional prevalence of HRVA and NP as they
increase a risk of injuring the artery which worsens the immediate outcome. (2) To
evaluate whether rheumatoid arthritis increases a risk of HRVA. (3) To find characteristic
features of craniovertebral fixation outcomes in a post-traumatic subgroup. (4) To
determine clinically relevant data about HRQoL (baseline, at follow-up, correlates,

predictors) in subjects fused by means of transpedicular C2 screws.

Methods: Meta-analyses were performed to obtain pooled global, regional, and disease-
specific (rheumatoid arthritis) HRVA prevalence. For data on incidence of HRVA and
NP in Polish population, a computed tomography-based study was conducted including
383 consecutive cervical spine scans. Kappa statistics for intraobserver, interobserver,
and inter-software (Syn.govia versus OsiriX MD) agreement coefficients were calculated.
For post-traumatic cohort, a meta-analysis of case reports in literature was conducted
encompassing years 2015-2020. EuroQol-5 Dimensions (EQ-5D) questionnaire was used
to obtain HRQoL prior to and after CCJ fixation. Spearman’s rank correlation rho was
sought for classic radiologic measurements and HRQoL at follow-up. In order to
determine clinical factors influencing the follow-up HRQoL, multiple linear regression

analysis was attempted.

Results: All aims were achieved and published as a series of five full-text articles of a
common theme. In publication 1: a meta-analysis of twenty articles including 3126
subjects was performed. The estimated global pooled prevalence of HRVA in subjects
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without RA was 20,9% (95% CI 16,5 — 25,8%, 1?> = 87,5%, Cochran’s Q = 111,6, p <
0,001). In publication 2: prevalence of HRVA in Polish subjects was 25,3% (95% CI
21,1- 29,8%), whereas at least one NP was seen in 36,8% (95% CI 32,1-41,7%). All
coefficients for intraobserver, interobserver, and inter-software agreement were either
good or excellent. In publication 3: a meta-analysis of four cohort studies was conducted.
A risk ratio of HRVA in patients with RA was estimated at RR = 2,11 (95% CI 1,47 —
3,05, 12 =15,19%, Cochran’s Q = 3,54, p = 0,32). In publication 4: a meta-analysis of 46
papers involving 141 post-traumatic cases was performed. C1-C2 was fused the most
commonly (45,2%), mainly using C2 transpedicular screws. At a mean follow-up of 15,4
months, 27,2% remained neurologically intact. Of those who initially had symptoms,
59% improved, 37% did not change, and 4% worsened. Plating the occiput, especially in
those with pure atlanto-axial dislocation, was associated with deterred recovery (f = -0,3;
p =0,023). In publication 5: Median preoperative EQ-5D-3L was 0,186 (IQR =-0,063 to
0,441). At follow-up, on the other hand, it increased to 0,779 (IQR = 0,356 to 0,868). Age
and length of hospital stay significantly influenced HRQoL at follow-up (p =-0,004; p =
0,049, and B = -0,134; p = 0,010, respectively). Correlation between preoperative
Wackenheim line and post-operative HRQoL was observed (rho = -0,432; p = 0,028).

Conclusions: HRVA is a common variant of VA globally as well as regionally. No
significant continental differences were seen for HRVA. Approximately a quarter of
Poles have at least one HRVA and more than one-third have one NP. Measurements of
HRVA and NP can be consistently reproduced by observers using various software. Thus,
craniovertebral fixation ought to be preceded by careful appreciation of HRVA and NP
as these abnormalities constitute a risk of injuring the vertebral artery. Rheumatoid
arthritis increases the risk of HRVA more than twofold. In post-traumatic subgroup with
mere atlanto-axial dislocation, C1-C2 fusion is a treatment of choice, whereas plating the
occiput could hinder the rehabilitation deterring the neurological recovery. Baseline
HRQoL in subjects with craniovertebral instability is grossly diminished. It can, however,
be improved by means of successful fusion. Longer hospital stay and older age at surgery
might negatively affect HRQoL at follow-up.
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12. Streszczenie w jezyku polskim

Wstep: Zlacze kregowo-podstawne jest wytrzymatym kompleksem kostno-
wiezadlowym, jednak moze niekiedy ulec uszkodzeniu i niestabilno$ci. Jedng z opcji
terapeutycznych jest stabilizacja z wykorzystaniem $rub przez nasady kregu C2. Wyniki
takiego leczenia moga by¢ interpretowane wielowymiarowo i jak dotad nie zostaly w
pelni zbadane. W okresie okotooperacyjnym najwazniejszym aspektem leczenia jest
zachowanie tetnic krggowych w stanie nienaruszonym. Ryzyko ich uszkodzenia jest
istotnie zwigkszone w przypadku wysoko biegnace;j tetnicy krggowej (HRVA) i waskich
nasad C2 (NP). W dalszej obserwacji wyniki moga by¢ rozpatrywane jako stan
neurologiczny oraz jako$¢ zycia zwigzana ze zdrowiem (HRQoL). Unikalng grupa
chorych, ktorych wyniki leczenia sg stabo poznane, stanowig chorzy z niestabilno$cia

pourazows.

Cel: (1) Oszacowa¢ globalng oraz regionalng czgsto$¢ wystgpowania HRVA oraz NP,
jako ze zwigkszaja ryzyko uszkodzenia tetnicy kregowej, co znacznie pogarsza
bezposrednie wyniki leczenia. (2) Ocenié, czy reumatoidalne zapalenie stawow zwigksza
ryzyko HRVA. (3) Wyznaczy¢ klinicznie istotne dane dotyczace HRQoL (bazowa, w
kontroli, korelaty, predyktory) u chorych poddawanych stabilizacji ztacza krggowo-
podstawnego. (4) Zidentyfikowaé charakterystyczne wyniki leczenia w podgrupie

pourazowych niestabilno$ci ztgcza.

Metody: Metaanalizy zostaly przeprowadzone celem uzyskania zbiorczej czestosci
wystepowania HRVA na poziomie globalnym 1 regionalnym, a takze w przypadku
reumatoidalnego zapalenia stawow. Dla okreslenia czestoSci HRVA 1 NP w populacji
polskiej, przeprowadzono badanie oparte na ocenie kolejnych 383 badan tomografii
komputerowych kregostupa szyjnego. Wyznaczono wspotczynnik kappa Cohena dla
oceny zgodnosci miedzy obserwatorami, wewnatrz obserwatora oraz miedzy
oprogramowaniami (Syn.govia versus OsiriX MD). W celu poznania wynikow leczenia
niestabilnos$ci ztgczka kregowo-podstawnego w podgrupie pourazowej, przeprowadzono
metaanalize przypadkéw medycznych opublikowanych w literaturze w latach 2015-2020.
HRQoL zostalo zmierzone ilosciowo stosujac kwestionariusz EuroQol-5 Dimensions
(EQ-5D). Wspodtezynnik korelacji rang Spearmana zostal oszacowany w celu
identyfikacji korelacji pomiedzy klasycznymi radiologicznymi pomiarami zlgcza

kregowo-podstawnego a kontrolng HRQoL. Aby okresli¢ kliniczne czynniki wplywajace
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na kontrolng jakos$¢ zycia zwigzang ze zdrowiem, przeprowadzono analiz¢ wielorakiej

regresji linioweyj.

Wyniki: Wszystkie cele zostaly osiggniete i opublikowane jako spdjny tematycznie cykl
pieciu publikacji. W publikacji 1: wykonano metaanaliz¢ 20 artykutow obejmujacych w
sumie 3126 uczestnikow. Oszacowano globalng czesto§¢ HRVA u chorych bez
reumatoidalnego zapalenia stawdéw na 20,9% (95% przedzial ufnosci [CI] 16,5 — 25,8%;
12 =87,5%; Q Cochrana=111,6; p <0,001). W publikacji 2: czgstos¢ HRVA w populacji
polskiej wyniosta 25,3% (95% CI 21,1 — 29,8%), podczas gdy co najmniej jedng NP
stwierdzono u 36,8% chorych (95% CI 32,1-41,7%). Wszystkie wspotczynniki kappa
Cohena zgodnosci dla r6znych obserwatorow, wewnatrz jednego obserwatora oraz dla
réznych oprogramowan zostaty ocenione jako ‘dobre’ lub ‘znakomite’. W publikacji 3:
metaanaliza czterech badan kohortowych wykazata, ze ryzyko wzgledne wystapienia
HRVA u chorych z reumatoidalnym zapaleniem stawow wynosi 2,11 (95% CI 1,47 —
3,05; 12 = 15,19%, Q Cochrana = 3,54; p = 0,32). W publikacji 4: metaanaliza 46
opublikowanych artykutow zawierajacych sumarycznie 141 przypadkow niestabilnosci
pourazowej w obrgbie zlgcza krggowo-podstawnego dowiodla, ze najczeSciej
stabilizowanym odcinkiem byt C1-C2, gtéwnie przy pomocy Srub prowadzonych przez
nasady C2. W okresie obserwacji §rednio wynoszacym 15,4 miesigca, 27,2% chorych
pozostato bez deficytow neurologicznych. Z tych, ktoérzy przed operacja miato objawy
neurologiczne 59% zaobserwowalo poprawe, 37% nie ulegto zmianie, zas$ u 4% doszlo
do pogorszenia. Dotaczenie potylicy do stabilizacji, zwlaszcza u pacjentow z
niestabilno$cig Czysto szczytowo-obrotowa, bylo powigzane z gorszym wynikiem
neurologicznych na wizycie kontrolnej (B = -0,3; p = 0,023). W publikacji 5: mediana
przedoperacyjnego EQ-5D wyniosta 0,186 (przedzial migdzykwartylowy [IQR] =-0,063
do 0,441). Z kolei na wizycie kontrolnej wzrosto do 0,779 (IQR = 0,356 do 0,868). Wiek
1 dtugo$¢ pobytu w szpitalu znaczaco wptywatly na kontrolne HRQoL (odpowiednio B =
-0,004; p = 0,049 oraz B = -0,134; p = 0,010). Zaobserwowano korelacj¢ miedzy
przedoperacyjnym parametrem Wackenheima a pooperacyjng HRQoL (rho =-0,432; p =
0,028).

Podsumowanie: HRVA jest czesto wystepujacym wariantem tetnicy kregowej zar6wno
globalnie jak i1 regionalnie (w tym w Polsce). Nie zaobserwowano znaczacych roznic
migdzykontynentalnych. Srednio co czwarty Polak moze mie¢ HRVA i nieco ponad jedna

trzecia Polakow moze mie¢ NP. Pomiary HRVA i NP moga by¢ wiarygodnie powtarzane
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przez réznych obserwatorow, przez jednego obserwatora w roznych okresach pomiarow,
a takze z wykorzystaniem r6znych oprogramowan. Dlatego zalecana jest uwazna ocena
HRVA i NP w procesie planowania przedoperacyjnego celem poprawy wynikow leczenia
stabilizacja przez nasady C2. Reumatoidalne zapalenie stawow zwicksza ryzyko
wystgpienia HRVA ponad dwukrotnie. W podgrupie pourazowej najpowszechniej
wykonuje si¢ stabilizacje odcinka C1-C2, za$ dotaczenie potylicy do stabilizacji w
przypadku czystej niestabilnosci szczytowo-obrotowej moze opdznia¢ lub pogarszac
rehabilitacje neurologiczng. Bazowe HRQoL u os6b z niestabilnoscig ztacza kregowo-
podstawnego jest znacznie obnizone, jednak moze by¢ poprawione poprzez zastosowanie
stabilizacji przeznasadowej. Podeszly wiek i przedtuzona hospitalizacja moga

negatywnie wptywa¢ na HRQoL na wizycie kontrolne;j.
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13.1 Przedruk publikacji 1

DRIGINAL ARTICLE

M) Check for updates

Prevalence of High-Riding Vertebral Artery: A Meta-Analysis of the Anatomical Variant
Affecting Choice of Craniocervical Fusion Method and Ilts Outcome

Tomasz Klepinowski', Bartfomiej Pala’, Jagoda Cembil’, Leszek Sagan’

OBJECTIVE: A high-riding vertebral artery (HRVA) has
been defined as a C2 isthmus height of <5 mm and/or in-
ternal height of <2 mm measured 3 mm lateral to the border
of the spinal canal. Its reported prevalence has varied
widely. If overlooked during the approach for craniocer-
vical fusion, injury to the vertebral arteries can occur,
affecting the outcome. The present meta-analysis aimed to
provide the pooled prevalence of HRVAs,

METHODS: A comprehensive database search was
conducted by 3 of us. Peer-reviewed studies that had fol-
lowed the strict definition for HRVAs and had reported its
prevalence were included. The risk of bias was assessed
using the anatomical quality assessment tool. The PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines were followed. The pooled
prevalence was calculated using a random effects model.

RESULTS: The data from 20 studies with 3126 subjects
(7496 sides) were analyzed. The overall pooled prevalence
of =1 HRVA was 25.3% (95% confidence interval [CI],
19.6%—31.5%). The prevalence in those without the most
important confounding factor, rheumatoid arthritis (RA),
was 20.9% (95% CI, 16.5%—25.8%). Patients with RA had a
prevalence of 42.9% (95% Cl, 23.8%—63.1%). The difference
between the non-RA and RA groups was statistically sig-
nificant (P < 0001, test of homogeneity, 'xz). No
geographical differences were noted (P = 0.20, test of

HRVA was present in 70.3% (95% CI, 65.2%—75.2%) and
bilateral in 29.7% (95% CI, 24.8%—34.8%). No left or right
side predilection was found (left, 50.8%; 95% Cl, 33.8%—
67.6%; right, 49.2%; 95% CI, 32.4%—66.2%).

CONCLUSIONS: Craniocervical fusion should be pre-
ceded by examination of the vertebral arteries at the level
of C2 because the presence of HRVAs is common and might
preclude the safe insertion of transarticular or trans-
pedicular screws.

INTRODUCTION

he craniocervical junction is a highly specialized unit that
enables a great range of motion. Anatomically, it consists

of an occipital base, atlas, and axis, with critical neuro-
vascular structures in its immediate proximity. In the case of
craniocervical junction dislocation, reduction with fusion might be
necessary. During fusion, using either transpedicular or trans-
articular screws, the vertebral arteries (VAs) can be injured,
dramatically affecting the outcome.” The estimated risk of this
complication is similar for each of these techniques in patients
with normal anatomy.” Typically, at the level of C2, a VA will
enter the transverse foramen and then make a sharp
posterolateral turn, exiting the foramen more horizontally than
vertically.’ Therefore, a new phrase for the C2 transverse
foramen has been proposed that reflects its 3-dimensional

homogeneity, %?). Among those with HRVA, unilateral  shape—a vertebral artery cave.” These curvatures make the VA
Key words RA: Rheumatoid arthritis

= Atlantoaxial fusion VA: Vertebral artery

= (2 isthmus
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CT: Computed tomography
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prone to an anomalous course, 1 of which is a high-riding verte-
bral artery (HRVA). The HRVA has been defined as a C2 isthmus
height of <5 mm and/or an internal height of <2 mm measured 3
mm lateral to the border of the spinal canal™* (Figures 1 and 2).
The presence of an HRVA, either unilateral or bilateral, will
increase the risk of unsuccessful transarticular fixation and, at
times, could completely preclude the safe insertion of the
screws. If fusion is necessary in a patient with an HRVA,
translaminar or spinous process bifid base screws could be
applied on that side because they pose a much lower risk of
injuring the vessel,®® although they do not have adequate po-
tential for reduction maneuvers. Thus, preoperative awareness and
early identification of the HRVA are essential for the choice of the
fusion method and the outcome. At present, great discrepancy
exists in the reported data regarding the prevalence of this critical
variant, from as little as 8.3% to as high as 40.3%.”"” The present
study aimed to present the evidence-based pooled prevalence of
the HRVA.

METHODS

Search Strategy

The following databases were systematically searched indepen-
dently by 3 of us (T.K., P.B., and ].C.): Web of Science, PubMed
MEDLINE, EMBASE, SciELO, and the China National Knowledge
Infrastructure. The search terms included “high-riding vertebral
artery,” “high-riding vertebral groove,” high-riding transverse fo-
ramen,” “Cz isthmus,” “high-ride vertebral artery,” “HRVA,” “axis
isthmus,” and “axial isthmus.” The PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines for
systematic reviews and meta-analyses were followed. Titles were
imported into Mendeley Desktop, version 1.19.4 (Mendeley, Ltd.,
London, United Kingdom) and converted into bibliographic data,
and the duplicates were removed. Relevant references of the
included studies were checked for any studies missed during the
primary search.

Eligibility

The inclusion criteria were as follows: 1) data on the prevalence of
>1 HRVA per person and/or the prevalence of the sides with an
HRVA; and 2) the use of the HRVA definition reported by Neo
et al.> of HRVAs (Cz isthmus height of <5 mm and/or an internal
height of <2 mm measured 3 mm lateral to the border of the
spinal canal). Measurements of the isthmus should be taken
using the sagittal sections of radiological imaging studies or 3-
dimensional reconstructions or the sagittal sections of cadaveric
specimens. The exclusion criteria were as follows: 1) studies of
cohorts who had undergone solely unilateral C1-Cz transarticular
fixation (to avoid a possible bias from a greater risk of a unilateral
VA anomaly); 2) studies with overlapping data; 3) case reports; 4)
case series with <1o patients; 5), commentaries; 6) conference
abstracts; 7) letters to the editor; 8) studies with insufficient data;
9) no definition of HRVA provided; and 10) HRVA definition that
was grossly different from that reported by Neo et al.* No language
restriction was imposed—reports in a language other than English
or Polish were translated by fluent speakers of the given language
and then evaluated by us. To avoid data overlap, studies by the
same investigators were scrutinized more closely to determine

whether the period for patient recruitment and/or the inclusion
criteria had overlapped.

Data Extraction

We sought to extract the following data: 1) total number of sub-
jects; 2) number of subjects with >1 HRVA; 3) number of sides
evaluated; 4) number of sides with HRVA; 5) HRVA prevalence
stratified by gender; 6) number of patients with rheumatoid
arthritis (RA); 7) number of HRVAs in the patients with RA; 8)
number of patients without RA in the studies with mixed non-RA
and RA populations; g) number of patients without RA who had
had >1 HRVA; 1o) imaging modality; 11) geographical location;
and 12) laterality of the HRVAs. If a report was missing relevant

C1

Figure 1. Artist’s rendition of the sagittal section through the C2 articular
processes: a, internal height determined as the shortest distance from
the outer margin of the C2 transverse foramen to the surface of the
superior articular process; and b, isthmus height, defined as the thinnest
part of the C2 isthmus.
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Figure 2. (A) Axial computed tomography scan through
the C2 transverse processes showing the point 3 mm
lateral to the lateral margin of the spinal canal and (B)
sagittal reconstruction showing the high-riding vertebral

artery. Solid line indicates the internal height; and
dashed line, the isthmus height. {C) A sagittal slice of
the normal transverse foramen without the high-riding
vertebral artery.

data (eg, number of affected sides, laterality), the corresponding
investigators were queried by e-mail.

Risk of Bias Assessment

A quality check and risk of bias assessment of the anatomical
studies included in the present meta-analysis were conducted
using the anatomical quality assessment tool.” Two of us (T.K.,
B.D.) used the anatomical quality assessment tool separately for
all analyzed studies. If discordance was encountered, a senior
coauthor (L.S.) was consulted to reach a consensus. Each study
was assessed for 5 domains: 1) objectives and subject
characterization;  2)  study  design; 3)  methodology
characterization; 4) descriptive anatomy; and 5) reporting of the
results. Next, the risk of bias within the domains was recorded
as low, high, or unclear. If the answer to a significant question
within a domain was “no,” consensus was reached regarding
whether the entire domain should be considered high risk or
low risk. However, if >2 questions had been answered “no,”
that domain was instantly recorded as high risk.

Statistical Analysis

Statistical analysis was performed using MetaXL, version 5.3
(EpiGear International Pty., Ltd., Brisbane, Australia) and Statis-
tica, version 13.3.0 (TIBCO Seftware Inc., Cracow, Poland). For the
single-categorical variables, the pooled prevalence was estimated
with the corresponding g95% confidence intervals (Cls). Hetero-
geneity was evaluated using the I* and y” values. The I value was
interpreted as follows: 0% to 40%, might not be important; 30%
to 60%, might represent moderate heterogeneity; 50% to go%,
could represent substantial heterogeneity; and 75% to 100%,
considerable heterogeneity present. The level of significance for
the Cochrane Q P value was arbitrarily set to <10% (P < 0.10). In
contrast, the level of significance for the P value of the comparative
tests was set to <5% (P < 0.05). A random effects model for the
meta-analysis of the pooled prevalence was used. The prevalence
stratified by geographical regions was compared using a * test of
homogeneity. In addition, differences stratified by gender or the

presence of RA were compared using a y° test. Differences in the
laterality of HRVA were calculated using the Mann-Whitney U test.

Subgroup Meta-Analysis

In addition to the overall prevalence, we performed subgroup
analyses of the presence of HRVA stratified by gender,
geographical location, laterality, and the presence of concomitant
RA. Because RA has been reported as a possible risk factor for
HRVA," it would have been a confounding factor if those patients
had been included in the main group without addressing those
patients individually. Therefore, the separate analysis for this
subgroup had a scientific rationale.

Sensitivity Analysis

The pooled prevalence was estimated with both the RA and the
non-RA group included to quantitatively measure the hypothetical
influence of RA on the results in the general population.

RESULTS

Inclusion Process and Study Characteristics

The selection process is shown in Figure 3. A total of 20 studies
had met the eligibility criteria.**®*>3*® The study period for
the included studies was from 1997 to 2019. Most of the studies
had been performed in Asia (16 of 20; 80%), 2 (10%) had been
conducted in North America, and 2 (10%) in Europe (Table 1). Of
the 20 studies, 14 (70%) had used computed tomography (CT),
either classic or with 3-dimensional rendering, 4 had used
angiographic CT (20%), and 2 studies were cadaveric (10%). The
20 studies included 3126 patients and 7496 sides with a known
status of the C2 transverse foramen (HRVA vs. non-HRVA).

Quality and Risk of Bias

The greatest risk of bias for the included studies regarded the
method used, with 12 of the 20 having a high risk of bias. The high
risk had mainly resulted from the lack of appropriate measures
taken to reduce inter- and intraobserver variability, no report of
the specialty andfor experience of those assessing the imaging
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Records identified through
database searching
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Additional records identified

through other sources
(n=6)

l

l

(n=237)

Records after duplicates removed

h 4

(n=237)
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(n=182)

Y

r

for eligibility
(n= 55)

Full-text articles assessed

Full-text articles excluded, with
reasons
(n=35)
Conference abstract/poster (n = 2)

h 4

Possible data overlap (n = 4)
Insufficient data (n = 5)

(n=20)

Studies included in
qualitative synthesis

Not relevant (n = 14)
No definition of HRVA or definition
not meeting criteria (n = 10)

r

(meta-analysis)
(n=20)

Studies included in
quantitative synthesis

Figure 3. Flow chart showing the selection process.

studies, and no details provided of the manufacturers of the
equipment used. In the other domains, the risk of bias was mostly
low owing to the strict criteria we had used for eligibility. Of the 20
studies, 16 had had a low risk in terms of the objectives and study
characteristics, 19 had had a low risk in the study design and
descriptive anatomy, and 14 had had a low risk of bias in the
reporting of their results (Table 2).

HRVA Prevalence

The random effects model yielded a pooled prevalence of 20.9%
(95% CI, 16.5%—25.8%; I* = 87.5%; Cochran Q = 111.6; P <
o0.001) for those without RA (Figure 4). The overall prevalence with
both non-RA and RA groups included was 25.3% (95% CI, 19.6%—
31.5%; I* = 92.3%; P < o0.001). Of the 20 studies, 19 (n = 5636
sides) had provided complete data on the side prevalence, which
was estimated at 18.5% (95% CI, 15.1%—22.0%; I' = g0.5%; P <

0.001). The 14 studies that had analyzed 3g9go sides without RA
had reported a prevalence of 16.7% (g5% CI, 12.7%—21.0%; I’ =
91.2%; P < o.001).

Subgroup and Sensitivity Analysis

Regarding the geographical location, the prevalence of HRVAs in
non-RA subjects was the greatest among Europeans (23.93%; 95%
Cl, 20.49%—27.55%), followed by Asians (21.48%; 95% CI,
15.96%—27.56%) and North Americans (19.17%; 95% CI, 2.76%—
43.20%). The difference, however, did not reach statistical sig-
nificance (P = 0.20, ¥%- test of homogeneity) possibly because of
the low number of studies from outside of Asia (Table 3). Among
the patients with RA, an HRVA was present in 42.91% (95% CI,
23.79%—63.11%; IF = 04.68%; Cochran’'s Q = 8.49). The
difference between the RA and non-RA groups was statistically
significant (P < o.o001, %¥* test). Overall, women were more likely
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Table 1. Summary of Included Studies

HRVA

Geographical Imaging Subjects; Prevalence Prevalence of
Study Location Modality Sides (n) Overall (%) Sides with HRVA (%)
Abou Madawi et al.,'® 1997 Europe Cadaveric 50: 100 2 14
Ankith et al.'* 2019 Asia cT 930; 1860 116 8.1
Chung et al..” 2005 Asia CT. 67, 134 40.3 265
Elgafy et al.' 2014 North America cT 100; 200 32 21
Higashino et al.,'® 2009 Asia cT 129; 258 26.4 26
Kim et al.,"” 2008 Asia ) 166; 337 723 145
Kothari et al.,'® 2019 Asia CT 210; 420 200 14.0
Lee et al,'® 2017 Asia CT 180; 360 400 212
Lee et al.” 2007 Asia cT 12; 24 250 16.7
Li et al.'’ 2017 Asia CT 72; 144 8.3 42
Li et al.”' 2019 Asia Angiographic CT 120; 240 NR 31.25
Maki et al.** 2016 Asia Angiographic CT 100; 200 28.0 170
Mandel et al.,”® 2000 North America Cadaveric 205; 410 17 6.6
Moon et al.” 2018 Asia Angiographic CT 100; 200 31.0 230
Neo et al.” 2005 Asia CT 43; 86 233 14.0
Park et al.” 2019 Asia cT 251; 502 359 25
Pruthi et al.” 2018 Asia cT 33; 66 NR 379
Vangk et al.,”® 2017 Europe Angiographic CT 511; 1022 241 15.0
Wajanavisit et al.”’ 2016 Asia cT 200; 400 NR 165
Yeom et al.”? 2013 Asia CT 269; 538 NR 14.5
HRVA, high-riding vertebral artery; CT, computed tomography; NR, not reported.

to have >1 HRVA (26.82%; 95% CI, 19.58%—34.73%) than were
men (15.20%; g5% CI, 8.16%—23.84%; P = 0.0016, %’ test).
However, with removal of the most confounding factor, the
presence of RA, the gender difference was not statistically sig-
nificant (P = 0.45). In terms of laterality, the left side was affected
at a similar rate as the right side (left side, 50.8%; 95% CI, 33.8%—
67.0%; right side, 49.2%; 5% CI, 32.4%—66.2%; P = 1.0, Mann-
Whitney U test). Twelve studies (n = 584) had assessed the
laterality of HRVA dichotomously (unilateral vs. bilateral) and
reported that in the case of HRVAs, a unilateral HRVA was present
in 69.0% (95% CI, 64.0%—73.9%) and bilateral in 31.0% (95% CI,
26.1%—36.0%; I’ = 32.60; P = 0.129).

DISCUSSION

The reported data have provided a wide range of prevalence of
HRVAs, with a range from 8.3% to <40%. However, the results
from the present meta-analysis have demonstrated that the g5% CI
of the prevalence in the general population without RA ranges
from 16.5% to 25.8%. This prevalence should be considered when
treating patients who require craniocervical fusion, using either
transpedicular or transarticular screws, because it has been proved
that the presence of an HRVA increases the risk of injury with both

techniques and to a greater extent for the latter. The reason a
narrow C2 isthmus, a fundamental principle of the HRVA defi-
nition, also affects transpedicular fixation was clarified by Naderi
et al.”? in 2004. They reported evidence of intimate relationships
between the isthmus and pedicle and suggested a common
name—the pediculoisthmic component.®

RA and HRVA

The results from the present meta-analysis have confirmed the
findings from previous reports that the presence of RA is a risk
factor for HRVA.” The proposed pathophysiology for this
association is the constant throbbing force against the
osteoporotic and chronically inflamed bone, leading to thinning
of the isthmus and shortening of the internal height.*® In the
present study, the estimated prevalence of an HRVA in patients
with RA was 42.9% (95% CI, 23.8%—63.1%) and was
significantly greater compared with that in the patients without
RA (20.9%; 95% CI, 16.5%—25.8%). It remains unknown
whether the disease duration or the use of concomitant steroid
therapy has an effect on the development of HRVAs.
Furthermore, the HRVA prevalence might vary depending on the
RA stage. These, possibly confounding, factors could be
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Table 2. Summary of Risk of Bias Assessment Using an Anatemical Quality Assessment Tool

Risk of Bias
Objectives and Study Descriptive Reporting of
Investigator Characteristics Study Design Methodology Anatomy Results
Abou Madawi et al.,'® 1997 High Low High Low Low
Ankith et al.,'* 2019 Low Low High Low High
Chung et al.’ 2005 Low Low High Low Low
Elgafy et al.,'® 2014 Low Low Low Low Low
Higashino et al.,'® 2009 Low Low Low Low Low
Kim et al.,'” 2008 Low Low High Low Low
Kothari et al.,'® 2019 Low Low Low Low Low
Lee et al.,'® 2017 Low Low High High Low
Lee et al.”* 2007 High Low High Low High
Li etal,' 2017 Low Low Low Low Low
Li et al.”' 2019 Low Low Low Low High
Maki et al.?? 2016 Low Low Low Low Low
Mandel et al,* 2000 Low Low High Low Low
Moon et al.** 2018 Low High High Low Low
Neo et al.* 2005 High Low High Low High
Park et al.” 2019 Low Low High Low High
Pruthi et al.” 2018 High Low High Low High
Vangk et al,*® 2017 Low Low Low Low Low
Wajanavisit et al.”” 2016 Low Low Low Low Low
Yeom et al.” 2013 Low Low High Low Low

addressed in future research. In addition, the presence of RA
significantly affected the prevalence of HRVAs in women
because they develop RA much more frequently than do men.
With removal of RA from the gender subgroup analysis, the
relevant difference diminished to a nonsignificant level (P value
increased from 0.0016 to < 0.45).

Laterality

Although the study by Vanék et al.*® had reported a significant
dominance of the left side in HRVA prevalence, the results from
the present meta-analysis found no such difference (left, 50.8%;
95% CI, 33.8%—67.6%; right, 49.2%; 95% CI, 32.4%—66.2%; P =
1.0, Mann-Whitney U test). However, we have also confirmed the
findings from previous reports that unilateral HRVA is >2 times
more common than the bilateral variant (69.0% vs. 31.0%).

Guide for Clinical Decision-Making

Once a patient has been scheduled for craniocervical fusion, a
cervical spine CT scan and CT angiogram should be obtained.
Both the Cz isthmi and pedicles should be appreciated and
measured. Next, the side dominance of the VA should be

determined. The following scenarios can be encountered and
could affect the choice of the craniocervical fusion method:

1. Unilateral HRVA with an ipsilateral dominant VA: on the HRVA
side, a transarticular screw will be precluded. The use of a

Study Prev(95% Cl) % Waight
Abou-Madawi 199 _— 022 (041,035 57
Ankith 2019 - 012 ( 0,10, 0.14) 83
Chung 2005 E— 033 ( 021, 047) 57
Elgafy 2014 —_— 032 (023 042) 68
Higashino 2009 | —s—— 008 ( 001, 0.19) 52
Kim 2008 —— 0,14 ( 009, 020) 7.4
Kethari 2019 e 020 { 0,15, 026) 7.6
Lee C 2017 e 027 (021, 034) 75
Lee J 2007 033 ( 006, 068) 23
LiG2017| —— 008 ( 003 0.16) 63
Maki 2016 —_— 028 ( 020 037) 68
Mandel 2000 —.— 012 ( 008, 0.16) 7.6
Moon 2018 —_— 026 ( 017, 036) 66
Park 2019 —— 029 (023 035 7.7
Vanek 2017 e 024 ( 020, 028) 82
Overall - 021 ( 0,16, 026) 1000
Q=111,60, p=0,00, 12=87%

o 0,134 0268 0402
Prevalence

0526 067

Figure 4. Forest plot of random effects model demonstrating pooled
prevalence (Prev) of the high-iding vertebral artery in subjects without
rheumatoid arthritis (20.9%; 95% confidence interval [Cl], 16.5%—25.8%;
F = 87.56%; Cochran Q = 111.6; P < 0.001).
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Table 3. Juxtaposition of Overall Prevalence, Sensitivity, and Subgroup Analysis

No. of Studies Pooled Prevalence of

Subgroup (No. of Subjects) HRVA (%; 95% Cl) F Heterogeneity (%) P Value of Cochran Q
Overall, including RA patients 16 {3126) 25.3 (19.6—31.5) 923 <0001
Overall sides, including RA 20 (7496%) 17.8 (14.3—-21.7) 938 <0.001
Only RA patients 4 (125) 42.9 (23.8—-63.1) 64.7 0.037
Laterality 9 (385) 828 <0001

Left 36.4 (23.3—48.9)

Right 36.3 (23.2—-48.8)

Bilateral 27.3 (15.7-394)
Gender

Female 6 (390) 26.8 (19.6—-347) 60.2 0.028

Male 5 432) 15.2 (8.2—23.8) 76.4 0.002
Geographical region

Asia 12 (2168) 215 (16.0—27.5) 86.3 <0.001

North America 2 {305) 19.2 (28—432) 94.1 <0.001

Europe 2 (581) 239 (205-278) 00 0.80
Overall without RA 15 {2934) 209 (16.5—-25.8) 875 <0001
Overall sides without RA 15 (5850%) 159 12.0-20.3) 93.8 <0.001
HRVA, high-riding vertebral artery; Cl, confidence interval; RA, rheumatoid arthritis.
*Number of sides.

transpedicular screw will also result in an increased risk of
dominant VA injury. However, it can be placed with extreme
caution and using intraoperative navigation. The use of an
ipsilateral translaminar screw is an acceptable safe option.

2. Unilateral HRVA with a contralateral dominant VA: on the
HRVA side, a transarticular screw will be precluded. The use of
bilateral transpedicular screws is possible and has often been
used as long as the pedicles are not narrow. However, the use
of an ipsilateral translaminar screw might be the safer option.

3. Bilateral HRVA: for bilateral HRVAs, the use of transarticular
screws is precluded. The use of transpedicular screws will also
be risky, especially on the side of the dominant VA. However,
with the aid of intraoperative navigation, screw placement will
usually be possible. The use of bilateral translaminar screws
will be the safest rescue option for bilateral HRVAs.

4. Bilateral non-HRVA: the use of transarticular or transpedicular
screws Is acceptable and will provide the best fixation.

Study Limitations

Although comprehensive, the present study was not free of limi-
tations. Most of the included studies had a high risk of method-
ological bias because little information was available regarding the
software, manufacturers of the equipment used, or investigators’
specialties, In addition, because most of the data was from Asia,
the global prevalence of HRVAs might differ slightly according to
geographical location. We found that the studies from Australia,

Africa, and South America had not reported any measurements.
Moreover, the present meta-analysis found only 2 studies from
Europe and 2 studies from North America that had met our in-
clusion criteria. Several potentially contributory reports had had to
be eliminated because they had used grossly different or ambig-
uous definitions of HRVAs or no definition at all. Examples of
these definitions included “maximal screw diameter <4 mm” and
“transverse foramen on the path of the ideal screw trajectory,”
which were deemed too risky of bias. Hence, we would recom-
mend that more well-designed studies using a unanimous defi-
nition of HRVAs be conducted in these regions.

CONCLUSIONS

Determining the best approach for craniocervical fusion should be
preceded by examination of the patient’s VA course, especially at
the C2 level, because the HRVA has been shown to be common
and its presence might preclude safe insertion of transarticular or
transpedicular screws. Patients with RA had a greater prevalence
of HRVAs. Further research, minimizing methodological bias,
could provide more evidence and a greater understanding of this
critical anatomical variant that can affect the outcomes of the
craniocervical fusion.
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Abstract

High-riding vertebral artery (HRVA) and narrow C2 pedicles (C2P) pose a great risk of injuring the vessel during C2 pedicle or
transarticular screw placement. Recent meta-analysis revealed a paucity of European studies regarding measurements and
prevalence of these anatomical variants. Three hundred eighty-three consecutive cervical spine CT scans with 766 potential
screw insertion sites were analyzed independently by two trained observers. C2 internal height (C2InH), C2 isthmus height
(C21sH), and C2P width were measured. Kappa statistics for inter- and intraobserver reliability as well as for inter-software
agreement were calculated. HRVA was defined as C2IsH of <5 mm and/or C2InH of <2 mm. Narrow C2P was defined as C2P
width <4 mm. STROBE checklist was followed. Atleast 1 HRVA was found in 25,3% (95% CI 21,1-29,8) of patients (16,7% of
potential sites). At least |1 narrow C2P was seen in 36,8% (95% CI 32,1-41,7) of patients (23,8% of potential sites). Among those
with HRVA, unilateral HRVA was present in 68,0% (95% CI 58,4-77,0), whereas bilateral HRVA in 32,0% (95% CI 23,0—
41,6). No difference in terms of laterality (right or left) was seen neither for HRV A nor narrow C2P. Significant differences were
found between females and males for all measurements. Each parameter showed either good or excellent inter- or intraobserver,
and inter-software agreement coefficients. HRVA and narrow C2P are common findings in Central-European population and
should be appreciated at the planning stage before craniocervical instrumentation. Measurements can be consistently reproduced
by various observers at varying intervals using different software.

Keywords High-riding vertebral artery - Narrow pedicles - C2 isthmus - Craniocervical fusion - Prevalence

Introduction isthmus height (C2IsH) of < 5 mm and/or C2 internal height

(C2InH) of < 2 mm at the level 3 mm lateral to the border of

Craniocervical junction (CCJ) is considered a tiger land in
neurosurgery. Proximity of vitally important structures makes
it difficult to approach. If instrumentation is planned, meticu-
lous attention is paid to the course of vertebral arteries (VAs)
and to the width of C2 pedicles. VA course presents many
anatomical variations, some of them particularly affecting
choice and outcome of craniocervical fusion [8]. A high-
riding vertebral artery (HRVA) has been defined as a C2
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the spinal canal [10, 11]. The presence of this anomaly in-
creases the risk of vascular injury during CCJ instrumentation,
far lateral, or extreme lateral approaches to the CCJ [2, 3].
Recent meta-analysis of global HRV A prevalence highlighted
gaps in the literature as 16 of 20 analyzed studies came from
Asia and only two were of European origin [8]. Given the fact
that body height and genetics differ significantly between
Asian and European subjects, it is rationalized to hypothesize
that craniocervical and cervical measurements might be dis-
tinct in these populations [4, 13]. Prevalence of ossification of
posterior longitudinal ligament is a good example of such
discrepancy in cervical spine between the aforementioned re-
gions [5]. Hence, HRVA and narrow C2 pedicle incidence
should be specified in various human races. Therefore, this
study aims to provide a response to that relevant remark,
aiding the body of neurosurgical literature.

@ Springer
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Methodology
Study design .. Clfacet

A retrospective observational study of 383 consecutive
anonymized computed tomography (CT) scans meeting inclu-
sion criteria was analyzed by two independent observers. All
the scans were made due to medical indications, none solely
for the sake of this research. STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) check-
list was followed to ensure the correct structure. Each item of
the STROBE was addressed.

Sample size estimation

Assuming probability of type I error at 5% (e = 0,05) and the
desired type Il error at 20% ( = 0,2) with statistical power of
the study being arbitrarily set at 80%, the minimum sample
size has been estimated at 383 subjects (766 potential screw
insertion sites) in order to be representative of the general
thirty-eight million people Polish population in the region of
Central Europe.

Patient selection

Inclusion criteria were as follows: (1) adults, (2) CT scan of
the cervical spine with adequate visualization of the atlas and
axis, and (3) correct reformatting of the scans into the sagittal
section. On the other hand, patients were excluded from the
study in case of (1) instrumentation of the upper cervical
spine, (2) any fracture of the C2 vertebra, (3) age less than
18 years, (4) inadequate quality of the study due to excessive
motion or other technical issues, and (5) rheumatoid arthritis.

Software and measurements

All CT scans were obtained using Somatom Sensation 64
(Siemens Healthineers, Erlangen, Germany). Syn.govia
(Siemens Healthineers, Erlangen, Germany) was employed
for the primary measurements. Sagittal imaging was utilized
for HRVA identification, whereas axial scans were used for
pedicle appreciation. HRVA is declared present if C2IsH was
<5 mm and/or C2InH was < 2 mm measured 3 mm lateral to
the border of the spinal canal (Fig. 1 and Fig. 2). Pedicles are
deemed narrow if their width was <4 mm (Fig. 2). OsiriX MD
11.0 (Pixmeo SARL, Bernex, Switzerland) was used for sec-
ondary measurements in order to establish inter-software
agreement. In order to determine whether rescue laminar
screws are an option for subjects with bilateral HRVA or/
and bilateral NP, laminar thickness was measured only in
those individuals. Thin C2 lamina was defined as laminar
thickness < 4 mm measured on axial CT scans.

@ Springer
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Fig. 1 Rendition of the sagittal scan through atlantoaxial facetal joint
showing measurements of the C2 internal height (*) and C2 isthmus
height (**) that arc used in the definition of the high-riding vertebral
artery. Open access figure from Tomasz Klepinowski et al 2020 [1].
Original Publisher: Springer Nature (Creative Commons Attribution 4.0
International License http://creativecommons.org/licenses/by/4.0/)

Interobserver, intraobserver, and inter-software
variabilities

In order to determine interobserver variability, investigator
triangulation was employed: two trained observers (neurosur-
gical resident TK and radiologic resident NZ) were presented
with a uniform PowerPoint slideshow (Microsoft, Redmond,
USA) illustrating measurement methodology as well as ca-
veats of possibly difficult cases to ensure harmonious tech-
nique. The slideshow was ended with a preliminary test of ten
exemplary cases, followed by debriefing and a question-and-
answer session afterward. For quantitative assessment of in-
terobserver reproducibility, kappa statistic (k;) evaluating
agreement between TK and N7 was calculated. On the other
hand, intraobserver variability was established by re-
measuring cases after a period of two to three months. For
this, another kappa statistic (k,) was calculated. For estimation
of inter-software agreement coefficient, the same cases were
re-measured using another software—OsiriX MD 11.0
(Pixmeo SARL, Bernex, Switzerland).

Statistical analysis

Statistical analysis was performed by means of Statistica
13.3.0, TIBCO Software Inc. (Palo Alto, California, USA)
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Fig. 2 a Exemplary measurements of C2 pedicle width. Normal width on
the right side. Narrow pedicle on the left side. b Normal C2 isthmus
height (solid line) and C2 internal height (arrow line). ¢ A side with a

and MetaXL 5.3 (EpiGear International Pty., Ltd., Brisbane,
Australia). The level of significance for the P value of the
comparative tests was arbitrarily set to < 5% (P < 0.05). To
check for normality, a Shapiro-Wilk test was used. Welch’s ¢
test was employed to determine variances. Pearson’s chi-
square test was applied for categorical variables, whereas for
continuous variables Student # for independent samples (in
normal distribution) and Wilcoxon-Mann-Whitney (in non-
normal distributions) tests were used. Possible values for kap-
pa are within a range from — 1 to 1, with 0 tantamount to
randomness, and 1 suggesting perfect reproducibility. As gen-
erally accepted, interpretation of the kappa values was as fol-
lows: < 0.20 poor agreement, 0.21-0.40 fair, 0.41-0.60 mod-
erate, 0.61-0.80 good, and > 0.80 excellent agreement.

Results
Subject characteristics

A total of 383 cervical spine CT scans were analyzed com-
prising 766 potential screw insertion sites. There were 237
females (61,9%) and 146 males (38,1%). Mean age of the
cohort was 43,2 years (range 22-86 years). As determined
by eligibility criteria, none of the subjects had neither fractures
within craniocervical junction, past procedure with cervical
instrumentation, nor rtheumatoid arthritis.

Interobserver, intraobserver, and inter-software reli-
ability coefficients

Assessment revealed that interobserver reliability of the left
HRVA, right HRVA, left pedicle width, and right pedicle
width was excellent (k = 0,848), excellent (k = 0,873), good
(k=0,784), and good (k = 0,784), respectively. Intraobserver
reliability was found excellent for all four measurements with
the following kappa statistics: k = 0,852, k = 0,834, k = 0,864,

62

"& t
high-riding vertebral artery. Short C2 isthmus height (solid line). Short
C2 internal height (arrow line)

and k = 0,912 for the left HRVA, right HRVA, left pedicle
width, and right pedicle width, respectively. Inter-software
agreement between Syn.govia and OsiriX was excellent for
the left HRVA (k = 0,940), good for the right HRVA (k =
0,703), excellent for the left pedicle width (k = 0,896), and
good for the right pedicle width (k = 0,774). Summary of the
agreement evaluation is presented in Table 1.

Measurements and prevalence of high-riding verte-
bral arteries and narrow pedicles

Mean left C2IsH was 7,4 mm (SD = 2,4 mm). Mean right
C2IsH was 7.9 mm (SD + 2,5 mm). Mean left C2InH was
6,7mm (SD + 2,6 mm). Mean right C2InH was 7,4 mm (SD £

Table 1  Interobserver, intraobserver, and inter-software agreement
coefficients

Measurement Cohen’s kappa statistic (k) ~ Reliability category*

Interobserver

Left HRVA 0.848 Excellent
Right HRVA 0.873 Excellent
Left narrow C2P 0.784 Good
Right narrow C2P  0.795 Good
Intraobserver

Left HRVA 0.852 Excellent
Right HRVA 0.834 Excellent
Left narrow C2P  0.864 Excellent
Right narrow C2P 0.912 Excellent
Inter-software

Left HRVA 0.940 Excellent
Right HRVA 0.703 Good
Left narrow C2P 0.896 Excellent
Right narrow C2P  0.774 Good

*reliability categories were defined as follows: < 0.20 poor agreement,
0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 good, and > 0.80 excellent
agreement. HRVA, high-riding vertebral artery. C2P, C2 pedicle

@ Springer
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2.7). Mean left C2P width was 5 mm (SD + 1,5 mm). Mean
right C2P width was 5,4 mm (SD + 1,6 mm). Prevalence of at
least one HRVA was calculated to be 25,3% (95% CI 21,1-
29,8) of subjects and 16,7% (95% CI 14,2-19.4) of potential
screw insertion sites. Among individuals with HRV A, unilat-
eral HRVA was present in 68,0% (95% CI 58,4-77,0), where-
as bilateral HRVA was seen in 32,0% (95% CI 23,0-41,6).
There was no statistically significant difference in terms of
laterality: the left side showed prevalence of 56,6% (95% CI
47,9-65,1), and the right was found in 43,4% (95% CI 34,9—
52,1). In male, at least ] HRV A was seen in 16,4% (95% CI
10,8-22.9), whereas in female in 30,8% (95% CI 25,1-36,8).
Prevalence of at least one C2 narrow pedicle was 36,8% (95%
CI 32,1-41,7) of patients and 23,8% (95% CI 20,8-26,8) of
potential screw insertion sites. Unilateral NP was present in
70,9% (95% CI 63,1-78,2), whereas bilateral NP was found
in 29,1% (95% CI 21,8-36,9). Among those with NP, there
was no significant side predilection: left 55,4% (95% C148,2—
62,6) vs right 44,6% (37,4-51,8). As for gender predisposi-
tion, 30,8% (95% CI 23,6-38,6) of men and 40,5% (95% CI
34,3-46,8) presented NP. Relevant mean values of measure-
ments in men and women differ significantly (Table 2).

Laminar thickness measurements for rescue screws

Among the subjects with bilateral HRVA, mean thickness of
the left lamina was 5,48 mm (SD £ 1,21) on the left and
5,33 mm (SD =+ 0,97) on the right with only four (13,3%)
and three (10%) being thin (< 4 mm), respectively. In subjects
with bilateral NP, mean left C2 laminar thickness was
5,49 mm (SD =+ 1,06), whereas for the right, it was 5,45 mm
(SD + 0,83) with only 3 (7,3%) and 1 (2.4%) being thin,
respectively.

Discussion
The results of this CT-based study confirm that high-riding

vertebral arteries and narrow C2 pedicles are relatively com-
mon. As global prevalence of HRVA has been estimated at

Table 2 Comparison of mean measurements between males and
females

Measurement Male [mm] Female [mm] P

Left C2IsH 83 6,2 < 0,001
Left C2InH 75 6,9 < 0,001
Right C2IsH 8.8 7.4 0,02
Right C2InH 82 6,9 < 0,001
Left C2 pedicle width 54 4.8 < 0,001
Right C2 pedicle width 57 52 < 0,001

C2IsH C2 isthmus height. C2Inff C2 internal height
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20,9% (95% CI 16,5-25,8%), the findings of this paper fit into
the given confidence interval. Global prevalence of narrow
C2P has not been studied, yet. However, its prevalence that
was delineated here appears to be higher than showed by
Asian researchers (Yeom et al in 2013) among Korean popu-
lation (23,8% vs 9,5% of potential screw insertion sites).
Possible explanation might be regional ethnical differences
in the anatomy of high cervical spine [4].

Updated European prevalence of HRVA

Klepinowski et al. in 2020 conducted a comprehensive meta-
analysis which presented global prevalence of HRVA.
However, the regional prevalence analysis was of a limited
value because of the small number of European studies. In
fact, only two European papers were found eligible at that
time, with one greatly outweighing the other. Therefore, the
authors decided to aid the body of neurosurgical literature and
proceed with the high-quality study. Including the present
paper (Klepinowski 2021%), the updated European prevalence
of at least one HRVA among a total of 944 subjects [1, 12] is
now estimated at 24,52% (95% CI 21,83-27.32, FF = 0,0 [0
32,7], Cochran Q = 0,31; random-effects model) (see Fig. 3).
Comparing to the previously estimated prevalence, the up-
dated one has narrower confidence interval, and the weight
is more evenly distributed across the studies.

Clinical implications

As it was recently noted, the most commonly employed meth-
od of managing both post-traumatic and rheumatic
craniovertebral dislocation is Goel-Harms C1 lateral mass-
C2 pedicle screw placement [6, 7]. This procedure has be-
come a gold standard thanks to polyaxial screws that provide
a solid bicortical purchase. Yet it is imperative to pay close
attention preoperatively to two critical aspects: course of ver-
tebral arteries and width of C2 pedicles. Practical guidelines
for choice of craniocervical fusion method in case of HRVA
have been published by the authors elsewhere [8]. The same
pertains to the presence of C2 narrow pedicles, which may
preclude safe screw placement. In those instances, rescue
translaminar screws, laminar hooks, or spinal navigation
might come in handy. As shown, most of the subjects even
with bilateral HRV A or NP have normal C2 laminar thickness
(=4 mm), indicating that there usually exists a viable rescue
option. Moreover, if HRVA or NP is identified early on the
preoperative planning stage, additional steps might be taken to
reduce a risk of injuring the VA. For instance, one may utilize
intraoperative Doppler ultrasound as was elegantly demon-
strated by Lofrese et al [9]. This can smoothly guide a spine
surgeon through the procedure by delineating safe and danger
zones where the VA could be inadvertently damaged.
Therefore, combining the new information from the present
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Study Prev (95% CI) % Weight
Vanek 2017 —— 0,24 ( 0,20, 0,28) 541
Abou-Madawi 1997 -— 0,22 ( 0,11, 0,35) 5,3
Klepinowski 2021* —— 0,25 ( 0,21, 0,30) 40,6
Overalll - 0,25 ( 0,22, 0,27) 100,0
Q=0,31, p=0,86, 12=0%
0,2 0,3
Prevalence

Fig. 3 A forest plot of the updated European prevalence of the high-riding vertebral artery. *this study

study with already existing literature may further increase
safety of the C1-C2 fusion and improve the overall outcome.

Limitations

Although executed with attention to details and focused on
quality, this study is not free from limitations. In spite of the
intraobserver reliability being excellent across all the mea-
surements, the interobserver and inter-software agreement
coefficients were only good for both pedicle sides
(interobserver) and for the right HRVA along with the right
pedicle width (inter-software). This means the overall prev-
alence might slightly differ between clinicians planning the
craniocervical instrumentation. This might also partially ac-
count for differences between researchers across the conti-
nents, yet ethnic background and genetics constitute a more
probable cause.

Conclusions

A quarter of Central-European population have at least one
HRVA, and about one-third of Central-Europeans have at
least one narrow C2 pedicles (a quarter of potential screw
insertion sites). There is no side predilection. In general,
men appear to have larger C2 isthmi and C2 pedicles than
women. Measurements can be consistently reproduced by var-
ious observers at varying intervals using different software.
Thus, both HRVA and narrow C2 pedicles should be looked
for at the planning stage prior to craniocervical instrumenta-
tion in order to choose the safest treatment option.
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Abstract

Rheumatoid arthritis (RA) might lead to atlantoaxial instability requiring transpedicular or transarticular fusion. High-riding
vertebral artery (HRV A) puts patients at risk of injuring the vessel. RA is hypothesized to increase a risk of HRVA. However, to
date, no relative risk (RR) has been calculated in order to quantitatively determine a true impact of RA as its risk factor. To the
best of our knowledge, this is the first attempt to do so. All major databases were scanned for cohort studies combining words
“rheumatoid arthritis” and “high-riding vertebral artery” or synonyms. RA patients were qualified into the exposed group (group
A), whereas non-RA subjects into the unexposed group (group B). Risk of bias was explored by means of Newcastle-Ottawa
Scale. MOOSE checklist was followed to ensure correct structure. Fixed-effects model (inverse variance) was employed. Four
studies with a total of 308 subjects were included in meta-analysis. One hundred twenty-five subjects were in group A; 183
subjects were in group B. Mean age in group A was 62,1 years, whereas in group B 59,9 years. The highest risk of bias regarded
“comparability” domain, whereas the lowest pertained to “selection” domain. The mean relative risk of HRVA in group A (RA)
as compared with group B (non-RA) was as follows: RR=2,11 (95% CI 1,47-3,03), P =15,19%, Cochrane Q = 3,54 with
overall estimate significance of p < 0,001. Rheumatoid arthritis is associated with over twofold risk of developing HRVA, and
therefore, vertebral arteries should be meticulously examined preoperatively before performing craniocervical fusion in every RA
patient.

Keywords High-riding vertebral artery - Craniocervical fusion - Atlantoaxial dislocation - Atlantooccipital dislocation -
Meta-analysis - Rheumatoid arthritis

Introduction

Rheumatoid arthritis (RA) is an inflammatory autoimmune
disease affecting synovial joints as well as other organs with
high morbidity and increased mortality [6]. Among many
skeletal regions, cervical spine is also often disturbed possibly
resulting in atlantoaxial instability [19]. However, little has
been written about the immediate surroundings of the
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vertebral artery at the level of C2 in RA patients (Fig. 1).
Mainly, its anomalies are rather congenital than acquired
[20]. However, recent data suggests that one of its variants,
namely high-riding vertebral artery, might be more common
in patients with RA [8]. High-riding vertebral artery (HRVA)
is defined as internal height of C2 <2 mm and/or C2 isthmus
height <5 mm measured at the level 3 mm lateral to the border
of spinal canal [16]. Identification of HRVA is crucial before
approaching craniocervical junction fusion, as it determines a
surgical method [8]. Modality of imaging used to diagnose
HRVA is usually computed tomography angiograms (CTA).
The overall prevalence of HRVA in general population is
25,3% [8]. It is speculated that in RA it might be higher,
approximately 42,9% [8]. The literature, though, is not unan-
imous, with some papers stating to the contrary [10], and
relative risk (RR) has not been estimated yet. Therefore, a
timely meta-analysis appears to be contributory. To the best
of our knowledge, this is the first attempt in the literature to
provide RR of HRVA for patients with RA. The null
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Fig. 1 Sagittal section of atlantoaxial facetal joint. High-riding vertebral
artery is defined as isthmus height <5 mm or/and internal C2 height <
2 mm measured at the level 3 mm lateral to the lateral border of spinal
canal. SAF, superior articular facet. IAF, inferior articular facet. VA,
vertebral artery. *Internal height. **Isthmus height. Ant., anterior. Post.,
posterior. Sup., superior. Inf., inferior

hypothesis is that the 95% confidence interval RR includes 1,
meaning the risk is not increased for RA patients.

Methods
Search strategy

Two researchers (neurosurgical resident TK & JC) scanned
the following databases: PubMed MEDLINE, Web of
Science, EMBASE, SciELO, and China National
Knowledge Infrastructure. Search terms included *“rheumatoid
arthritis” AND “high-riding vertebral artery,” “high-riding
vertebral groove,” “axial isthmus,” “high-riding transverse fo-
ramen,” “C2 isthmus,” “high-ride vertebral artery,” “HRVA,”
“axis isthmus,” and “vertebral artery.” Time span was not
restricted. The authors strictly followed MOOSE checklist
(Electronic Supplementary Material 1). Titles were imported
into Mendeley Desktop 1.19.4, which was also used for crea-
tion of the bibliographic data. Next, de-duplication was con-
ducted. References of the included articles were tracked in
order to identify any potentially missed papers.

Eligibility

The following inclusion criteria were imposed: (1) cohort
studies with exposed and unexposed groups, (2) patients with
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rheumatoid arthritis as an exposed group, (3) subjects without
rheumatoid arthritis as an unexposed group, (4) information
on incidence of HRV A per person, and (5) Neo’s and Bloch’s
definition of HRVA (intemal height <2 mm and/or C2 isth-
mus height <5 mm measured at the level 3 mm lateral to the
border of spinal canal). Of note, the above-mentioned mea-
surements incorporated into the definition of the HRVA had
to be taken in sagittal section of computed tomography (either
classic or CTA). Exclusion criteria were determined as (1)
groups who were operated on by means of unilateral C1-C2
transarticular fixation (in order to avoid a possible bias due to
a high risk of unilateral HRVA), (2) papers with overlapping
data, (3) case reports, (4) cohort studies with a total number of
patients less than 10, (5) letters to the editors, (6) commentar-
ies, (7) conference abstracts, (8) insufficient data, (9) no def-
inition of HRVA, (10) reviews, (11) surveys, and (12) errata.
English language was not a condition—articles in other lan-
guages were translated by proficient speakers of the given
language and then evaluated by the authors. In order to avoid
data overlap, studies of the same authors were given a partic-
ular attention so as to identify any overlapping recruitment
timeline or inclusion criteria.

Data extraction

Two authors did the data extraction independently into the
spreadsheet of Microsoft Excel 2016 (Redmond, USA).
Pieces of information aimed to be extracted were as follows:
(1) number of subjects without RA, (2) number of subjects
with RA, (3) number of non-RA subjects with HRVA, (4)
number of RA patients with HRVA, (5) geographical location,
(6) age, and (7) sex. If an article was lacking important data,
corresponding authors were communicated with.

Risk of bias assessment

Quality check and risk of bias assessment of the studies in-
cluded in this meta-analysis were conducted by means of
Newecastle-Ottawa Scale (NOS) as well as by evaluation of
the funnel plot symmetry. Two researchers (neurosurgical res-
ident TK & JC) assessed each of the included studies sepa-
rately. In case of discrepancy, a senior neurosurgeon (LS) was
called in so as to reach consensus. All articles were evaluated
based on three domains: (1) selection, (2) comparability, and
(3) outcome. A maximum of stars that could have been
awarded for each domain was as follows: for “selection” four
stars, for “comparability” two stars, and for “outcome” three
stars. Lack of any stars in a given domain meant the risk of
bias was high. At least one star but shy of a maximum meant
the risk of bias of moderate. A maximum number of stars
meant the risk of bias was low. For the sake of “outcome”
domain in NOS, an adequate period of the established diag-
nosis of RA was arbitrarily set to at least 2 years.
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Statistics

Meta-analysis was conducted by means of MetaXL 5.3,
EpiGear International Pty Ltd. (Brisbane, Australia) and
Statistica 13.3.0, TIBCO Software Inc. (Palo Alto, CA,
USA). Relative risk (risk ratio; RR) was calculated with cor-
responding confidence interval of 95%. Heterogeneity was
assessed based on I and chi®. P value was interpreted with
general accordance: 0 to 40%, not important; 30 to 60%, mod-
erate heterogeneity; 50 to 90%, substantial heterogeneity; and
75 to 100%, considerable heterogeneity. Level of significance
for Cochrane Q p value was arbitrarily set to < 10% (< 0,10).
Level of significance for p value of comparative tests was
arbitrarily set to <5% (< 0,05). For heterogeneity lower than
40%, fixed-effects model was planned. In case of heterogene-
ity =40%, random-effects model would be adapted.

Results
Selection process and study characteristics

A flow diagram shows steps of the selection process (Fig. 2).
Of 346 studies yielded by the initial search (344 from search
engines, 2 from relevant references), 193 left once de-
duplication process was completed. One hundred eighty-four
records are eliminated at the level of'title and abstract screen-
ing (182 from the search engines, along with 2 articles that
were found through references—exclusionary reasons are
shown in Fig. 2). Nine full-text articles were assessed for
eligibility criteria. Finally, 4 studies were deemed eligible
for meta-analysis comprising a total of 308 subjects. One hun-
dred twenty five were in group A (the exposed arm of RA
patients), whereas 183 were in group B (the unexposed arm of
non-RA subjects) [4, 5, 10, 15]. One study [14] was included
in qualitative, but not in quantitative synthesis due to an un-
acceptable risk of bias; therefore, it is addressed separately in
discussion. Mean age in group A was 62,1 years, whereas in
group B 59,9 years. All four studies were of Asian origin.
Details are presented in Table 1.

Risk of bias and quality assessment

Summary of the Newcastle-Ottawa Scale for each study in-
cluded in the meta-analysis is shown in Table 2. In “selection™
and “outcome” domains, all studies presented a moderate risk
of bias. On the other hand, within the “comparability” domain,
most of the studies presented a high risk of bias.
Demonstration that outcome of interest (HRV A) was not pres-
ent at the beginning of the studies was not feasible as it would
have required CT scans prior to establishing diagnosis of RA.
The funnel plot (Fig. 3) indicates that quantitatively only one
study [10] strongly deviated from the rest, yet it had the least
impact upon the mean RR.

Estimated pooled effect

The combined relative risk estimate was RR =211 (95% CI
1,47-3,05), I* =15,19%, Cochrane Q=354, p=0,32. Test
for overall effect was significant with p <0,001. The forest
plot indicates mean distribution of RR across the studies along
with the pooled effect (Fig. 4).

Discussion

Although several papers indicated that RA might pose a risk
of developing HRVA, some small studies stated to the con-
trary. In a small study of Lee J et al., none of three RA patients
had HRVA [10]. Their study had little impact upon the overall
pooled estimate, though. Studies of larger samples and lower
risk of bias state that HRVA are clearly more common in RA
patients. This meta-analysis confirms that, according to the
current data, the relative risk is increased approximately
twofold.

Presumed pathophysiology explaining the findings

Findings of this meta-analysis might be elucidated by progres-
sive reduction of volumetric bone mineral density [18]. RA is
known to induce osteoporosis in multiple ways [11]. It might
be either systemic, periarticular, or focal. Thinning of the

Table 1 Characteristics of the

included studies Study name Total cases RA RA with HRVA (%) Non- Non-RA with HRVA (%)
RA
Chung 2005 67 16 10 (62,5%) 51 17(33,3%)
Higashino 2009 129 90 31 (34,4%) 39 3(7,7%)
Lee J 2007 12 3 0 (0%) 9 3(33.3%)
Moon 2018 100 16 9 (56,3%) 84 22 (26,2%)
RA patients with theumatoid arthritis. FRVA high-riding vertebral artery
@ Springer
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isthmus appears to combine all these three types of osteopo-
rosis. Periarticularly, there is significant loss of trabeculae in
number and in size stemming from prolonged secretion of
pro-inflammatory cytokines, such as tumor-necrosis factor
and interleukin 6. Systemically, disturbed osteoblastogenesis
and enhanced osteoclastogenesis lead to generalized resorp-
tion of both cortical and trabecular bone. Locally, weak and
demineralized bone of C2 vertebra, with transverse foramen
located close to the superior articular facet, is being constantly
thrusted into by the pulsating VA, over time creating a local
effect of furrowing. This erodes the isthmus, rendering it

Table 2 Tabular display of the Newcastle-Ottawa Scale summarizing
qualitative evaluation of the risk of bias

Study name Selection Comparability Outcome
Chung 2005 ¥ ek
Higashino 2009 4 * FH

Lee J 2007 * *

Moon 2018 HH *

A maximum number of stars that could be awarded was as follows: four
for selection, two for comparability, three for outcome
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insufficient in terms of screw placement. Evident cervical ero-
sions in conventional radiographs are noticed in 16% of RA
patients at 9-year follow-up [2] but much more often in CT
scans [8].

Craniocervical fusion in RA patients

Rheumatoid patients’ atlantoaxial joints are prone to inflam-
mation, subluxation, and dislocation [13, 21]. Formation of
pannus around the dens of C2 as well as dens invagination
into the foramen magnum might lead to craniocervical steno-
sis and subsequently to myelopathy of the bulbospinal junc-
tion. Many approaches are available for dens pathologies in
rheumatoid arthritis including transoral release or extreme lat-
eral [1]. Currently, treatment shifts from transoral release and
posterior fusion toward solely posterior fusion, as it has been
proven that craniocervical fixation leads to pannus resolution
at follow-up visits [9]. As craniocervical dislocation in RA
patients is often precipitated by trauma, its management shares
some similarities with post-traumatic patients: for both, levels
of fusion are most often C1-C2, followed by occiput-C2 [3, 7].
Precise insertion of the screws is of a paramount importance.
Failure to notice a high-riding vertebral artery preoperatively
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at the planning stage may lead to choosing a risky method of
craniocervical fusion, ultimately ending up in injuring the VA,
massive blood loss, and neurological deficits. Recently, a de-
tailed guide for clinical decision-making was provided, which
facilitates choice of fusion method depending on the side of
dominance of VA and whether HRV A is unilateral or bilateral
[8]. In ipsilateral HRV A and dominant VA, it is recommended
to either avoid transarticular/transpedicular screw or proceed
only with spinal navigation.

Limitations

A small number of studies are a limitation of the present meta-
analysis. One potentially contributory cohort study of Miyata
etal. [14] had to be rejected from quantitative meta-analysis at
the level of eligibility evaluation due to imprecise definition of
HRVA, as it would have possibly introduced an unacceptable
risk of bias (“the maximum screw diameter that could be
inserted through the isthmus of the axis without breaching
the cortex™). This peculiar definition was followed by oddly
high incidence of HRVA (70,2% in RA vs 15% in non-RA);
therefore, the authors of the present meta-analysis decided not
to include it quantitatively but only consider it in qualitative
pondering. Regional differences in HRVA definition are
prominent. For instance, Paramore et al. [17] from North
America named vertebral arteries high-riding if the transverse
foramen was on the path of ideal transarticular screw trajecto-
ry. As useful as it might appear in day-to-day clinical practice,

Fig. 4 A forest plot of the Study

itis not optimal for comparative research studies due to lack of
standardization. European studies are also not unanimous.
Meyer et al. [12] listed 7 patients with HRVA but did not
provide any definition of it, whereas Czech study of Vanek
et al. [20] adhered to the Asian definition (internal height <
2 mm and/or C2 isthmus height <5 mm measured at the level
3 mm lateral to the border of spinal canal). Besides, among
other limitations, all four studies coming from Asia may ques-
tion validity of the results in other populations. Therefore,
more studies in the future are necessary exploring relationship
between rheumatoid arthritis and high-riding vertebral artery
in the remaining continents. Acknowledging this issue, the
authors of this meta-analysis have commenced a CT-based
cohort study on HRVA of the East European population.
Moreover, it is worth mentioning that 2 of the studies had
relatively wide range of 95% CI, putting significant weight
of the pooled RR into the other 2 studies with narrow 95% CI
(Fig. 4). This weakens the findings of the meta-analysis
highlighting the need for more studies. Additionally, as shown
in the tabular display of NOS (Table 2), the currently available
data, although the best we have now, is flawed with method-
ological bias, especially in terms of comparability.

Conclusion

Rheumatoid arthritis is associated with an increased risk
(RR=2.11[95% CI 1,47-3,05]) of developing a high-riding

RR (95% CI)

| o
L Chung 2005 — 188 ( 1,09, 3.23)
analyzed studies indicating that Higashino 2009 | 4.48 ( 1.46,13,78)
theumatoid arthritis is a risk factor Les J 2007| -~—"t—t+—e 0,36 ( 0,02, 546)
for high-riding vertebral artery Moon 2018 | — 215 (122, 3.97)
Overall | —— 211 ( 147, 3,05)
Q=354, p=0,32, 12=15% |
0 28 56 84 11,2 14

70

RR

@ Springer



2046

Neurosurg Rev (2021) 44:2041-2046

vertebral artery. Therefore, VAs should be thoroughly exam-
ined on CT angiograms before performing craniocervical fu-
sion in these patients. The presence of HRV A might influence
choice of approach. More research studies with better meth-
odology encompassing subjects outside Asia are needed in
order to extrapolate the results.
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Abstract

Although historically considered fatal, with the advent of improved pre-hospital care, traumatic dislocation of the craniovertebral
junction (CVJ) has been increasing in prevalence in neurosurgical centers. As more survivors are reported each year, a timely
review with meta-analysis of their management seems necessary. PRISMA checklist was followed step by step. PubMed and
Web of Science databases were searched using words “craniovertebral junction dislocation” and their corresponding synonyms.
Study eligibility criteria included research studies from 2015 onwards that delineated adult and pediatric patients with confirmed
post-traumatic atlantooccipital dislocation (AOD) or atlantoaxial dislocation (AAD) who survived until proper treatment. Of
1475 initial records, 46 articles met eligibility criteria with a total of 141 patients with traumatic CVJ dislocation. Of the patients,
90 were male (63.8%). Mean age of the cohort was 33.3 years (range 1-99 years). Trauma that most often led to this injury was
road traffic accident (70.9%) followed by falls (24.6%). The majority of authors support posterior instrumentation of C1-C2
(45.2%) especially by means of Goel-Harms method. At mean follow-up of 15.4 months (range 0.5-60 months), 27.2% of treated
patients remained neurologically intact. Of initially symptomatic, 59% improved, 37% were stable, and 4% deteriorated.
Instrumenting the occiput in cases of pure AAD was associated with lower chance of neurological improvement in chi-square
test (p =0.0013) as well as in multiple linear regression (3=— 0.3; p =0.023). The Goel-Harms C1-C2 fusion is currently the
most frequently employed treatment. Many survivors remain with no deficits or improve, rarely deteriorate. Involving the occiput
in stabilization in cases of AAD without AOD might be related with worse neurological prognosis.

Keywords Craniovertebral junction dislocation - Trauma - Atlantoaxial joint - Atlantooccipital joint

Introduction

Craniovertebral junction (CVJ) is a term encompassing
occipitoatlantal and atlantoaxial complex of joints and liga-
ments. The former of the joints is said to provide stability,
whereas the latter is responsible for the wide range of motion,
accounting for more than half of the cervical spine rotation
[1-3]. Dislocation of the junction happens when the integrity
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of the articular capsule is breached and might occur at each of
the joints. Furthermore, it may be of congenital, inflammatory,
or traumatic etiology. Traumatic dislocation of craniovertebral
junction, although once considered fatal, has been proven nu-
merous times that it can be a survivable injury [4]. It is mainly
due to improvement made in the pre-hospital stage of care.
Therefore, more and more survivors are encountered who re-
quire proper stabilization, which can be either conservative or
surgical. Traumatic atlantooccipital dislocation (AOD) consti-
tutes 1% of all injuries to the cervical spine and is believed to
be less common than traumatic atlantoaxial dislocation
(AAD) which constitutes 2.7% [5].

Rationalizing the study, we found no systematic review on
the post-traumatic CVJ dislocation. Hence, considering recent
advances in resuscitation, radiological diagnostic tools, and
increasing choice of neurosurgical options, a timely review
seems necessary. Utilizing the structured guidelines of the
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PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) group has become a standard for high-
quality review studies. As proven by Sampayo-Cordero et al.
in 2018 [6], a meta-analysis of case reports is accurate and
agrees with a meta-analysis of clinical randomized studies and
is dedicated for rare diseases that often times have zero events
in either both arms. Since adequate records of post-traumatic
CV] are reported solely in case reports or case series, a meta-
analysis based on case reports is well rationalized. This study
aims to answer questions of what state-of-the-art treatment
patients with traumatic dislocation of CVJ are currently re-
ceiving, what outcomes they are likely to obtain, and whether
plating the occiput affects patients” outcome.

Materials and methods

PRISMA checklist was followed step by step (Electronic
Supplementary Material No. 1). Participants, interventions,
context, outcome, and study designs are shown in Table 1.
On 17 February 2020, two databases, PubMed Medline and
Web of Science, were perused using search words
“craniovertebral junction dislocation” and their corresponding
synonyms. Full electronic search strategy can be found here
(Electronic Supplementary Material No. 2).

Eligibility criteria included latest research studies from
2015 to 2020 that delineated patients with post-traumatic
craniovertebral junction dislocation. We defined dislocation
as a ligamentous injury with ensuing misalignment of the
facets. Thus, what was searched was radiological evidence
of either obvious loss of facetal contact or positive testing
for classic radiological markers. Concomitant lesions or frac-
tures within the CVJ were acceptable as long as post-traumatic
facetal misalignment was present. Inclusion and exclusion
criteria are shown in Table 2. Extraction of the data from the
gathered reports was conducted by the first author (TK) and
then independently checked and confirmed by the co-authors
(BL and LS) so as to ensure minimal risk of bias of individual
studies. Collected variables included number of traumatic
cases in a given publication, patients’ sex, age, mechanism

of trauma, resultant injury, underlying disease (if present),
therapeutic interventions, levels of fusion, surgical technique,
and outcomes (subjective pain analysis, neurological assess-
ment, fusion rates) at a specified follow-up period.
Conservative treatment information was retrieved only when
there was no subsequent surgery. If a patient received both con-
servative and surgical management, focus was on the latter. Pain
relief as an outcome was noted only if there was pain at presen-
tation. Thus, a documented change in pain intensity after treat-
ment was searched for extraction. Neurological status was
assessed both preoperatively and postoperatively and tendency
was written down. Accepted forms of neurological status assess-
ment were as follows: quantified scores of myelopathic grading
systems such as Japanese Orthopedic Association (JOA) score,
its modified variant (mJOA), American Spinal Injury
Association (ASIA) score, Nurick score, as well as authors” sub-
jective examination. Due to lack of unified neurological assess-
ment methods among the authors, gross tendencies were grouped
into the following categories: remained intact, improved, stable,
and deteriorated. Additionally, fusion rates were collected—
fusion was defined as documented lack of movement of the
stabilized joints assessed on lateral X-ray. Subjective authors’
statement of solid fusion was acceptable. Although subjectivity
adds a risk of bias, we assumed that proper radiological assess-
ment had been done in order to declare fusion. No funding was
expected at the beginning of the study and none was obtained
throughout the process. Statistical analysis of the data was per-
formed by means of Statistica 13 (TIBCO Software Inc.).
Pearson’s chi-square test would be used for categorical variables,
whereas continuous variables would be computed by Wilcoxon-
Mann-Whitney or Kruskal-Wallis test. Multiple linear regression
was used to assess relations between neurological change at
follow-up (dependent variable) and sex, age, type of dislocation,
and plating the occiput (independent variables).

Results

The PRISMA flow diagram shows steps of the inclusion pro-
cess (Fig. 1). Initial search presented 1475 titles. Having

Table 1 PICOS acronym describing characteristics of this review study
Acronym  Definition This study
P Participants Children and adults with post-traumatic AOD, AAD, or both who survived until treatment
1 Intervention Anterior or posterior reduction and instrumentation with levels of fusion and status of occipital
involvement. If there was no surgery, conservative management details of traction and bracing would be presented
C Context Trauma—its mechanism as well as basic demographic data of patients
0] Outcome Neck pain, NDI, JOA, mJOA, Nurick scale, ASIA, subjective improvement, fusion rates
S Study designs Cross-sectional and longitudinal cohort studies, case series (n>3), case reports (n <2)

AAD, atlantoaxial dislocation; AOD, atlantooccipital dislocation; ASIA, American Spinal Injury Association Impairment Scale; mJOA, modified

Japanese Orthopedic Association score; NDI, neck disability index
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Table 2 Inclusion and exclusion

criteria for the studies screened Inclusion criteria

Exclusion criteria

and checked for eligibility
1. Publications from 2015 to 2020

2. Dislocation of atlantooccipital or atlantoaxial joints

3. Trauma as the primary cause (underlying diseases

and fractures are acceptable)

4. Adequate records for evaluation

5. Full text available in English or Polish

6. Treatment method listed

1. Reoperations

2. Commentaries

3. Review articles

4. Radiological articles

5. Insufficient medical history

6. Cadaveric or animal studies

7. Subject died before treatment was employed

8. Dislocation due to non-traumatic causes
(congenital, inflammatory, syndromic)

removed duplicates, 894 titles and abstracts were collected for
screening (Table 3). A total of 46 full-text articles were
deemed eligible for inclusion [3, 7-50]. The highest level of
evidence of the included papers was IV. They comprised 141
cases, 90 of which were male (63.8%), 46 were female
(32.6%), and gender of 5 patients was not stated. Mean age
of the cohort was 39.2 years (range 8 months to 99 years). For
adults mean age was 46.7 years (range 19-99 years). On the
other hand, in the pediatric subpopulation, mean age was
4.9 years (range 8 months to 17 years). Mechanism of injury
was known in 110 patients (78.0%). Among them, the most
common trauma was road traffic accident (n = 78) accounting

for more than two-thirds of the cases (70.9%). Falls were the
second leading cause of the traumatic CVJ dislocation consti-
tuting nearly a quarter of cases (24.6%). Occasionally,
jumping headfirst into the water, assault, epileptic seizure, or
being hit by a falling object might also lead to this condition
(altogether 4.5%). Diagnosis in majority of cases was
atlantoaxial dislocation (62.4%, n=88), followed by
atlantooccipital dislocation (27.7%, n=39) and combined
AAD with AOD (9.9%, n = 14). Most authors go for surgical
management even if initial nonoperative reduction was
achieved. In total, 95.7% (n = 135) were operated on at some
point, either as a primary treatment option or as a result of

Fig. 1 A flow diagram depicting
the Ptﬁwess of mclgdmg StudlleS_ < Records identified through PubMed Additional records identified
into the review and meta-analysis § & Web of Science searching through other sources
= (n=1472) (h=3)
H
<
=
y Y
I Records after duplicates removed
(n=894)
o
<
=
§ A 4
» Records screened | Records excluded
(n =894) e (n=787)
| —
— !
Full-text articles assessed Full-text articles excluded, with
F for eligibility > reasons
3 (n=107) in=61)
L]
T Reoperation (n= 1)
No dislocation (n = 7)
o . Other language (n=2)
— Studies included in Insufficient data (n = 32)
P qualitative synthesis Early death before treatment (n = 1)
(n=46) Non-traumatic causes (n = 15)
Irrelevant (n = 3)
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£ quantitative synthesis
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failed initial conservative management. Levels that were sub-
ject of fusion most frequently were as follows: C1-C2 (45.2%,
n=061), 0-C2 (19.3%, n=26), O-C3 (13.3%, n=18), O-C4
(8.1%, n=11), and C1-C3 (4.4%, n = 6). 8.1% of the treated
(n=11) were either unspecified or other levels (Fig. 2). For
AOD the most common level of stabilization was O-C2
(35.9%, n=14). Similarly for combined AOD with AAD,
0-C2 was usually fused (57.1%, n=8). Choice of level dif-
fered significantly for AAD and AOD (p < 0.001). 43% (n=

6) of all patients were treated conservatively with no subse-
quent surgery. All those nonoperative cases regarded
atlantoaxial dislocation, but none atlantooccipital dislocation.
This, however, was not statistically significant (p = 0.129, chi-
square test). Neurological status prior to treatment was known
in 97.2% (n=137) of patients. Its quantification by means of
JOA, mJOA, Nurick scale, or ASIA was done in 70 cases
(49.6%). The remaining was authors’ subjective examination.
27.2% (n=37) were neurologically intact and remained so at
follow-up, whereas 76.3% (n = 100) had neurological deficits
on initial examination. Among the latter, 59% improved (n =

59), 37% were stable (n = 37), and 4% deteriorated (n =4). Of
all, 49.6% (n = 70) had their occipital bone involved in instru-
mentation. Within the group with initial neurological signs,
patients without the occiput instrumentation were more likely
to improve (48.1% vs 33.3%) and less likely to remain neu-
rologically stable (9.3% vs 41.7%) (p =0.0013, chi-square
test; regards mainly pure AAD patients) at a mean follow-up
of 15.4 months (range 0.5-60 months). Hindered improve-
ment after plating the occiput was observed also in multiple
linear regression model with the following dependent vari-
ables: mean age, sex, type of dislocation, and plating the oc-
ciput (Table 4). Debilitating neck pain was reported preoper-
atively by 43 patients (30.5%). Of those, at follow-up visit,
neck pain improved in 36 patients (83.7%). Change in pain at
a follow-up was not correlated with the status of occipital
plating (p=0.4091). Assessment of fusion rate was done in
81 survivors (57.4%). At follow-up visits, solid fusion was
declared in 76 (93.8%).

Fig.2 A graph showing levels of 50.0%
instrumentation that were 61
addressed most frequently. A 45.0%
number of patients with fusion at
a given level are shown above the
bars
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Discussion

In this study, we touched upon several important aspects. As
Winegar et al. in 2010 noted, neck pain improvement after
treatment of dislocation of CVJ is generally highest in trau-
matic cohort [51]. They had detailed information on pain in 28
post-traumatic cases, and improvement after treatment was
seen in 22 (78.57%). Our review gathered data on pain from
43 patients with improvement of 83.7% (n = 36), confirming a
high rate of pain alleviation in this group. According to the
literature, after cervical injury, over 60% of survivors experi-
ence pain within the first 6 h, over 90% after a day, and
basically everyone after 3 days following the trauma [52].
Fortunately, as we presented, successful stabilization paired
with further rehabilitation can mitigate it better than in cases of
other CV] abnormalities. Importantly, as Debernardi noticed,
if neck pain and stiffness are mild to moderate, it is more likely
to overlook the diagnosis [53].

Atlantooccipital joint is regarded as the most stable joint of
the body, whereas atlantoaxial joint as the most mobile one [1,
54]. Mobility of the latter, however, is the source of its sus-
ceptibility to dislocation. Hence, most cases of the CV] dislo-
cation happen at the atlantoaxial level. Atul Goel is convinced
that majority of AAD do not require involvement of the occi-
put because there is no concurrent AOD [55]. He states that
primary AAD needs only segmental fixation. Extensive
multiple-level stabilization compromises the strength of the
fusion. In addition, immobilization of both crucial units con-
siderably reduces range of motion. Nevertheless, we showed
that 18.2% of patients with pure AAD (rn=16) had
occipitocervical stabilization. This might be even of higher
importance considering the fact that in the presented analysis,
involvement of the occipital bone was associated with lower
chance of neurological improvement and higher risk of neu-
rological stagnation, especially in cases of pure AAD without
AOD. These findings, however, require confirmation in larger
prospective studies. Authors of this review generally accept
Goel’s attitude that occipitocervical fusion is appropriate and

26
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Table 4 Multiple lincar regression model to determine factors
associated with neurological status at follow-up visits in patients with
craniovertebral junction dislocation

Neurological status at follow-up

Variable Ié] 2

Age at operation = 0.08 0.514
Sex (F/M) 0.19 0.120
Type of dislocation (AOD/AAD) 0.12 0.307
Plating the occiput (no/yes) —0.30 0.023

indicated in confirmed atlantooccipital dislocation. Good ra-
diological markers for combined AAD and AOD facilitating
decision-making seem to be basion-dental interval (BDI), re-
vised Cl-condyle interval (rCCI), and basion-axial interval
(BAI) [56]. Especially rCCI with cut-off value of 2.5 mm
has high sensitivity and specificity [56].

Our analysis revealed that a method of fusion which was
chosen most often was Goel-Harms technique. C1-C2 seg-
ment was targeted in 61 patients. Of them, 49 had their con-
struct details reported. Thirty-seven patients (75.5%) had im-
planted screws/rod construct in accordance with Goel-Harms
approach. Rarely did authors from the selected studies choose
wiring, and if so, it was mostly in children. From historical
perspective, wiring was among the first of techniques intro-
duced to the CVJ battlefield. Although wiring has shortest
time to fusion, its failure rate is higher than that of Goel-
Harms’ rod-screw construct passing through the lateral masses
of C1 and the pedicles of C2 [51].

In 1994, Goel introduced a concept of placing screws
into both C1 lateral masses and C2 pedicles [57]. His
initial idea back then was to put it monocortically. It
was not until 2001 when Harms published his work
stressing that bicortical purchase was desired [58].
Harms improved Goel’s approach by applying polyaxial
screws bicortically which provided stability for fully
loaded rod connection. Goel-Harms C1-C2 fixation has
several advantages over the classic Magerl’'s
transarticular technique. First of all, it does not sacrifice
the facets of the first two vertebrae. Omitting disruption
of the capsule renders it potentially reversible which
might save the range of motion after removal of the
construct once the fracture has healed. Also, an angle
required to perform the Goel-Harms stabilization is sig-
nificantly easier to achieve since it is only ~22 degrees
cephalad when compared with ~50 degrees of the
Magerl [59-61]. Finally, the Goel-Harms procedure pro-
vides a way for one-stage open reduction of the dislo-
cation and fusion utilizing the same anesthesia period
and the same positioning [49, 61].

In this paper, sixteen patients (12.4% of the operatively
treated) had translaminar screws implanted. This concept
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was introduced in 2004 by Wright [62]. One of the conditions
that needs to be met is transverse diameter of the lamina larger
than 3.5 mm [63]. Moreover, C1 lateral mass-C2 laminar
method is inferior to Goel-Harms in terms of the stability
during lateral bending and axial rotation [64]. It also poses a
higher risk of damaging the spinal cord [65]. Additionally,
from biomechanical point of view, it is not suitable for longer
subaxial constructions when concomitant instabilities are
present. However, it can be considered a rescue procedure in
situations when C2 pedicle screws cannot be used.

Recently, new techniques began to emerge such as anterior
transcervical or transnasal endoscopic odontoidectomy with
reduction of the dislocation [47, 66, 67]. There was one such
a case in our review. Notably, it is helpful in posterior
atlantoaxial dislocation without associated dental fracture
when the dens moves anteriorly and is challenging to reduce
otherwise. Odontoidectomy might also be performed in a scar-
less fashion. These are, however, limited options for traumatic
patients because of frequent concomitant nasofacial injuries as
the most common mechanism of CVJ dislocation is still high-
speed road traffic accident.

Our review sheds light upon the lack of unison in terms
of methodology of reporting traumatic craniocervical
junction sequelae. Too many potentially contributory pa-
pers had to be excluded because of insufficient data. Post-
traumatic patients are often not distinguished from the
reported cohort because of their relatively small number.
It is understood that merging etiologies of the CVI dislo-
cation produces larger series, but it is at a cost of hetero-
geneity. One solution to this might be providing more
details on the subgroups within the mixed series.
Furthermore, for case reports as well as case series, it is
recommended to furnish detailed and quantified neurolog-
ical examination done prior to surgery and thereafter.
Additional assessment at a distant follow-up would also
be of high informative value. Obviously, for part of post-
traumatic patients, preoperative evaluation is very chal-
lenging due to their poor general state. Those with de-
layed presentation, however, could be examined thor-
oughly with at least one of the following scales: mJOA,
JOA, ASIA, or Nurick.

Limitations

First limitation of this research is absence of evidence stronger
than level IV. Most authors report their cases in small series,
rarely with any control group. Therefore, a meta-analysis
based entirely on case reports/case series was carried out.
This might bias the scientific truth because there is a tendency
to present rather positive outcomes in case reports. Another
restraint might be a scope of years of the included papers. We
believe, however, that some relevant progress had been made
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in the field of resuscitation, diagnostic tools, and neurosurgi-
cal management of the craniovertebral junction dislocation;
therefore, only new publications from the last half a decade
were accepted. Finally, lack of unanimous agreement on the
manner in which outcomes are reported renders the outcome
variable categorical rather than continuous.

Conclusion

Traumatic dislocation of CVJ is no longer equivalent to death.
Due to advances in pre-hospital care, it has become a surviv-
able injury. In-hospital management of choice is timely reduc-
tion, at first close with monitoring the patient’s status. In case
of irreducible dislocation, open reduction is mandatory with
subsequent stabilization. For atlantoaxial dislocation with no
other abnormalities of the cervical vertebrae, posterior C1-C2
fusion with the Goel-Harms method is the most appreciated
approach, currently regarded as the gold standard. For
atlantooccipital dislocation, occipitocervical instrumentation
yields satisfactory results. For combined AAD and AOD, su-
perior extension for Goel-Harms technique towards the occi-
put by means of occipital plating is recommended. Many sur-
vivors remain with no deficits or improve, rarely deteriorate.
Involving the occiput, especially for pure AAD, might be
related with hindered neurological improvement.
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Original Article

EuroQol-5 dimensions health-related quality of life
questionnaire in craniovertebral instability treated
with posterior fixation with or without occipital plating:
A comparative study with matched datasets

ABSTRACT

Objective: Health-related quality of lite (HRQoL) in craniocervical instabiity (GC1) before and affer posterior fixation is yet fo be determined.
This study aimed to deliver novel and cinically relevant data about HRQoL (baseline, at follow-up, predictors, and correlates) in subjects with
CCl treated with posterior figation with or without occipital plating, and to comgpare it with matched datasets,

Methods: EuroQol-5 dimensions (EQ-50) questionnaires were collected to evaluate HRQoL before surgery and al follow-up. Study sample
size wag astimated at 58. Comparison with representative datasets was done by matching on a mamy-to-many basis. Classic CCI paramaters
were measured. Strengthening the Reporting of Observational Studies in Epidemiology was followad.

Results: Sixy subjects were included. The mean age was 37.2 years. The median folow-up for EQ-50 was 26.3 months with interquartile
range {IQR) 10.8 to 47.3 months, The median preoperative score of the 3-level version of EQ-50 (EQ-50-3L) was 0.254 (1OR = ~0.085 to
0.504), whereas at follow-up, it increased to 0,773 (IR = 0.387-0.864) which is still worse than the 25° percentile (0.834) of the age-matched
population. Occipital plating (n = 35; 58.3%) did not influence HAGWL trajectory (P = 0,692). In multiple lingar regression, HRQoL at follow-up
was affected by the age ([} = —0.004; P=0,048) and length of hospitalization ([} = —0.134; P=0.010). Of radiologic measuraments, preoperative
Wackenhaim line correlated with HRQoL at follow-up (tho =—0.432; P=0 — 028},

Conclusions: HROoL is significantly reduced in CCI. Although this can be improved with posterior fixation, it is still worse than the age-matched
population. Cecipital plating may not influence HRCGoL. HRCoL of the eldery might not increase as much as of the younger subjects. The longer
hospitalization, the worse HRQoL could be expacted. Preoperative Wackenheim parameter could comelate with HROoL at follow-up.

Keywords: Atlantoaxial iusion, atlantooccipital fusion, craniocervical fixation, EuroQol-5 dimensions-3L, health-related

quality of life, occipital plating

INTRODUCTION

Craniovertebral junction is a durable complex of
articulations and ligaments." lts instability, however, is
potentially lethal due to vicinity of the eritical neurovascular
structures, " [F the prehospital stage is survived, it
oftentimes requires reduction and instrumentation.
In recent yvears. the most popular technigue of CCJ
stabilization has been C1 lateral mass-C2 pedicle screw
fixation with bicortical purchase.” This procedure was
first introduced by Atul Goel in 1994 and then further
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developed by Harms in 2001.%% CCJ dislocation and
instability are understood to affect patients’ health-related
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guality of life (HRQoL), ™ but the guantification of this
phenomenon is yet to be determined. Moreover, HREQoL
after craniocervical fusion is also unknown.

Therefore, we aim o present the first study of both aduls
and pediatrics, which shall detect the baseline HEQolL before
craniocervical fusion and at follow-up. Furthermore, since
it has been a matter of debate whether inclusion of the
occiput is necessary for the craniovertebral stabilization "
we decided to conduct a direct comparison (HRQoL in groups
with versus without the occipital plating) to aid the debate.
The secondary goal was to determine whether there are
any clinical or radiologic predictors of the follow-up HRQoL,
and to compare the results with comorbidity-matched and
age-matched datasets,

METHODS

Study design

[t is an observational study whose concept has been
reviewed and approved by the Institutional Review Board
(KB-0012/24/04/2020/Z). Patients undergoing posterior
craniocervical juncrion fusion at the rertiary neurosurgical
center due to CCI were reviewed for eligibility criteria,
EuroQol-3 dimensions (EQ-5D) questionnaires were collected
to determine HEQoL prior to surgery and at follow-up via
structured phone interview or directly during an sutpatient
visit. Strengthening the Reporting of Observational Studies
in Epidemiology checklist was followed to provide a structure
of quality.

Sample size estimation

Pwr package in R5tudio was used for the sample size
calculation with "pwirf2.test” function. Based on the
background information from similar studies on HRQol. in
rare cervical spine entities,'™"" the effect size was set at
0.35. Accepting probability of type | error at 3% (o = 0.05)
and expecting type Il error at 20% it = 0.2) with theoretical
power of the study set at typical 50%, and a possible dropourt
rate at 30%, the minimum sample size has been estimated
at 57,149 subjects (rounded up to 38) in the study group for
significance of the multiple linear regression model with one
dependent and four independent predictor variables.

Patient selection

Eligibility was met if (1) a subject suffered from CCl, (2) CCI
was treated with instrumentation using posterior approach,
(3) C1-C2 segment was included in fusion (additional inclusion
of the occiput and/or lower cervical spine were acceptable, and
discrete analysis was planned in advance for those with the
occipul plating], and (4} cause of CCJ dislocation or instability
was known. Radiologic evaluation was addressed if both

preoperative and postoperative computed tomography scans
of sufficient quality were accessible. HRQoL was calculated
if follow-up was available. Patients were excluded from the
study if (1) CCI was treated conservatively without posterior
instrumentation, (2) patients could not comprehend the
meaning of the questionnaire, {31 CT scans were of poor
quality and, therefore, not able to be reformatted into sagittal
sections, and (4) there was prior instrumentation of the
craniocervical junction. The control group for age-matching
on a many-to-many basis was obtained from the representative
national database published by Golicki ef al '='*

Data extraction

The following items were extracted: (1) age at the
time ol surgery, (2] sex, (3} date of the follow-up,
{4) cause of craniocervical dislocation, (5) sympromatology
upon admission and (6] upon discharge. (7} level of
instrumentation, (8) hardware system, (9) occipital
imvolvement in fusion, (10) telephone number, {11) blood
loss (mL), (12) duration of the surgery (minutes), and
{13} duration of the entire hospitalization {days).

Surgical procedure

Every patient was subject to C1-C2 fixation via lateral masses
of C1 and pedides of C2, Adjacem levels were fixed with
respect to medical indications, The procedure was carried
out using either SUMMIT® §1 OCT Spinal Fixation System
Instruments (DePuy Synthes, USA: n = 54} or Synapse™
OCT system {DePuy Synthes, USA: n = &). Skin incision was
linear and muscular stage was performed in a standard
manner Occipital plating was done if gross atlanto-ocdpital
instability was present and for Type A basilar invagination
of Goel's classification™™ with separate analysis for each
group (with occipital plating versus without). Additional
small maneuvers such as C1 laminectomy or reduction of the
dislocation were done as necessary for relevant pathologies,

Quality of life assessment

Subjects or their caregivers were communicated with
and the questionnaire was presented to them, EQ-50-31
Paper Telephone v2.0 (ID T1378) and EQ-30-Y Paper Proxyl
V1.0 {10 534602) were used (EuroQol Group, Eotterdam, The
Metherlands). Preoperative quality of life was assessed as
well as the quality on the day of the follow-up. EQ-5D is a
tool commonly used in spine surgery evaluating HRQol'@ 1)
It assesses five domains: (1) mobility, (2} sell~care, {3) usual
activities, (4) pain‘discomfort, and (5) anxiety/depression.
The score is obtained in the form of a five-digit number that
depicts the patient's health state. This five-digit number is
then transformed into measurable and convenient utility by
means of the standardized chart,™ Results range from —11to
1. 0is equal to death and 1 is equal to perfect health. Negative
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values are interpreted as HRQol that is worse than death as
perceived by a given individual. In addition, patients were
also asked to depict their HRQoL in a scale from 0 (worst
imaginable health state) to 100 (best imaginable health state).
Finally, following methods described elsewhere " EQ-5D
values were compared with the HRQol of the age-matched
representatives from the national database in Poland!'"
so as to determine the size of a potential gap between the
€] subjects following surgery and the general population.
Angther matching was performed for comorbidities so as
Lo visualize the difference between HRQoL of patients with
CCl and of those with similar conditions without CCL Both
matchings were conducted on a many-to-many basis.

Software and measurements

By means of OsiriX MD 11.0 {Pixmeo SARL, Bernex,
Switzerland), the following items were measured by two
observers (a neurosurgical resident and neurosurgeon): (1)
atlanto-dental interval, (2) revised condyle-C1 interval, (3] dens
to McRae line, (4) dens to Chamberlain line,* dens to McGregor
line, {h) dens to Wackenheim, (7) basion-axial interval, (8)
basion-dental interval, {9) C2 isthmus height and internal
height to determine it HRVA is present, (10) Powers ratio, (11)
sagittal diameter of spinal canal at the level of C1 and foramen
magnum, and (12} C2 pedicle width to detect narrow pedices.
Normal limits were retrieved from the studies of Kanodia
et al., Pawar ef al., Ulbrich er al., Dahdaleh et af., and Marathe
et al " Prevalence of high-riding vertebral arteries [isthmus
height =5 mm orand C2 intemal height =2 mm) and narrow
pedicles (C2 pedicle width <4 mm) was determined only in
adults since pediatric norms have not been established,**+
Every measured parameter was included in the correlation
analysis. For significant measurements in correlation analysis,
inter-software and inter-observer agreement coefficients
were analyzed to determine reproducibility. Inter-software
reliability between the primary software (OsiriX MD) and
Radiant DICOM Viewer version 2020.2 (Medixant, Poznan,
Poland) was acknowledged by kappa statistic ranging from
—1to 1, with 0 equal to randomness, and 1 indicating perfect
reproducibility. As widely accepted, the kappa values were
interpreted as: <020 poor reliability, 0.2 1-0.40 fair, 0.41-0.60
moderate, 0.61-0.80 good, and =080 excellent reliability,
To increase reliability, the observers obtained a standardized
instruction in PowerPoint slideshow (Microsoft. Eedmond.
UsA} delineating measurements, finalized with measuring
ten nonrelated cases, question-and-answer session, and
debriefing.

Statistical analysis

Statistical analysis was performed by means of EStudio
version 1.3.1093 (Boston, Massachusetts, UsA) and Statistica
13.3.0, TIBCO Software Inc. (Palo Alto, California, USA) by TK.

Medians were supplemented with corresponding interquartile
ranges (IQRs) whereas means with standard deviations (SD),
For testing a null hypothesis of equal medians with regard to
pre- and postoperative nonparametric outcomes, a Wilcoxon
test was used, Spearman’s rank correlation rho was estimated
for each classic radiologic measurement and the follow-up
HRQoL. Multiple linear regression analysis was conducted to
determine factors correlating with an outcome of interest at
follow-up. A linear adaptation of the HRQol trajectory based
on multiple regression was created in Rstudio with ggPredicti).

RESULTS
Cohort characteristics
The subject characteristics are presented in Table 1. OF

sixty subjects who underwent posterior craniocervical
instrumentation between 2006 and 2021, thirty were

Table 1: Study group characteristics

Feature Value
Sex (%}
Female 30 {50.0)
e 30(50.0p
Age (ypears) 103365
CCI cause [%)
Traurmsatic 24 (40,00
Cangenital 16 {26.7)
Aheurnatic 12 (20,0}
Tumos b (10.01
Grigel syndrome 1{1.7)
Levels of mstrumentation (%)
0-01-C2 18 (30,0}
0-C1-C2-C3 10{16.7}
C1-C2 16 {26.7)
C1-C3-C3 3150
Others TR
Duration of surgery (min) 230 I0R 170-268.8)
Blood kas= (mL) 320 (10R 200-500)
Age =18 415 (I0R 300-537.5)
Age <18 200 {I0A 100-325)
Hospital stay (days) 10/ (10K 8-17)

HA QoL [EQ-ED0-3L summary index)

Total preaperative 0,254 {10A <-0.025-0.504)
Tatal at fallow-up 0.779 (I0R =0.387-0.864)
Age =18 prepperativa 0.224 [IOR 0.090-0.330)
Age =18 follow-up 0.739 (I0R 0.275-0.863)
Age <16 pracoerative 0,264 [I0R-0.176-0.116)

Age =18 at followe-up
Neurchogical status %)

0.214 [IOR 0.462-0.853)

Myelopathy preoperative 41 (68.3)
Impraved postoperative 22 (53.7)
Stable postoperative 16 (39,0
Deteriorated pastoparative 3713

CCl: Cramecervcal instabiby, HRMoL: Health-related quabty of Iife, 10K Interquartile
nange
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females (30¢%) and thirty were males (530%). The mean age of
the group at the time of operation was 37.2 years (5D = 26.5).
The median time from the procedure until the last follow-up
was 26.3 months (IQR = 10.8—47.3). The most common
cause of CCHwas trauma (n = 245 405), OF traumatic patients,
falls {m = 11; 45.9%) and motor vehicle accidents (n = 7;
29.2%) prevailed. The most common type of CCl was
atlantoaxial instability (n = 38; 63.3%), followed by combined
atlantoaxial and atlantooccipital instabilities (n = 12; 20.0%).
Pure atlantooccipital dislocation was observed in eight
subjects(13.3%), In two cases, it was undetermined, Neurological
deficits due to spinal cord compression (myelopathy) were
present preoperatively in 71.4%. The most commaon levels of
instrumentation were as follows: O-C1-C2 in 15 cases (30.0%)
and C1-C2 in 16 cases (26.7%). The occiput was plated in 35
subjects (38.3%). The median duration of the surgery was
224 min (10R = 170-268.8). The median blood loss in the
entire cohort was 320 ml (IQR = 200-300). Unsurprisingly, the
median blood loss was higher in adults than in those under
18 years old (415 ml and 200 ml, respectively). The median
hospital stay was 10 days (IQR = 9-17).

Quality of life evaluation

The median timing of the second questionnaire was
26.3 months after surgery (1QR = 10.8-47.3), The median
preoperative EQ-50 was 0.254 (IQK = —=0.025 to 0.504),
whereas the median follow-up EQ-5Dwas 0L,779 (IQR = 0.387-
0.864). The difference was staristically significant (P < 0.001).
The median improvement in the HRQol. was estimated at
0508 (IQR = 0,128-0.717), which exceeds the mimimum
clinically important difference. ™ Despite the increase, the FQ-5D
at follow-up score was still below the 25" percentile ((0.894) of
the general Polish population age-matched on a many-to-many
basis./"* The median preoperative HRQoL in the Visual Analog
Scale (VAS) from 0 (worst imaginable health state) to 100 {best
imaginable health state)was declared to be 40{10QR = 20-50),
while postoperatively, it was 70 (IQR = 52.53-80) with a
median increase of 30 (IQR = 10-45). The improvement was
statistically significant (" = 0.001). The median VAS EQ-5D
of the age-matched general population is 80, whereas the
25" percentile is 73, A tabular display of comparison with the
comorbidity-matched and age-matched datasers is presented
in Table 2. Comorbidity-matched values are retrieved from
the studies of Schwab ef al., Koga et al., Hurst et al.., and Bond
at ELIIDJE'IBI

Preoperatively, domains of health that were negatively
affected most often were painfdiscomflort and
anxielydepression — 94.4% of subjects reported at least
moderate problems with each [Figure 1]. At follow-up, on
the other hamd. pain‘discomfort and usual activities were
disturbed the most. Preoperatively, HREQoL dimension that

Table 2: EuroQol-5 dimensions summary indices and Visual
Analog Scale in craniocervical instability prior to craniocervical
fixation, postoperatively, in comorbidity-matched and
age-matched datasets

EQ-5D EQ-5D
summary VAS
index
Subjects with CCI preoperatively (this study)
Entire cohort 0.254 40
Reurnatosd subigroup 0.103 0
Traumatic suhgroup 0,125 35
Caonganital disorder subgroug 0187 40
Craniacenagal tumar subgroup 0,535 45
Comerbidity-matched population withawt CCI
Fiheurnatosd arthritis functional level 3 0.0 44
Spinal C1-C4 trauma 0,317 =11

Congaratal disordars /A 70

Cervical sping tumpe 0,760 ]
Subjacts with CCI postaperatively (this study)

Entire cohort 07 T0

Rheurnateid subgroup 0.743 50

Traumatic suhgroup 0.730 GE

Congenital disorder subgrougp 0.7%4 To

Cranincenvical tumar subgroup 0.854 &0
Ague-matched general population 0.854* 13

*Values representing the 25" percentile of the age-matched population, Values are
prasentad a5 medans unless stated othenwise, Age-malchad values are retriaved from
the study of Gelicki and Nievada, " EQ-50; EunOnl-% dimensions, CCI Cramiccervical
mstabiity, GCJ: Cranincerdcal junction, VAS: Visual Analeg Scale, N&: Mot available

was the least influenced was self-care as 19.4% declared
no problems at all, half of the responders had moderate
difficulties, and 30.6% were unable to wash or dress
themselves. At follow-up, however, walking was the area that
mast subjects had no problems coping with.

The medians of preoperative HRQoL in the groups with or
without occiput plating were as follows: 0,100 and 0,310,
respectively (nonsignificant difference; P = 0.06Y9). The
medians of the follow-up HRQoL in the same groups were
0.670 and 0.810, respectively (! = 0.061). The median
increments of HRQoL in these groups were 0,540 and 0,400,
respectively (P = 0.692) indicating similar results in terms
of HRQoL gain in both groups. In multiple linear regression
maodel, the outcome of interest (HRQoL at follow-up) was
significantly affected by age (f = —0.004 P = 0.049} and
length of the hospital stay (} = —=0.134; P = 0.010). It was
not influenced either by plating the occiput (P = 0,493) or
neurclogical status upon discharge (" = 0.234) [Table 3).
A trajectory of HRQol based on this regression model
involving the significant predictors is presented in Figure 2.

Radiologic measurements
The summary of radiologic evaluation is presented in Table 4,
19.05% had at least one high-riding vertebral artery and
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Figure 2: A graph illustrating multiple regression model with two statistically
significant predicter varlables |age and length of hospital stay). Health-
related guality of life regarded as EureQol-5 dimensions-IL summary index

33.33% presented with at least 1 narrow pedicle. Parameters
that were abnormal most commonly on the preoperative
assessment were dens to the McRae line (71.43%) and to
the Wackenheim line (60%), On postoperative scans, these
two prevailed as well, OF all the dassic radiologic markers,
only preoperative dens to Wackenheim line correlated with
HEGQoL at follow-up (rho = —0.432; = 0.028; moderate
correlation). Despite the significant correlation. linear
regression did not prove the preoperative Wackenheim ling
to be a predictor (f = —0,291: P = 0,0806). For Wackenheim
parameter, Cohen's kappa of inter-software reliability
was K, = 08148, £ = 4.91 (excellent), whereas kappa of
inter-observer agreement was &, = 0.75, £ = 4.58 (good).

DISCUSSION

Quality of life in spinal disorders

EQ)-5D scores have been established for a variety of spinal
conditions. For instance, Smith et al!™ in 2017 presented
HR ol in adult cervical deformity (ACD), of which FQ-5D-3L
summary index was 0,311 (50 = 0.224), [t was below the
lower 25" percentile for the age-and gender-adjusted general
population. Similar to our findings, the dimension of the

Table 3: Summary of the multiple regression model to predict
an outcome variable [health-related guality of life regarded as
EQ-50 at follow-up) on the basis of four predictor variables

Variable

EQ-50 score at follow-up

13 P
Aqe (yaarsh —0.004 0.049
Decigut plating 0.073 0495
Haspital stay (days) =0.134 000
Neurclogical status at discharge p.avz 0.234

Sratistically significant predictors are bolded

warst quality was pain'discomforr, Berrer HRQol in ACD than
in CCI might be explained by the typically chronic nature of
the first one. Since ACD progresses more slowly, patients are
able to adapt to it, which is to the contrary of acute disorders.
Therefore, subjects with acute vertebral fragility fractures
demonstrate low EQ-5D-3L scores: (L27 (95% confidence
interval [C1] 0.22-0.31),*which is very close to the findings
of the present study: 0.254 (IQR = —0.025 to 0.504). Another
similarity between vertebral fractures and CClis a substantial
improvement after successful treatment., The former increases
up to 0.69 (95% Cl 0.66-0.72) and the latter up to 0.779
{IQR = 0.387-0.864] at follow-up " It could be elucidated
by the quick resolution of debilitating dysfunctions once the
segments are stabilized, the pain subsides, rehabilitation
kegins, and fear diminishes. Moreover, as presented in
Table 2, conditions that might lead to CCl (rheumatoid
arthritis, cervical trauma, congenital disorders, and cervical
spinal tumors) decrease HRQoL per se. Therefore, bimodal
matching was executed: for comorbidities te analyze the
real burden of CCI and separately for age to detect the gap
between subjects after successful treatment and zeneral
population. Occurrence of CCI further exacerbates the
damage and reduces life quality. As demonstrated in this
study, posterior fixation of the craniocervical junction
involving C1-C2 aids in this aspect, especially in terms of
pain/discomfort and anxiery/depression.

Predictors of the health-related quality of life

Multiple linear regression model of four factors (chosen based
on a recent meta-analysis™) yielded significant predictors
for HRQoL at follow-up, which are age and length of the
hospital stay. Older subjects and those who are hospitalized
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Table 4: Summary of the pre- and postoperative radiologic evaluation

Parameter Normal Number of subjects with
limits {mm)  abnormal preoperative (%)
ADI =3 {a) /30 (30.59)
<5 1pl

rCCl

Left =25 1435 (200

Right 5735 (14.29)
Dans 10 McRae ling =5 below 25/35(71.43)
Dens o Chamberlain ine <} ghove 13735 {37.14)
Dans 1o McGregor lineg <45 above 13/35 {37.14)
Dens 1o Wackenheim line Venitral or 21/35 {60}

tengential

Bol =85 1735 (200
Bal —4-+12 16735 (5425}
Sapittal diamater at C1 =27 11431 {3548}
Saginal charmeter at FM =30 6/35 (17.14]
Powiars ratio 530 (16.67)
Gartical breach o breach

Number of subjects with Spearman's rho for P valug
abnormal postoperative (%) postoperative HROoL* for rho*
5732 [15.63) 0.061-0.017 0,767
0,937
835 |22.86)
&35 |22.86)
#6/33 (78.79) 0.192-0.147 0.348
0.503
727 |25.93) -0.139-0.347 0,508
0146
T/27125.93) 0183001 0.382
0.553
19/33 (57.58) 0432 0.028
0,093 072
TAI2.2 -0.0a0 0.660
0.094 0.6EE
13733 (39.39) -0.140 0,442
0,004 0,986
4/24 |16.87) 0.295 0172
0.04% 0.258
435 {11.43) 0021 0917
.069 0,747
213 (B.70] 416 0.054
0413 oan
14/35 1401 -0.080 0.ETT

*Uppar numksr describes o or @ value of the precparatm radinlogic parameter, lover numbsr describas tho or ® value of the postoperative mdidogic paramater, Satistically sigrificam
g values are bolded. & Addts, p- Pediatrics, ADE Atlamtodental intendal, rCC1: Revised condyle-C1 interval, BOF Basion.ders mierval, BAl: Basion-axial interval, FM: Formmen

magrum, HEQaL: Heath-related quality of life

for long periods might have worse health-related quality of
life at follow-up. Older age is associated with lower recovery
capabilities, hindered rehabilitation, and a plethora of
comaorbkidities, all of which add up resulting in prolonged
difficulties with walking, self-care, and usual activities.
Although pain can often be controlled pharmacologically,
disturbed activities of basic living provoke anxiety, and
fear™ Thus, people after CC| fusion might require further
psychological help. The other factor that could predict HEQoL
is duration of the hospital stay. [t is often a reflection of the
complications such as acute postoperative respiratory failure
requiring intensive care, wound infection, or dehiscence.
[nterestingly, occipital plating did not prove significant
here for the follow-up life guality as it did for neurological
outcome in the recent meta-analysis of posttraumatic
cohort conducted by Klepinowski et al Bl This might be
stemming from a number of different causes such as more
heterogeneous cohort in the present study, lower number
of subjects, or lack of direct translation from neurological
status into HEOQoL,

The significant Spearman’s correlation rho between
the Wackenheim line parameter and HRQol should be
interpreted cautiously, As Kwong ef al 7 demonstrated,
the Wackenheim clivus line 15 dependent upon the neck
position and, thus, at times might be unreliable. Since
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linear regression denied it as a predictor, the causality
remains uncertain. For it was close to the threshold of
significance, studies of larger samples could potentially
detect it as an important carly preoperative predictor of
the follow-up quality of life. Moreover, as presented in
Table 3, the Wackenheim parameter changed very little
after the procedure. This is a sequela to the fact that the
invaginated dens are often difficult to reduce, especially in
rheumatoid arthritis or congenital abnormalities. In light
of this information, in such situations, one should carefully
consider the risk and benefits of extending surgery to
transoral approach so as to decompress the brainstem.

Implications

This is the first study to touch upon the HRQol after
cramocervical instrumentation in both adults and pediatrics,
HEQoL could possibly be the most important piece of
outcome from the patient's perspective. There is no
radiologic, laboratory, or a single clinical measure that
would provide as much valuable dara as life quality, yer it
is often neglected in the final assessment, Knowledge of
the preoperative baseline and the follow-up records could
serve as background for future comparisons and discussions.
Quantification of the HRGQoL allows health-care providers to
perform cost—utility analysis of the procedure. Appreciation
of the domains of HRQol that deviate the most after fusion
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could indicate which aspects need more focus and resource
allocation. Determination of the potential clinical and
radiologic predictors might aid patient and family counseling,
especially for the elderly and of the long hospirtal stay. Finally,
the limitations acknowledged in this study might guide the
upcoming studies to furnish stronger evidence and clinical
guidelines regarding cramocervical fusion.

Limitations

Despite being contributory to the body of neurosurgical
literature, this study has several flaws. First of all, this
research constitutes only level 3 evidence. Although it
is the best we currently have, undoubtedly studies of
prospective case-control design would be appreciated to
provide stronger data. Second, a number of patients could
not be reached for the follow-up EQ-5D questionnaire due
to an unresponsive or invalid phone number (dropout rate:
36.6%) — this was, however, taken into consideration at
the stage of sample size estimation. 5till, some of those
unresponsive patients might have been dead or otherwise
incapacitated, introducing a selection bias. This issue can only
be addressed via prospective studies where it is taken into
account so in such cases relatives can be reached.

Since CClis a rare entity, the study group was heterogeneous
in causes of CCJ instability. The comorbid conditions likely
impact HRQoL. The authors are aware of this fact and, thus,
performed matching for the comorbidities and, separately, for
age. Matching for age with general population as was done
here has potential to determine the gap between treated
CCI and the age-matched general population. Matching
for comorbidities allowed for appreciation how CCl affects
HEQoL as compared with similar conditions without CCL
Orverall, this is common to analyze the causes altogether due
to the rarity of this condition.™ ™ Thus, large samples of each
cause are possibly obtainable only through multi-institutional
collaborations,

Another drawback might be that adults and pediatrics were
analyzed in the same study. Even though we first considered
it a limiration, it may also be considered a strong point of this
work since it allowed for detection of age as an independent
predictor of HRQoL at follow-up in multiple linear regression
maodel. Moreover, in order to further mitigate the potential
bias. separate subgroup analysis and HRQoL calculation were
conducted for adults and children.

Posterior fixation of C1-C2 segment was performed in each
subject. Some of them, however, had additional cranial
or caudal extension of the stabilization. The limitation of
heterogeneity of either involving the occiput or not was
addressed in the subgroup analysis as well as in the multiple

linear regression model to determine whether it affected
HRQoL.

As Atul Goel elegantly noticed ™ cervical range of motion
is determined mostly at the craniocervical junction (0-C2),
thus inclusion of the lower cervical spine in stabilization was
not addressed separately.

CONCLUSIONS

HRQoL is substantially reduced in subjects with CCl, also
when compared with the comorbidity-matched dataset. Yet,
it can be improved with successful posterior fixation. Despite
the improvement, the HRQol is still worse than the bottom
25" percentile of the age-matched general population.
Occipital plating might not affect the trajectory of HRQol.,
Patients’ age and length of the hospital stay could predict
HRQoL at follow-up. Elderly subjects might not benefit as
much as the young from the posterior fixation in terms of
quality of life. The longer hospitalization, the worse HRQol.
is expected, Most of the cassic radiologic markers do not
correlate with one's follow-up HEQoL. Only the baseline
Wackenheim line might carry such correlation, but this
requires further confirmation. Results of this study could
enhance patient counseling and in future might be of interest
for public health when comparing posterior screw fixation
with other treatment options.
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Sz.P.
lek. Tomasz Klepinowski

Klinika Neurochirurgii i Neurochirurgii Dziecigcej

W zwigzku ze zgloszeniem opisu badania do Komisji Bioetycznej Pomorskiego Uniwersytetu
Medycznego w Szczecinie pt. ,Ocena wynikow leczenia dyslokacji w obrebie ztacza kregowo-
podstawnego przy uzyciu stabilizacji przeznasadowej’, uprzejmie informuje, iz z przediozonej
dokumentacji wynika, Ze przedmiotowe badanie nie wymaga opinii Komisji Bioetycznej.

Z powazaniem
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prof. dr hab. n. med. Marek Drozdzik

Pomarski Uniwersytet Medyczny w Szczecinie, 70-204 Szczecin, ul. Rybacka 1, tel, + 48 9148 00 700, fax + 48 91 48 00 705, www.pum.edu.pl
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