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1. Uvod

Infekce spojené se zdravotni péci (Healthcare-associated Infections, HAI),
nekdy v literatufe uvadéné jako nozokomialni infekce, jsou infek¢ni komplikace, které
vznikaji v souvislosti s poskytovanim zdravotni péce [1-2] a které i v soucasné¢ dob¢
predstavuji vyznamné riziko nejen pro pacienta, ale i pro celou zdravotni péci [3-5], a
proto je velmi diilezité vénovat jim pozornost.

Vyskyt HAI se lisi nejen v jednotlivych zdravotnickych zatizenich, ale i na
ruznych pracovistich poskytované zdravotni péce, pticemz jednotky intenzivni péce
(JIP) patfi mezi nejrizikovéjsi pracovisté [6-7]. 1 pfes neustilou modernizaci
technologii a inovace v oblasti farmakologickych a nefarmakologickych postupti se
nedaii ¢etnost HAI zdsadnim zplisobem sniZovat ani v dne$ni dobé&. Navic diky novym
technologiim je poskytovana zdravotni péce stdle rizikovéjsim a kieh¢im pacientim,
ktefi by tuto Sanci diive nem¢li. Paradoxné tak v praxi dochézi k tomu, ze ackoliv nové
technologie umoziuji poskytovat vysoce specializovanou neurointenzivni péci a
zlepsovat tak prognozu u neurointenzivnich pacientl, ¢asty vyskyt HAI prognézu u
téchto akutnich pacientii zase zhorSuje [8-13]. Navic na vzniku HAI se podili fada
faktorti, z nichz se mnohé dosud nepodafilo pln¢ identifikovat.

Timto konstatovanim neni zamysleno zpochybniovat vysledky modernizace, ale
obratit pozornost zpé&t k zdkladnim preventivnim opatfenim a védomi, Ze i vyvoj
novych antibiotik a technologii ma své limity. Investice do nastaveni programu
vzhledem k tomu, ze HAI se fadi mezi preventabilni onemocnéni [14]. Tato prace si

klade za cil upozornit prave na preventabilitu infekénich komplikaci v neurointenzivni



péCi a na to, ze nastavenim hygienickych a dalSich preventivnich opatfeni, jim lze
efektivnéji prechazet.

Vyskyt HAI Ize tedy povazovat za indikator kvality a bezpecnosti zdravotni
péce [15]. I na nasi neurointenzivni jednotce (NJ) v Krajské nemocnici Liberec patii
prevence a kontrola HAI mezi zékladni strategické cile. Prevenci a kontrole infekci se
V neurointenzivni pé¢i vénujeme jiz od roku 2001. V lednu 2001 jsme implementovali
Preventivni multimodalni protokol nozokomialnich infekci v neurointenzivni péci,
ktery se sklada za tii ¢asti, z preventivnich hygienickych a protiepidemickych opatieni,
antibiotické politiky a kontroly infekci.

Ptedkladana habilita¢ni prace dle § 72 odst. 3 pismena b) zdkona o vysokych
Skolach je souhrnem ctyt komentovanych praci, kterym piedchazi teoreticky tvod
vénujici se problematice infekci spojenych se zdravotni péci, vcetné aktudlniho
piehledu u onemocnéni mozku a patefe, a Preventivni multimodalni protokol
nozokomialnich infekci na NJ Neurocentra Krajské nemocnice Liberec. Tyto
komentované prace sleduji efektivitu nastaveného protokolu v prevenci a kontrole

infekci v nasi neurointenzivni péci.



1.1. Prevence a kontrola infekci souvisejici se zdravotni péci

Infekce spojené se zdravotni péci se stavaji nevyhnutelnym faktorem, ktery lze
pouze vice ¢i mén¢ uspésné redukovat. Podle zdkona ¢. 372/2011 Sb. o zdravotnickych
sluzbéach a o podminkéch jejich poskytovateld musi mit provozovatel zdravotnickych
zafizeni implantovany program prevence a kontroly infekci [16]. Pro potieby zavedeni
a zdokonalovani tohoto programu v klinické praxi byl Ministerstvem zdravotnictvi
Ceské republiky vypracovany metodicky pokyn [2]. Jeho cilem je zvysit kvalitu a
bezpecnost poskytované zdravotni péce prostfednictvim systémovych opatieni, ktera
vedou ke snizeni rizika vzniku a Siteni HAI. Tento dokument sestava ze tii oblasti: 1)
Zajisténi zékladnich hygienickych pozadavki pro provoz zdravotnického zatizeni, 2)
Zajisténi standardnich opatfeni k eliminaci rizika pfenosu infek¢nich agens pfi
poskytovani zdravotni péce, 3) Provadeéni cilené, klinicky orientované prevence a
kontroly infekei. Pro funkénost celého programu je nezbytné jeho spravné nastaveni
tak, aby byl dusledné provadén celym tymem 24 hodin denné a aby byly postupy a
protokoly jasné definovany a prubézné vyhodnocovany ve vztahu k riziku vzniku
infekci. Déle je tfeba nezanedbavat pribéznou edukaci persondlu a podpory
poskytovatele zdravotni péce.

K realizaci programu prevence a kontroly infekci ve zdravotnickych zatizenich
poskytovateli akutni [izkové péce piispiva v Ceské republice také plnéni akredita¢éniho
standardu Hygieny nemocni¢niho prostiedi a protiepidemickych opatieni od Spojené
akredita¢ni komise [15].

Ptestoze v soucasné dob¢ zaujima prevence a kontrola infekci souvisejicich se
zdravotni péc¢i vyznamnou ulohu, nepodafilo se jejich vyskyt zdsadnéj$im zplisobem

snizit. Nejedna se pouze o lokalni vysledky, infekce spojené se zdravotni péci jsou



celosvétovym problémem. Podle prvni velké bodové prevalencni studie HAI poradané
Evropskym centrem pro prevenci a kontrolu infekci (European Centre for Disease
Prevention and Control, ECDC), ktera analyzovala vysledky 231 459 pacientii z 947
nemocnic z evropskych zemi za obdobi 2011-2012, se tato prevalence infekci
pohybovala v rozmezi od 2,3 do 10,8 %. Tato studie soucasn¢ ukézala, ze na
pracovistich intenzivni péce se HAI vyskytly nejcastéji. Pfitomnost jedné infekce byla
sledovana u 19, 5 % pacientd [3]. V dalSi rozséhlejsi bodové prevalenéni studii
potadan¢ ECDC v roce 20162017, které se ucastnilo 325 737 pacientl z 1274
evropskych nemocnic, se prevalence HAI na pracovistich JIP sniZila pouze minimalnég,
atonal19,1% [4].V letech 2022-2023 probéhla tfeti bodova prevalenéni studie, opét
potfadand ECDC, kter4 ukazala mirny nartst prevalence HAI na JIP, pfitomnost jedné
infekce byla zjisténa u 20,5 % pacientl. Studie se ucastnilo 309 504 pacientii z 1 332

nemocnic [5].

1.1.1. Hygienicka a protiepidemicka opatreni

Hygienickd a protiepidemickd opatfeni tvofi zakladni pfedpoklady
pro zamezeni $ifeni infekci [17-23]. Jedna se o komplexni soubor postupii k prevenci
infekci souvisejicich s poskytovanim lécebné a oSetfovatelské péce, jehoz principem je
Cistota, dezinfekce a zachovani sterility. Jednotliva opatieni jsou kategorizovana pro
vybaveni a prostory celého pracovisté, a dale pro pacienta, personal, dalSi osoby
pfitomné na pracovisti. ZajiSténi prevence infekci spociva nejen v zavedeni
jednotlivych opatteni, ale hlavné v jejich 24hodinovém disledném dodrzovani vSemi

osobami vyskytujicimi se na pracovisti. Nedilnou nutnosti k uskute¢néni celého



procesu jsou ucinné kontroly s vyhodnocenim a hleddnim pficin vzniku infekcnich
komplikaci. Kontroly se zamétuji na divody, pro¢ nebyla dodrzena opatieni, a vedou
k navrhu funk¢nich proveditelnych postupti.

Mezi zékladni hygienické postupy pro zdravotnicky personal patii hygiena
rukou, pouzivani rukavic, ochrannych bryli, Gstenek a ochrannych plasti, respiracni
hygiena, prevence poranéni jehlou nebo jinymi ostrymi predméty.

U hygienickych postupt tykajicich se pacienta je nezbytné respektovat
individualizaci vSech oSetfovacich a vySetfovacich pomucek a postupti. Navic
V neurointenzivni péci je tieba pii pouziti drendzi, katétrli, infuznich systémt, umélé
plicni ventilace a dalSich systéma, pecliveé zvazit jejich indikaci, a dilezité je zbytecné
neprodluzovat dobu jejich zavedeni. Dal§i doporuceni se tykaji preferovani
jednorazovych pomitcek, pouzivani uzavienych systémii s minimdlnim a pouze
nutnym odpojenim, vyuziti systémi s porty, vymény systému a jejich oSetfovani.

Velmi vyznamnou tlohu v zajiSténi hygieny pacienta predstavuje pravidelna
vymeéna liZkovin, izola¢ni rezim u kazdého infek¢niho pacienta s diirazem na izolaci
pacientli s infekci nebo kolonizaci multirezistentnimi (MDR, multidrug resistant)
bakteriemi ESBL (Extended spectrum pB-lactamases), MRSA (methicilin-rezistentni
Staphylococcus aureus), VRE (Vancomycin-resistantni  Enterococcus) a CPE
(Carbapenemase producing Enterobacteriaceae).

K hygienickym postupim tykajicich se celého pracovisté patii CiSténi a
dezinfekce povrchil véetné lizka a okoli pacienta, manipulace s odpady, pravidelny

uklid a malovani.



1.1.1.1. Hygiena rukou

Hygiena rukou patfi mezi zdkladni ucinna opatfeni v prevenci pienosu
infek¢niho agens a soucasné je i ekonomicky nejefektivnéjsi [24]. Prestoze se jedna o
snadno realizovatelné opatieni, stale dochdzi v bézné klinické praxi k nediislednosti v
jeho dodrzovani, na coz chtéla upozornit Svétova zdravotnicka organizace (World
Health Organization, WHO) v ramci svého programu Save lives: Clean your hands
(Zachran zivoty: Umyvej si ruce). Organizace §ifi osvétu ve spolecnosti, piipravuje
ruzné typy edukacnich materialt, a také vyhlasila 5. kvétna Svétovym dnem hygieny
rukou (Word Hand Hygiene Day). Datum bylo zvoleno symbolicky, 5. 5. ma
pfipominat nezbytnost hygieny péti a péti prsti na obou rukach [25].

V neurointenzivni pé¢i kontaminované ruce zdravotnického personalu
pfedstavuji  velmi vysoké riziko pro ptenos infekei, zejména pokud jsou
kontaminovany MDR mikroorganismy. K §ifeni infekce mlze dojit nejen pfi jejich
pfimém kontaktu s pacienty, ale i nepfimou cestou skrze kontaminované pfedméty a
ptistroje. Nebezpe¢i pienosu prostiednictvim rukou hrozi i1 dalSim osobam
dostavajicim se do styku s témito pfedméty a pfistroji anebo s nemocnym. Jedna se
predevsim o osoby navstévujici pacienty a dalsi pracovniky vyskytujici se na pracovisti
neurointenzivni péce.

Funk¢ni nastaveni dodrZovéani zdkladnich principli hygieny rukou zavisi na
jednotlivych pracovistich. Za klicovy faktor 1ze povazovat poucenost personalu, ktery
si je védom toho, jak hygienu rukou provadet (3 ml dezinfekéniho roztoku vtirat do
suchych rukou po dobu 30 s), kdy ji nezbytné provadét (pred a po kazdém kontaktu
S pacientem, i pfi pouziti rukavic) a proc¢ je dulezité jeji disledné dodrzovani (omezit

riziko pifenosu infekéniho agens). Nezbytnym piedpokladem v tomto sméru je



dostupnost dezinfek¢niho roztoku u kazdého intenzivniho lizka, u umyvadla, na misté
vySetfovani pacienta, v mistnostech Cisténi a dekontaminace pomucek, nastroju atd.
Ditlezitou ulohu hraje 1 vybér dezinfekéniho prostiedku, nadoby na dezinfekci,
pumpicky nebo pouziti automatickych davkovaci. Pokud je vyzadovano striktni
dodrzovani pravidel, je podstatné poskytnout za timto ticelem i odpovidajici a funkéni

podminky.

1.1.1.2. Mikrobiologicky screening

Mikrobiologicky screening se provadi s cilem ziskat povédomi o vyskytu MDR
mikroorganisml u pacienta a prostiedi pracovisté [26]. Jedna se o kontrolni systém,
ktery zahrnuje bud’ pravidelné nebo nepravidelné mikrobiologické stéry, jez slouzi u
pacienta k adekvatni empirické antibiotické terapii, dale ke znalosti epidemiologické
situace na pracovisti, k navyseni hygienickych opatfeni nebo rychlé izolaci pacientt, k
efektivnéj$§imu uklidu prostiedi atp.

Mikrobiologické stéry se u pacientii provadeji po celou dobu hospitalizace na
neurointenzivni jednotce, pficemz prvni odbér by mél probéhnout po piijeti [27-30],
zejména u pacientll pfijimanych z rizikového prostiedi, u nichZ mize byt vyskyt MDR
mikroorganismi  vys§i. Mikrobiologické vySetfeni se provadi ze sekretu nosu,
orofaryngu, trachealniho aspiratu, moci, z perianalni oblasti, likvoru, dale z katétru
(arteridlni, centrdlni Zilni, nitrolebni) a drénu (zevni komorova a lumbdlni drendz).

Pfi provadéni mikrobiologického odbéru je nezbytné dodrzovat doporuceny

postup a zabranit kontaminaci vzorku.
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Infekce zpisobené MDR bakteriemi patii mezi nejzavaznéjsi, ovsem bez stéra

a pravidelnych screeningti nemusi dojit k jejich v€asnému odhaleni.
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1.2. Antibioticka politika

Cilem racionalni antibiotické politiky je zachovani G¢innosti antibiotik.

V klinické praxi to znamend, vyhnout se pfedevsim jejich nadbyte¢nému pouzivani,
aby nedochézelo ke ztraté jejich efektivity v diisledku rozvoje rezistence. Soucasna
doba sice pfinasi stale nové typy antibiotik, ale bohuzel, jejich vyvoj neni neomezeny.
Proto je nastaveni systému antibiotické politiky [31-33] dilezitym aspektem na vSech
urovnich poskytované zdravotni péce. V intenzivni pé€i vyzniva tato otdzka jesté
naléhavéji, protoze JIP patii mezi zdravotnicka pracovisté s nejcastéjSim uzivanim
antibiotik. Jak ukazuje prvni bodova prevalen¢ni studie pofadana ECDC (2011-2012),
na JIP bylo antibiotikum podéno u 56,5 % pacientd [3]. Situace se bohuzel vyrazné
nezménila ani v druhé bodové prevalencni studii (2016-2017), kde antibiotika uzivalo
55,6 % pacienti [4], tfeti prevalen¢ni studie (2022-2023) pak dokonce ukazala nartst
pouzivani antibiotik na JIP (59,5 % pacientt) [5].

Zékladem racionalni antibiotické politiky je vyvarovat se zbytecnému a
neindikovanému naduzivanim antibiotik, a to jak v terapeutické, tak 1 v profylaktické
indikaci [1]. Jednim ze zasadnich principl terapeutického podani antibiotika je jeho
podani u klinicky manifestované bakterialni infekce, ne u kolonizace. Dal§iho sniZeni
spotieby antibiotik 1ze dosahnout v€asnym zvladnutim infekce u pacienta v intenzivni
péc€i, k Cemuz je nezbytna rychld identifikace bakteridlni infekce a nasledné okamzité
podani antibiotika, pti¢emz je dbano na prikaznost mikrobialniho ptivodce infekce, na
deeskalaci pocatecniho antibiotika s SirSim antimikrobialnim spektrem a na podani
antibiotika podle farmakokineticko-farmakodynamickych principti. Podstatné je i

zamezit zbyte¢nému prodluzovani doby podavani antibiotika.
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Racionalni antibioticka politika mé své dulezité misto také v profylaktickém
pouzivani antibiotik. Mezi hlavni obecné zasady antibiotické profylaxe patii
dodrZovani podavani antibiotika jen u indikovanych ptipadt. V neurochirurgii se jedna
predev§im o indikaci prevence infekce v misté chirurgického vykonu (Surgical Site
Infection, SSI) po neurochirurgickych operacich a v neurotraumatologii prevence
neuroinfekce u otevieného kraniocerebralniho poranéni s likvoreou. Dale je nezbytné
vénovat pozornost vybéru antibiotika a jeho podani v dostatecné davce. U operaci je
navic nutné dodrzovat jeho spravné nacasovani pred zacatkem operace, opakovat
davky v prabehu operace podle délky vykonu nebo velikosti krevnich ztrat, a dodrzovat
spravnou délku indikované profylaxe.

K implementaci racionalni antibiotické politiky je nezbytny komplexni pfistup,
ktery vyzaduje uzkou spolupréci s antibiotickym stiediskem a ptipadné s klinickym
farmaceutem, jehoZ zapojeni se v posledni dob¢ stdle Castéji uplatiiuje. Za tcelem
nastaveni raciondlni antibiotické politiky na rtiznych pracovistich vznikly programy
Vv ramci mezinarodnich organizaci WHO a ECDC, v Ceské republice pak v ramci

Narodniho antibiotického programu (NAP) a Akéniho planu NAP.

1.2.1. Antibioticka rezistence

Narlst antibiotické rezistence je v soucasné dobé celosvétovym problémem a
veénuje se ji stale vétsi pozornost. V Evropé se ji zabyva ECDC ve svych jiz vySe
zminovanych evropskych bodovych prevalen¢nich studiich [3-5]. Cilem organizace je

ziskat objektivni data o soucasné situaci ohledn¢ antibiotické rezistence. Sledovani
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vyskytu MDR bakterii umoznuje nahlizet na problematiku v SirSim, evropském
kontextu a na riznych urovnich jednotlivych zdravotnickych zatizenich.

Avsak vedle vyhodnocovani statistickych udaja velkych studii je pro orientaci
na vlastnim pracovisti intenzivni péce nezbytna znalost lokalni epidemiologické
situace. Tato data ziskava pracovist¢ z mikrobiologickych screeningii jednak z

prostiedi NJ a dale od pacientt, a to jiz pfi piijeti.
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1.3. Infekce spojené se zdravotni pé¢i u onemocnéni mozku a patere

Infekce spojené se zdravotni péci jsou definovany jako infekce vzniklé 48 hodin
po kontaktu se zdravotnickou péci [34]. Infekce souvisejici s hospitalizaci se rozdéluji
na infekce vztahujici se k soucasné nebo k predesié hospitalizaci. Mezi infekce spojené
s ptedchozi hospitalizaci se v neurochirurgii nejcastéji fadi SSI.

Mezi rizikové faktory ovlivitujici vznik HAI patii délka hospitalizace,
chronicka interni onemocnéni, vyssi Acute Physiology and Chronic Health Evaluation
(APACHE) IL. score [35], neurointenzivni péce s invazivnimi vstupy a umélou plicni
ventilaci, podavani antimikrobidlnich 1é¢iv a kolonizace MDR mikroorganismy [33].

Vyskyt HAI u pacienta vyzaduje dalsi diagnostické a terapeutické intervence,
navyseni spotieby antibiotik. Navic dochézi i ke zmén¢ celé epidemiologické situace
na pracovisti, kterd si zdda zavedeni ruznych opatfeni proti Sifeni infekce a MDR
mikroorganismui. Prokazatelné se tak zvySuji naklady na l1écbu pacienta [36-38] a
prodluzuje se doba hospitalizace [39-40].

Pro uspésné zvladnuti HAI je zasadni jeji v€asné rozpoznani. Diagnostika
infekce vychazi z klinickych symptomi, laboratornich nalezti (hematologické,
biochemické, mikrobiologické) a ze zobrazovacich metod. Dulezitym a soucasné
obtiznym aspektem v diagnostice infekce v neurointenzivni péée je jeji odliSeni od
kolonizace. Vyznamnou ulohu zaujima 1 rozpoznani kontaminace mikrobiologického
vzorku.

Mezi nejfrekventovanéjsi primarni onemocnéni mozku, kde se vyskytuji HAI,
patii dle literatury kraniotraumata (41 % pacientti) [41]. Nasleduje akutni krvaceni do

mozku (23, 1 % pacientl) [8], a tieti nejcastéjsi diagndzou je akutni ischemicka piihoda
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(15 % pacientl), jak uvadi Vermeijova multicentrické studie z 11 holandskych center

[42].

1.3.1. Neuroinfekce

YV

komplikace vV neurointenzivni pé¢i, znichz za nejzavaznéj§i lze povaZovat
neuroinfekce vyvolané MDR mikroorganismy.

Neuroinfekce, mezi néz se fadi absces mozku nebo michy, subduralni nebo
epiduralni empyém, meningitis a ventriculitis, zvySuji riziko morbidity a mortality u
neurointenzivnich pacienti. Navic jejich diagnostika nemusi byt vzdy zcela
jednoducha. Spociva v komplexni analyze klinického, laboratorniho a zobrazovaciho
vySetieni.

Klinicka diagnostika vychdzi z ndlezu nové vzniklych nebo zhorSujicich se
neurologickych symptomi. Mezi klinické ptiznaky patii cefalea, vomitus, kiece,
meningedlni pfiznaky, kvalitativni nebo kvantitativni porucha védomi. OvSem nelze se
plné spolehnout na febrilie, protoZe u neurointenzivniho pacienta nemusi vZdy souviset
s infek¢ni etiologii.

Standardni laboratorni vySetfeni se provadi z krve a likvoru. Velky vyznam zde
zaujima mikrobiologické vySetfeni, a to ze vSech potencialnich zdrojii infekce.
Mikrobiologické diagnostika ptivodce infekce se provadi z likvoru, abscesu, empyému,
nitrolebnich katetrii a ¢idel a zahrnuje mikroskopické vySetieni, aerobni a anaerobni
kultivace, rychlé molekularni metody.

Zobrazovaci metody slouzi k diagnostice strukturdlnich forem infekcnich
komplikaci.
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Terapeuticky postup spociva v zajisténi vitalnich funkci, v€asném podani
empirické antibiotické terapie a v nésledné upravé antibiotika podle vyvolavajiciho
infek¢niho agens. Pii vybéru antibiotika je tieba vychazet ze znalosti ptivodce infekce
a soucasn¢ dbat na farmakodynamické a farmakokinetické charakteristiky antibiotika,
a zvazovat dusledky ptfipadného dlouhodobého podavani. Soucasti 1écebného postupu
muze byt i neurochirurgickd intervence. Jejim cilem je pak ziskdni vzorku na
mikrobiologické vySetfeni a exstirpace infekéniho loziska nebo extrakce shuntu, zevni
drenaze nebo nitrolebniho ¢idla.

V neurointenzivni péc¢i se neuroinfekce souvisejici se zdravotni péci vyskytuji
pfevazné u neurochirurgickych neurointenzivnich pacientli. Pokud neuroinfekce
vznikaji v souvislosti s neurochirurgickym vykonem, jednd se o pooperacni
skupinu infekei organii a télesnych prostor. Endovaskularni neurointervence maji na
rozdil od neurochirurgickych operaci velmi nizké infekéni riziko [43]. Dalsi skupinou
jsou neuroinfekce vznikajici v souvislosti s kraniotraumatem bez opera¢ni intervence,
mezi jejichZ nejvyznamnéjsi rizikové faktory vzniku patii oteviené kraniocerebralni

poranéni a likvorea.

1.3.2. Infekce v misté chirurgického vykonu

Kazda operace piedstavuje riziko SSI, avSak u neurochirurgickych a
spondylochirurgickych operaci jsou disledky infekénich komplikaci mnohem

zavaznéjsi, protoze mohou zpiisobit sekundarni poskozeni centrdlniho nervového

systému (CNS).
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Infekce v misté chirurgického vykonu jsou podle Ufedniho véstniku Evropské

unie (Official Journal of the European Union) z roku 2018 [34] definovany do 3 skupin:

Povrchové infekce v misté chirurgického vykonu:

Infekce kiize a podkozi, ktera vznikne do 30 dnt po operaci.

Hluboké infekce v misté chirurgického vykonu:
Infekce fascie, svalt, kterd vznikne do 30 dnti po operaci bez

implantat a 90 dni po operaci s implantaty.

Infekce organii a télesnych prostor:
Infekce orgdnt a télesnych prostor (meningitis, ventriculitis, absces),
ktera vznikne do 30 dnli po operaci bez implantati a 90 dni po operaci

S implantaty.

Operace mozku

Incidence SSI po kraniotomii kolisa v rozmezi od 0,8 do 5,6 % [44-45]. U
dekompresivni kraniektomie u kraniotraumatu je popisovan vys§i vyskyt téchto
infekei. Retrospektivni Wettervikova studie popisuje vyskyt u 10 % pacientt [46].

Mezi nejvice rizikové neurochirurgické operace zpohledu infekénich
komplikaci patii zavedeni likvorového shuntu, zevni likvorové drenaze a nitrolebniho
¢idla [47-51]. Vyskyt infekénich komplikaci velmi kolisd od 0 do 22 % [33]. Pti pouziti

implantati je vznik infekénich komplikaci zavisly na operacni technice, v ptipadé
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zevni likvorové drenaze a nitrolebniho Cidla také velmi zalezi na poctu dni jejich
zavedeni. U zevni likvorové drenaze v Citeriové multicentrické studii patiilo mezi
nejrizikovéjsi faktory zavedeni katétru mimo operacni sal, nebo také jiz probihajici
extrakranialni infekce [52].

Na vznik infekci ma vliv pfedoperaéni stav nemocného [53], dale pfidruZzena
interni onemocnéni (zejména diabetes mellitus), podavani kortikosteroida [44,54], stav
vyzivy a imunitniho systému. PfiCiny infek¢nich komplikaci se mohou nachazet 1
V samotném operacnim vykonu, klicova je pfedevSim chirurgickd technika, nebo
zavedeni implantati a drendzi. Vyznamnou Ulohu zaujima i pooperac¢ni obdobi,
zejména hojeni operacni rany. Zavazné riziko pro vznik infekce pfedstavuje dehiscence
operacni rany a likvorea [44].

V etiologii SSI u operaci mozku pievladaji grampozitivni stafylokoky
(Staphylococcus aureus, koagulaza negativni stafylokoky). V posledni dobé také
pfibyvaji prace, které upozoriiuji na vzestup gramnegativnich tyCinek, zejména
Acinetobacter species. U zevni likvorové drenaze dokonce Citeriova prace uvadi
rovnocenny vyskyt grampozitivnich a gramnegativnich bakterii [52].

Terapie SSI spociva v pouziti antibiotik, kterd dostatecné pronikaji do CNS. Po
uvodni empirické antibiotické terapii s pokrytim grampozitivnich a gramnegativnich
bakterii, zah4jené co nejdtive, nasleduje cilena antibioticka terapie. Doba podavani je
nejdelsi u abscesu mozku (4-6 tydnit), u katétru pak zalezi, jak dlouho je zaveden nebo
zda je ponechan, vyménén nebo extrahovan. U téZkych neuroinfekei je mozné podat
nékterd antibiotika (aminoglykosidy a vancomycin) intratekaln€ a intraventikularné
[55-57]. Urcité typy infekénich komplikaci, zejména absces mozku, subduralni nebo

epiduralni empyém, vyZzaduji dal$i neurochirurgickou intervenci.
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Infekce v misté chirurgického vykonu zvySuji ekonomickou naro¢nost
neurochirurgickych operaci, kterd souvisi s antibiotickou terapii, reoperaci a
rehospitalizaci. Tyto infekce patii mezi nejCastéjsi pficiny 30-denni neplanované
rehospitalizace (analyza databdze ACS, American College of Surgeons, u 40 802
elektivnich a akutnich operacich mozku, OR 4,90; p<0,001) [58]. Cilem
vykonu. K tomu by méla slouzit spole¢né s antibiotickou profylaxi i preventivni
hygienickd opatieni. Rada praci ukazuje, Ze aktivni piistup k jejich nastaveni a
dodrzovéani pomoci protokolu kontroly infekci vede k vyraznému sniZeni neuroinfekci

u neurochirurgickych pacientd [59-61].

Operace patere

Incidence SSI po operacich patete je v literatuie popisovana v pomérné Sirokém
rozmezi od 0,0 do 18 % [62-69]. Mezi nejrizikové€j$i operace se fadi vykony s pouZzitim
implantatt (6 -18 %) [70]. AvSak novéjsi, modernéjsi, minimalné invazivni opera¢ni
techniky, naptiklad endoskopické vykony, toto riziko snizuji [71]. 1 pfes vyvoj
technologii ale nelze opomijet zakladni faktory, které ovliviiuji vznik infekci po operaci
patete, mezi n€Z se fadi obezita [72], koufeni nebo diabetes mellitus. Ansorgeova prace
gramnegativnimi bakteriemi u perioperacné zavedeného permanentniho mocového
katétru, a to zejména u Zen [73]. V pooperacnim obdobi mohou nastat infekcni

komplikace u nehojici se operacni rany, zejména pii dehiscenci s likvoreou.
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Tyto infekce se diagnostikuji jednak podle lokélni situace v opera¢ni rané jako
je erytém, otok, hnisava sekrece, a pak podle bolesti a ptitomnosti febrilii nebo jinych
celkovych piiznaki. Pro potvrzeni infekce je zapotiebi laboratorniho vySetfeni,
zamétujiciho se predevsim na parametry zanétu a mikrobiologické nalezy. Vyznamnou
ulohu v ramci diagnostickych postupt zaujimaji zobrazovaci metody.

V etiologii infekce SSI u operaci patete prevladaji grampozitivni stafylokoky,
zejména Staphylococcus aureus.

Terapie SSI, v tivodu empiricka, vyZaduje nasazeni Sirokospektrych antibiotik
a nasledné se cilené¢ upravuje podle pivodce infekce. Délka podavani antibiotické
terapie se 1iSi podle typu infekce a podle typu chirurgické intervence. Doba nasazeni
léciva se prodluzuje pifi ponechani implantitd, pfi¢emz u hluboké infekce
S ponechdnim implantatd se intravendzni antibiotika mohou podavat 4 az 6 tydnt. Jesté
delsi antibiotickd terapie, az 3 mésice podle zanétlivych parametrl, se nasazuje v
pfipadé pooperacni discitidy nebo osteomyelitity. AvSak ndzory na takto dlouhou
antibiotickou terapii se v odborné literatute 1i8i, na coz poukazuje i Dowdell ve své
studii [70].

Nezbytnou soucasti lécebného postupu u SSI je chirurgickd intervence
s odebranim vzorku na mikrobiologické vySetfeni a s odstranénim nekrotickych a
infekci zménénych tkani.

Vznik SSI piedstavuje riziko u kazdého opera¢niho vykonu, ale u operaci pateie
je jesté vyssi vzhledem k lokalizaci operované oblasti a mozZnosti sekundarniho
poskozeni michy a dalSich nervovych struktur. Proto preventivni opatfeni a
monitorovani vyskytu téchto komplikaci zaujimaji tak dileZzité misto [74-78]. Tim, jak
vypada prevence SSI po operacich patefe v mezindrodnim kontextu, se zabyval

prizkum specialistii ve spinalni chirurgii v obdobi od listopadu 2019 do dubna 2020.
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Vysledky dotazniku od 472 chirurgl vSak odhalily pfedevSim zna¢nou nejednotnost
Vv zavadéni preventivnich strategii v pied, peri a pooperacnim obdobi na jednotlivych
pracovistich. Priizkum tak pfedevsim zvysil zajem o sjednoceni doporuceni ohledné
prevence infekci a podnitil snahu vychazet ze studii s jasné definovanou populaci

pacientt [79].

1.3.3. Respiracni infekce

Respira¢ni infekce souvisejici se zdravotni pé¢i patii mezi nejcastéji se
vyskytujici extracerebralni infekce v neurointenzivni péci. Tyto infekce se podileji na
hor$im klinickém vysledku u neurointenzivnich pacientt [42, 80-81] a soucasné jsou
spojeny s vyssi ekonomickou naro¢nosti neurointenzivni péce [82].

Respiraéni infekce zahrnuji pneumonie vzniklé v souvislosti se zdravotni péci
(HAP, Healthcare-associated pneumonia), respira¢ni infekce v souvislosti s intubaci a
umélou plicni ventilaci: ventilatorova pneumonie (VAP, Ventilator-associated
pneumonia,) a ventilatorova tracheobronchitis (VAT, Ventilator- associated
tracheobronchitis). Tyto infekce vznikaji 48 hodin po kontaktu se zdravotni péci, a déli
se na ¢asné (do 96 hodin) a pozdni (nad 96 hodin).

Vyskyt respiracnich infekci se u jednotlivych typl akutnich neurologickych a
neurochirurgickych onemocnéni 1isi. Mezi nejrizikovéj§i onemocnéni patii akutni
poranéni mozku. Zygun ve své praci u tézkého kraniotraumatu uvadi vyskyt VAP u 45
% pacienttl [83]. U akutniho mozkového krvaceni se pneumonie vyskytuji od 17 %

[84] do 19, 6 % pacient % [85]. Méné rizikovou skupinou jsou pacienti s ischemickou
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cvwr

od 5,1 % [86] do 7,1 % pacienti [87].

Diagnostika respiracni infekce vychazi 1) z klinickych symptom — nové
vzniklych febrilii > 38 °C; 2) ze zvySené respiracni sekrece nebo purulentni sekrece;
3) z laboratornich parametrii — vzestupu zanétlivych parametrti, poruchy oxygenace; 4)
z mikrobiologického nalezu; 5) ze zobrazovacich metod — novy infiltrat na rtg plic u
HAP a VAP.

Antibiotickou terapii je nutné podat co nejdiive, obzvlasté u nestabilnich
pacientli s poruchou oxygenace. Vybér antibiotika ovliviiuje ¢as vzniku infekce, ¢asné
respiracni infekce jsou zpiisobeny pfevazné grampozitivnimi bakteriemi narozdil od
pozdnich infekei, které jsou vyvolany predevSim gramnegativni bakteriemi.

Mezi nezéavislé prediktory vzniku pneumonie v neurointenzivni péci patii
aspirace pii poruse védomi nebo pfi dysfagii, intubace a tracheostomie [44, 88].

Cetnost respiraénich HAI se fadi mezi ukazatele kvality péce. Jejich vyskyt lze
omezit G¢innymi preventivnimi opatfenimi, jako je v neurointenzivni péci prevence
aspirace, ke které u pacienta pii védomi mize dochazet pii dysfagii. Pro prevenci
dysfagie u pacientii s cévni mozkovou piithodou vytvofila Cerebrovaskularni sekce
Ceské neurologické spoleénosti standardni protokol — Péée o pacienty s dysfagii po
cévni mozkové pithodé [88]. U pacientli s poruchou védomi lze zamezit aspiraci
zalude¢niho obsahu v€asnou intubaci. Prevence VAP u invazivniho zajiSténi dychacich
cest se fidi doporucenymi postupy [89-90], které spocivaji ve snizovani mikroaspirace
nahromadéného sekretu v subglotickém prostoru pomoci subglotického odsavani a
udrzovani konstantniho tlaku v manzeté u tracheélni nebo tracheostomické kanyly.

Dalsi dtlezité preventivni zasady se tykaji polohy pacienta, péce o hygienu dutiny
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ustni, zamezeni zbyte¢ného rozpojovani dychaciho systému a pouzivani uzaviené¢ho

systému pro odsavani sekretu z dychacich cest.

1.3.4. Infekce krevniho recisté

Infekce krevniho fecisté (BSI, blood stream infection) souvisejici se zdravotni
péci se fadi mezi méné se vyskytujici HAI v neurointenzivni péci [91].

Ke vzniku BSI dochézi primarné pti kontaminaci cévniho katétru (CRBSI,
catheter-related blood stream infection), nebo sekundarné pfi infekci jiného organu.

Mezi nejcastéjsi CRBSI patii infekéni komplikace spojené s centralnim zilnim
katétrem (CLABSI, central line-associated blood stream infection). Zavaznost
CLABSI zavisi na etiologickém agens, pricemz nejtézsi infekce byvaji obvykle
vyvolané MDR mikroorganismy.

Rizikem pro jejich vznik je kontaminace katétru v misté vpichu nebo pfi
rozpojeni pii aplikaci farmak infuzi. Vzhledem k vysoké preventabilité¢ téchto
infek¢nich komplikaci maji preventivni opatieni zasadni vyznam [92]. Nezbytnym
piedpokladem ke snizeni CLABSI je soubor multimodalnich preventivnich postupt,
mezi které patii indikace zavedeni centralniho Zilniho katétru, denni posouzeni, zda je
katétr stale indikovan, pfisna asepticka technika zavedeni, péce o misto vpichu,
nerozpojovani infuznich systémt, pouzivani portl, dezinfekce vstupli infuznich

systému a dodrZovani doporuceni pro jejich vyménu.
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1.3.5. Infekce mocového ustroji

Infekce mocového ustroji souvisejici se zdravotni péci patii mezi druhé
nejCastejsi extracerebralni infekéni komplikace v neurointenzivni péci [33]. Pfedevsim
se jednd o infekce vznikajici v souvislosti s permanentnim mocovym katétrem
(CAUTI, catheter-associated urinary tract infection).

Vyskyt infekci mocového ustroji se na jednotlivych neurointenzivnich
pracovistich lisi. Velmi nizké hodnoty uvadi vySe zminéna Vermeijova multicentricka
studie z 11 holandskych stroke center (4,4 % pacienti) [42] na rozdil od Wangovy
monocentrické retrospektivni studie z neurologické neurointenzivni péce, kde je
popisovan vyskyt mocovych infekci nasobné vyssi (26, 9 % pacientd) [93].

Rizikem pro vznik mocové infekce je bakteriemi kolonizovany mocovy katétr.
V kultivacnim nalezu se vyskytuji prevazné¢ gramnegativni, ¢asto MDR bakterie.
Asymptomatické bakteriurie zjisténé pti pravidelném mikrobiologickém screeningu je
tteba odliSovat od manifestni mocové infekce, protoZe u asymptomatické bakteriurie
by se neméla podavat antibiotika z divodu nartistu MDR bakterii.

K zajisténi nizkého vyskytu CAUTI v neurointenzivni péci je potieba
dodrZovat preventivni opatieni [94-95], zvazovat, zda je indikace zavedeni katétru
nezbytnd a denné ji vyhodnocovat. Permanentni mocovy katétr je nutné¢ zavadet
asepticky, dale se doporucuje pouzivat uzaviené drenazni systémy s porty pro odbér
vzorku moci k laboratornimu vySetfeni a podle vyrobce pak vyménovat katétry a

drenazni systémy.
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2. Preventivni multimodalni protokol nozokomialnich infekci na
neurointenzivni jednotce Neurocentra v Krajské nemocnici

Liberec

Preventivni multimodalni protokol nozokomiélnich infekci (déle jen Protokol)
jsme do nasi neurointenzivni péce implementovali v lednu 2001. V soucasné dobé
bychom spiSe pouzili oznaceni HAI. Tento novéjsi nazev totiz Iépe vystihuje vztah
téchto infekci v souvislosti s celym rozsahem zdravotni péce, tedy zahrnutim vykona
a osetfeni jak v ambulantni pé¢i, tak napiiklad pti kratkodobé, jednodenni hospitalizaci.
Z téchto diivodi je v textu prace misto nozokomialnich infekei uvadéno HAL

Spoleén¢ s timto Protokolem byla vlednu 2001 zavedena Kniha
nozokomialnich infekei a Prospektivni databaze pacientli hospitalizovanych na NJ
Neurocentra. Tato databaze pacientl zahrnuje nasledujici parametry:

1) demografické udaje;

2) diagndza primarniho onemocnéni;

3) typ pfijeti: primarni, sekundarni do 24 hodin a po 24 hodinach, akutni nebo

planovang, rehospitalizace;

4) skorovaci systémy: vstupni a celkovy TISS (Therapeutic Intervention

Scoring System), vstupni GCS (Glasgow Coma Scale), vstupni APACHE 11,

GOS (Glasgow Outcome Scale) po propusténi z NJ, ASA (American Society of

Anesthesiologists);

5) délka hospitalizace na NJ;

6) umrtnost na NJ;

7) operace: pocet, doba, typ operace, reoperace, den hospitalizace, akutni nebo

planovana, krevni ztrata;
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8) drenaze, kanyly, rourky, katétry, uméla plicni ventilace;

9) antibiotika: pocet, typ, délka podavani, indikace, empirické nebo cilené
podani podle kultivace;

10) mikrobiologicka monitorace: MDR bakterie ESBL, MRSA, VRE, CPE;
11) rizikové faktory: podavani kortikosteroidd, transfize, profylaxe
zalude¢niho nebo duodenalniho viedu, diabetes mellitus;

12) infek¢éni komplikace: typ, ¢as vzniku, rizikové faktory, diagnostika, terapie,
HALI je v protokolu je definovana podle doporuceni jako infekce vznikla po 48
hodindch po kontaktu se =zdravotnickou pé¢i na zaklad¢ klinického,
laboratorniho nalezu v¢etné nalezti zobrazovacich metod;

infekce v mistech chirurgického vykonu je rozdélena na povrchové, hluboké a
organové infekce;

13) C-reaktivni protein.

Tento Protokol se na nasi NJ sklada ze tfi zakladnich preventivnich postupi:

1) Preventivni hygienicka a protiepidemicka opatieni, 2) Antibioticka politika a 3)

Kontrola infekei.

2.1. Preventivni hygienicka a protiepidemicka opatieni

Zakladem hygienického a protiepidemického rezimu v nasem Protokolu je

Cistota, dezinfekce a zachovani sterility. Zasady jsou uvedeny ve standardnich

pracovnich postupech a jsou kategorizovany pro osoby vyskytujici se na NJ (personal,
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navstévy a dalsi osoby piitomné na NJ), pacienty a celé pracovisté NJ v€etné pomucek

a pristroji.
1) hygiena rukou (dostupnost dezinfek¢niho prostiedku u kazdého vstupu a u
kazdého lizka, v mistnosti Cisténi a dekontaminace pomticek), pouzivani
rukavic;
2) bariérova oSetiovaci technika: individualizace vSech oSetfovacich a
vysetfovacich pomtcek, pouzivani ustenek a ochrannych plasta;
3) oddéleni ¢istych a kontaminovanych postupi;
4) hygiena pacienta 2x denné€ s vyménou obleceni a lozniho pradla;
5) zékladni principy péce o drenaze, katétry, infuze, odsévani z dychacich cest,
dychaci okruhy: jednordzové pomicky, uzaviené systémy, minimalni nutna
doba trvani, minimdalni a pouze nutné¢ odpojeni, pouzivani systému s porty,
pravidelnd vyména (periferni zilni katétry, vSechny infuzni soupravy, spojovaci
trubice a porty, permanentni mocové katétry) a nepravidelnd vymeéna (centralni
zilni katétry, periferni arterialni katétry, trachealni a tracheostomické kanyly);
6) kryti invazivnich vstupll a ran: pravidelné vymény, plné zakryvajici a
neustale suché kryti ran;
7) pravidelny mikrobiologicky screening: po pfijeti a kazdy tfeti den — nos, krk,
trachea, kiize, mo¢, rektum; denné — likvor, kazdy vyjmuty katétr mimo
periferniho Zilniho katétru;
8) izolace pacientli s MDR bakteriemi ESBL, MRSA, VRE, CPE;
9) vybaveni — pravidelny uklid: tfikrat denné cisténi s dezinfekci povrchl
vcéetné ltzka, monitort a dalSiho vybaveni kolem liiZka, kliky u dveti a podlahy;

10) manipulace s odpady;
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11) malovani na NJ;
12) vedeni dokumentace;

13) pravidelna edukace a disledna kontrola.

2.2. Antibioticka politika

Zakladem antibiotické politiky v naSem preventivnim Protokolu je racionalni
profylaktické a terapeutické podavani antibiotik. Mezi zékladni cile patii:

1) uzka spoluprace s antibiotickym stfediskem;

2) eliminace naduzivani antibiotik;

3) profylaktické podani antibiotik:

— operace: podani antibiotika v dostatecné davce jen pred vykonem a béhem
opera¢niho vykonu (dle biologického polocasu antibiotika a krevnich ztrat),
dodrZovani nacasovani pred operaci, neprodluzovani jeho podavani po vykonu,

— zevni komorova a lumbdalni drendZ: ptred zavedenim s maximalnim
prodlouzenim na 48 hodin po zavedeni,

— nitrolebni ¢idlo: jen pfed zavedenim,

— likvorea,

— aspirace do plic: do kontrolniho RTG vySetieni;

4) terapeutické podani antibiotika: jen pfi infekci (ne u kolonizace), pokud Ize
pockat dle klinického prabéhu =zacit terapii az po odebrani vzorku
k mikrobiologickému vySetieni, deeskalace podle citlivosti antibiotika;

5) monitorovani antibiotik v databazi;

6) monitorovani MDR bakterii.
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2.3. Kontrola infekci

Pro evidenci a kontrolu infekci slouzi na NJ Kniha nozokomialnich infekci a
Prospektivni databdze pacientd, které byly zavedeny vlednu 2001 spolecné
S preventivnim Protokolem. V Knize nozokomidlnich infekci evidujeme druh a
rizikové faktory vzniku HAI s naslednou analyzou a navrhem opatfeni. Prospektivni
databaze pacientii je vedena v excelovém souboru, ve kterém se nachazeji idaje
vztahujici se k infekénim komplikacim u pacientl hospitalizovanych na NJ. Infekce

jsou soucasné hlaseny na oddéleni nemocniéni hygieny KNL.
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3. Komentované prace

Prezentovana habilitatni prace se zabyva problematikou prevence infekcnich
komplikaci v neurointenzivni péci. Ve Ctyfech publikacich je vyhodnocen nés ptistup
Vv oblasti prevence infekci spojenych se zdravotni péci na nasi neurointenzivni jednotce,
kde se této problematice vénujeme jiz dlouhodobé. V roce 2001 byl u nas
implementovan Preventivni multimodalni protokol nozokomialnich infekci, jehoz jsem
autorkou. Tento protokol byl na nasi neurointenzivni jednotce zaveden o deset let diive
nez byl Ministerstvem zdravotnictvi Ceské republiky vydan metodicky pokyn na
podporu zavedeni preventivniho programu prevence a kontroly infekci do klinické
praxe (2011) [2], pfiCemz se ndS lokalni protokol od tohoto metodického pokynu v
zakladnich principech nelisi.

Utinna realizace komplexniho preventivniho programu viak v roce 2001 nebyla
jednoducha. Uvodni sestaveni a zavedeni v praxi realizovatelnych standardnich
hygienickych a epidemiologickych postuptl, pravidel pro profylaktické a terapeutické
podavani antibiotik a programu kontroly infekci, zdaleka nepfedstavovalo tu
Vv udrZitelnosti preventivniho programu. Zatimco dnes vedeni nemocnice vyZaduje
dodrzovani téchto principli na zdkladé nejen metodického pokynu ale i v rdmci
programu prevence a kontroly infekei v akreditaénim standardu od Spojené akreditacni
komise [15], v dobé zavedeni naseho protokolu bylo jeho prosazovani mnohem
vysledky mély poukazat na vyznam preventivniho programu. Mym cilem dale bylo
ziskat objektivni data, kterd by slouzila jako piehled pro naSe i jind oddé€leni JIP

podobng, jako slouzi mezinarodni prevalen¢ni velké bodové studie poradané ECDC [3-
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5]. Tteti bodové prevalenéni studie v roce 2023 [5] se ucastnilo v ramci celé nemocnice
1 nase odd¢leni.

Prezentované studie habilitacni prace sleduji dlouhodobé incidence infekci
spojenych se zdravotni péc¢i, pouzivani antibiotik a vyskytu MDR bakterii v
prospektivnich klinickych studiich. Pro zajisténi kvality vyzkumu jsem zavedla
v excelovém souboru Prospektivni databazi pacienti a samostatnou Knihu
nozokomialnich infekei.

Tento vyzkum byl rozdélen podle typu studované populace do dvou tematickych
vétSich celk. Prvni ¢ast se zabyvala ucinnosti nastaveného preventivniho
multimodalniho protokolu u pacientti s akutnim primarnim onemocnénim mozku.
Vysledky této prace byly publikovany v ¢asopise BMC Neurology a publikace ma 8
citaci dle Web of Science (WoS).

Druhd tematickd oblast se vztahuje k primdrnimu onemocnéni patefe. Tato Cast
vyzkumu sledovala vyskyt SSI. Vzhledem k rGznému stupni rizika vzniku SSI u
jednotlivych ¢asti patefe [96] byla prace rozd€lena na tii prospektivni studie. Prvni
vyzkumna oblast byla zaméfena na sledovani incidence SSI v oblasti hrudni a bederni
patete. Vysledky vyzkumu byly publikovany v casopise Journal of Orthopaedic
Surgery and Research a tato publikace ma 9 citaci dle WOS. Druha ¢ast vyzkumu se
tykala incidenci SSI u operaci kréni patete z predniho a zadniho operaéniho ptistupu.
Tato prace byla publikovana v The European Journal of Orthopaedic Surgery and
Traumatology a ma 3 citace dle WOS, pficemz A. Lerch si vybral naSe data do
metaanalyzy o drenazich, kterou publikoval v ¢asopise British Journal of Neurosurgery
[97]. Tteti ¢ast vyzkumu probihala u operaci kréni patefe transoralnim ptistupem. Tato
prace byla publikovana v casopise BMC Anesthesiology. Cely vyzkum o SSI po

operacich patefe se stal v roce 2023 pilifem pro obhdjeni prestizniho evropského
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certifikatu Centra excelence ve spindlni chirurgii od evropské spolecnosti Spine
Society of Europe v oblasti kontroly infekci.

Ve vSech ctyfech prezentovanych publikacich jsem prvni autorkou.
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3.1. Souhrn komentovanych praci vztahujicich se k habilita¢ni praci

1. SPATENKOVA, Vera*(corresponding author)*, Ondrej BRADAC, Daniela

FACKOVA, Zdenka BOHUNOVA and Petr SUCHOMEL. Low incidence of
multidrug-resistant bacteria and nosocomial infection due to a preventive
multimodal nosocomial infection control: a 10-year single centre prospective
cohort study in neurocritical care. Bmc Neurology [online]. 2018, 18(23, Article
23). ISSN 1471-2377. Available at: doi:10.1186/s12883-018-1031-6
Document Type: Article; IF =2,233; median IF CLINICAL NEUROLOGY

— SCIE 2,635; according to AIS CLINICAL NEUROLOGY - SCIE Q2

SPATENKOVA, Vera*(corresponding author)*, Ondrej BRADAC, Zdenek
JINDRISEK, Jan HRADIL, Daniela FACKOVA and Milada HALACOVA. Risk
factors associated with surgical site infections after thoracic or lumbar surgery:
a 6-year single centre prospective cohort study. Journal Of Orthopaedic
Surgery And Research [online]. 2021, 16(1, Article 265). ISSN 1749-799X.
Available at: doi:10.1186/s13018-021-02418-1

Document Type: Article; IF = 2,677; median IF ORTHOPEDICS - SCIE

2,620; according to IF ORTHOPEDICS — SCIE (Science Citation Index

Expanded) Q2

SPATENKOVA, Vera*(corresponding author)*, Ondrej BRADAC, Zuzana
MARECKOVA, Petr SUCHOMEL, Jan HRADIL, Eduard KURISCAK and
Milada HALACOVA. Incidence of surgical site infections after cervical spine
surgery: results of a single-center cohort study adhering to multimodal

preventive wound control protocol. European Journal Of Orthopaedic Surgery
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And Traumatology [online]. 2023, 33(5), 1997-2004. ISSN 1432-1068.
Available at: doi:10.1007/s00590-022-03379-9
Document Type: Article; IF = 1,400; median IF ORTHOPEDICS - ESCI
1,650 + SURGERY - ESCI 1,600; according to IF ORTHOPEDICS -

ESCI Q3

4. SPATENKOVA, Vera*(corresponding author)*, David SILA, Milada
HALACOVA, Jan HRADIL, Zdenek KREJZAR and Eduard KURISCAK.
Individualized perioperative management in transoral spine surgery: a single-
center cohort study evaluating surgical wound complications and wound
infections. Bmc Anesthesiology [online]. 2022, 22(1, Article 123). ISSN 1471-
2253. Available at: doi:10.1186/s12871-022-01673-x

Document Type: Article; IF = 2,200; median IF ANESTHESIOLOGY -

SCIE 2,900; according to IF ANESTHESIOLOGY - SCIE Q3
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3.2. Infekce souvisejici se zdravotni péci u onemocnéni mozku

3.2.1. Low incidence of multidrug-resistant bacteria and nosocomial
infection due to a preventive multimodal nosocomial infection
control: a 10-year single centre prospective cohort study in

neurocritical care. BMC Neurology. 2018

Prvni prezentovana prospektivni klinickd studie analyzovala ucinnost
Preventivniho multimodalniho protokolu nozokomialnich infekci na nasi NJ jiz od
doby zavedeni, tedy od roku 2001. Unikatni byla studie predevs§im svym rozsahem,
protoze konsekutivni sledovani trvajici vice nez dvé dekady je ojedin€lé i ve svétové
literatute. Poskytla tak robustni zéklad pro dalsi smétfovani vyzkumu. Zakladni oblast
vyzkumu byla zaméfena na zdsadni postupy snizujici vyskyt infekénich komplikaci
V intenzivni péci, na hygienické a protiepidemické postupy, antibiotickou politiku,
vyskyt MDR bakterii a kontrolu infekei souvisejicich se zdravotni péci. Cilem prace
bylo sledovani uc¢innosti tohoto komplexniho preventivniho multimodalni programu,
ktery do roku 2001 na nasi NJ chybél. Vysledky potvrdily nase ocekavani, po zavedeni
protokolu se incidence infek¢nich komplikaci snizila z 9,1 % pacientii na 4,7 % a byla
sledovana velmi nizka incidence MDR bakterii (ESBL 1,9 % pacientti a MRSA 1,5 %
pacientil). Dale vyzkum potvrdil vyznamné prediktory vzniku HAI, tedy zvySeni rizika
infekce pifi zavedeni mocového katétru, pii transfuzi, pi1 vyskytu primarné
neinfekénich komplikaci v operacni ran€, a predevSim pak pfi zajiStovani dychacich
cest u umélé plicni ventilace. Diky tomu byla pifehodnocena strategie v prevenci
infek¢énich komplikaci, doSlo k zacileni programu na tyto vyznamné prediktory, k

upravé protokoli a ke zméné piistupu k indikacim HAIL Protoze neinfekéni
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komplikace v opera¢ni ran¢ piedstavuji zavazné riziko vzniku SSI staly se podnétem
pro pokracovani dalSiho vyzkumu.

Vysledky této prace také oslovily zahraniéni autory k jejimu citovani. Ctyfi
citace souviseji s dilezitosti aktivniho preventivniho programu. Deng ve své praci
zroku 2019 v Surgical Infections poukazuje na dutlezitost aktivniho pfistupu
v prevenci infekci krevniho ftecisté [98]. Dalsi dvé citované prace, Onoderova
publikace z roku 2021 v Neurologia medico-chirurgica [99] a Rafava publikace z roku
2022 v International Journal of Environmental Research and Public Health [100],
uvadéji naSi praci v souvislosti s aktivnim piistupem v prevenci HAI u
neurointenzivnich pacientl. Na§ pravidelny mikrobiologicky screening provadény od
pfijeti a nasledn¢ kazdy tieti den zaujal Dantase v jeho praci o prevenci infekci z roku
2020 v Rev Rene [101]. V otazce sledovani progndzy, je naSe prace citovana
Lauplandové publikaci z roku 2019 v Clinical Epidemiology o feSeni prognozy u
infekci krevniho fecisté [102].

I kdyZ se lékarska véda zabyva prevenci infek¢énich komplikaci mnoho let, tak
1 pfesto je tato otdzka v dneSni soucasné dobé stdle aktudlni a Zadouci, zejména
V neurointenzivni péc¢i. NaSe prace jednoznacné ukazuje, ze U€inny komplexni
multimodalniho program ma své misto v prevenci a kontrole HAI u neurointenzivnich
pacientd.

Vysledky této studie byly poprvé prezentovany v roce 2016 formou e-posteru
na Annual Congress European Society of Intensive Care Medicine v Milang. Soucasti
prezentace byl publikovany abstrakt v Intensive Care Medicine Experimental,
Spatenkova V, Bradac O, Suchomel. Preventive multimodal nosocomial infection

protocol in neurocritical care. 2016;4(S1):426.
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Tato vyzkumna prace byla publikovana v BMC Neurology, v dobrém
zahrani¢nim recenzovaném Casopise s impakt faktorem 2,233, Q2 dle SCIE v Kkategorii
klinické neurologie, open access a Casopisem vydavanym v nakladatelstvi Springer.

Tato publikace ma 8 citaci dle WoS.
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Preventive multimodal nosocomial infection
protocol in neurocritical care

SPATENKOVAV ', BRADAC 02, SUCHOMELP 3

'Neurocenter Neurdntensive Care Unit, Regional Hospital, Liberec
2Department of Neurosurgery, Central Military Hospital and Charles University, Prague
SNeurocenter, Departmendf of Neurosurgery, Regional Hospitdljberec

CZECH REPUBLIC

29t Annual Congress ESICM, Milan, 1-8 October 2016

Introduction

Nosocomial infections are still an issue in neurocritical care.

AIM OF THE STUDY

Analysis of nosocomial infection s in their preventive multimodal protocol

in patients with acute brain disease

Methods

O 10-year prospective observational cohort study
U Setin an eight-bed adult neurointensive care unit (NICU)
U 3464 patients with acute brain disease
U Preventive multimodal protocol consists of:
1) Maintain ing a hygienic and epidemiological regime
2) Correct antibiotic policy
3) Regular microbiological screening

29t AnnualCongress ESICM, Milan, 48 October2016
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Methods

Nosocomial infection N=198 (5.7%) patients
Wound 72 (36.4%)
Respiratory 63 (31.8%)
VAP 34

Urinary 35 (17.7%)

Bloodstream 21 (10.6%)

Others 7 (3.6%)

Results
P t unit | 1o NI Control |

arameter ni population group ontrol group p value
Number _total pts 3464 198 (5.7%) 3266
Age pts 57.2+15.6 56.3+15.6 0.416
Male pts 2004 117 1887 0.716
BMI 26.815.0 26.81+4.9 0.966
NICU stay day 15.3+11.7 4.845.4 <0.001
Total TISS 270632.8 +231533.1 | 60415.1+92140.3 | <0.001
Admission GCS 11.5+3.5 13.1£3.0 <0.001
Admission APACHE I 15.1+5.5 11.8+5.8 <0.001
NICU Mortality pts 152 21 131 <0.001

Results
Parameter Unit Tota! NI group Coril p value
polulation group

Artery catheter pts 907 90 817 <0.001
Radial pts 873 89 784 0.165
Brachial pts 14 0 14 0.21
Femoral pts 36 2 34 0.371
Time NICU day 8.2745.45 4.10+£3.36 0.094
Central venous catheter pts 372 64 308 <0.001
Subclavian pts 336 60 276 0.308
Jugular pts 19 1 18 0.157
Femoral pts 16 4 12 0.398
Axillary pts 7 1 6 0.836
Time in NICU day 8.20+7.31 4.70+4.92 <0.001
Inserted in NICU pts 162 41 121 <0.001
Inserted in operating ots 14 1 13 0.309
theatre
Urinary catheter pts 3166 189 2927 0.008
Epicystostomy pts 6 1 5 0.247
Time in NICU day 15.5+11.6 4.745.5 <0.001

29t AnnualCongress ESICM,
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Results

Parameter Unit pol-[ﬁta?ilon NI group Control group p value
Airways pts 710 112 598 <0.001
Intubation pts 327 15 312
Tracheostomy pts 161 29 132 <0.001
Both pts 222 68 154
Intubation time NICU day 4.242.1 2.942.2 <0.001
Tracheostomy time NICU day 14.2410.2 8.447.8 <0.001
Tracheostomy type
Percutaneous dilatational pts 332 87 245 0.456
Classical pts 43 9 34 )
Mechanical ventilation pts 543 87 456 <0.001
Invasive pts 539 87 452 <0.001
Time day 14.149.9 5.615.9 <0.001
Indication

Neuro pts 414 54 360 0.161
Respiratory pts 32 7 25 )
29" AnnualCongress ESICM, Milan, 48 October2016
Results
Parameter Unit Tota! NI group o] p value
polulation group
ATB profylaxis pts 2183 127 2056 0.736
Operation pts 2049 116 1933 0.222
ATB therapy pts 335 169 166 <0.001
Multiresistant B.
ESBL pts 67 61 0.566
MRSA pts 52 45 0.320
Multivariate analysis
NI predictors Odds Ratio Lower CL 95% Upper CL 95% p value
Artery catheter 3.68 2.65 5.1 < 0.001
Central venous catherer 4.97 3.49 7.07 < 0.001
Airways 7.40 5.27 10.39 < 0.001
Mechanical ventilation 6.74 4.84 9.40 < 0.001
Urine catheter 4.23 1.56 11.50 0.005
Operations 1.65 1.14 2.39 0.008
Drainage 2.42 1.71 3.42 < 0.001
Wound complications 7.21 4.60 11.30 < 0.001
MRSA 2.90 1.22 6.89 0.016

29" AnnualCongress ESICM, Milan, 48 October2016
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Conclusion

= Nosocomial infections were associated with
worse outcome , higher cost.

= Catheter accesses are still risk factors in a
preventive multimodal protocol.

29" AnnualCongress ESICM, Milan, 48 October2016
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https://doi.org/10.1186/512883-018-1031-6 BMC Neuro I Ogy

Low incidence of multidrug-resistant L
bacteria and nosocomial infection due to a
preventive multimodal nosocomial

infection control: a 10-year single centre
prospective cohort study in neurocritical

care

Vera Spatenkova''®, Ondrej Bradac?, Daniela Fackova®, Zdenka Bohunova® and Petr Suchomel®

Abstract

Background: Nosocomial infection (NI) control is an important issue in neurocritical care due to secondary brain
damage and the increased morbidity and mortality of primary acute neurocritical care patients. The primary aim of
this study was to determine incidence of nosocomial infections and multidrug-resistant bacteria and seek predictors
of nosocomial infections in a preventive multimodal nosocomial infection protocol in the neurointensive care unit
(NICU). The secondary aim focused on their impact on stay, mortality and cost in the NICU.

Methods: A10-year, single-centre prospective observational cohort study was conducted on 3464 acute brain disease
patients. There were 198 (5.7%) patients with nosocomial infection (wound 2.1%, respiratory 1.8%, urinary 1.
0%, bloodstream 0.7% and other 0.1%); 67 (1.9%) with Extended spectrum beta-lactamase (ESBL); 52 (1.5%)
with Methicillin-resistant Staphylococcus aureus (MRSA), nobody with Vancomycin-resistant enterococcus (VRE).
The protocol included hygienic, epidemiological status and antibiotic policy. Univariate and multivarite logistic
regression analysis was used for identifying predictors of nosocomial infection.

Results: From 198 NI patients, 153 had onset of NI during their NICU stay (4.4%; wound 1.0%, respiratory 1.7%, urinary 0.
9%, bloodstream 0.6%, other 0.1%); ESBL in 31 (0.9%) patients, MRSA in 30 (0.9%) patients. Antibiotics in prophylaxis was
given to 63.0% patients (59.2 % for operations), in therapy to 9.7% patients. Predictors of NI in multivariate logistic
regression analysis were airways (OR 2.69, 95% C| 1.81-3.99, p<0.001), urine catheters (OR 2.77, 95% Cl 1.00-7.70,
p=0050), NICU stay (OR 1.14, 95% Cl 1.12-1.16, p<0.001), transfusions (OR 1.79, 95% Cl 1.07-297, p=0.025) antibiotic
prophylaxis (OR 0.50, 95% Cl 0.34-0.74, p<0.001), wound complications (OR 230, 95% C| 1.33-3.97, p=0.003). NI patients
had longer stay (p<0.001), higher mortality (p<0.001) and higher TISS sums (p<0.001) in the NICU.

Conclusions: The presented preventive multimodal nosocomial infection control management was efficient; it gave
low rates of nosocomial infections (4.2%) and multidrug-resistant bacteria (ESBL 0.9%, MRSA 0.9% and no VRE). Strong
predictors for onset of nosocomial infection were accesses such as airways and urine catheters, NICU stay, antibiotic
prophylaxis, wound complications and transfusion. This study confirmed nosocomial infection is associated with worse
outcome, higher cost and longer NICU stay.

Keywords: Neurocritical care, Nosocomial infections, Multidrug-resistant bacteria, Outcome, Preventive protocol
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Background

Nosocomial infections (NI) are still an important issue in
neurocritical care due to secondary brain damage and the
increased morbidity and mortality of primary acute neuro-
critical care patients [1-5]. NI is associated with higher
antibiotic consumption, thereby worsening the epidemio-
logical situation in the intensive care unit by increasing the
occurrence of multidrug-resistant bacteria [6]. For these
reasons, they have a significant economic impact because
they prolong stay [7-10] in the neurointensive care
unit (NICU) and the higher frequency of diagnostic
and therapeutic processing significantly raises health-
care costs.

Nosocomial infections can be caused by many risk fac-
tors, not all of which have been fully investigated. How-
ever, keeping a hygienic and epidemiological regime of
critical care [11-13] and the rational use of antibiotics
makes a significant impact [14, 15].

The primary aim of this study was to determine inci-
dence of nosocomial infections and multidrug-resistant
bacteria and seek predictors of nosocomial infections in
a preventive multimodal nosocomial infection protocol
in our neurocritical care. The secondary aim focused on
their impact on stay, mortality and cost in the NICU.

Method

Study design and setting

A monocentric 10-year observation prospective cohort
study was conducted in the entire population of 3464
patients with acute brain disease, admitted to an eight-bed,
adult neurological and neurosurgical intensive care unit in
the Neurocenter of the 900-bed Regional Hospital with a
catchment area of approximately half a million people. The
study was performed in the NICU, which consists of four
different rooms: one room with one bed, two rooms with
two beds and one room with three beds. The study was
approved by the Liberec hospital Ethics Committees for
Multicentric Clinical Trials.

We prospectively examined the following determined
demographic and clinical parameters in our local NICU:
brain diagnosis, type of admission (primary, secondary
to 24 hours and after 24 hours; acute or planned; rehospita-
lisation), admission and overall Therapeutic Intervention
Scoring System (TISS), admission Glasgow Coma Scale
(GCS), admission Acute Physiology and Chronic Health
Evaluation (APACHE) II score, length of stay in the NICU,
mortality in the NICU, Glasgow Outcome Scale (GOS)
upon discharge from the NICU, C-reactive protein (CRP),
operations (amount, day of hospital and NICU hospitalisa-
tion, acute or planned, reoperation, time and type of oper-
ation), American Society of Anesthesiologists (ASA) Score,
drainage, airways, mechanical ventilation, catheters (artery,
central venous, urine) and tubes, administration of corti-
coids, transfusions, ulcer prophylaxis and diabetes mellitus.
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Preventive multimodal nosocomial infection protocol

In the preventive multimodal nosocomial infection proto-
col, we categorised hygienic and epidemiological status and
antibiotic policy.

Hygienic and epidemiological regime

The basis of the hygienic and epidemiological regime in
our preventive multimodal protocol consisted of clean-
liness, disinfection, sterilisation, barrier patient care
techniques, the separation of clean and contaminated
procedures and the regular monthly exchange of disin-
fectants. We categorised principles for staff, patients
and facilities.

1/Staff and visitors

The foremost part of this protocol was maintaining the
hygiene and disinfection of all staff members’” hands before
and after care for each patient, enabled by the bottled dis-
infectant provided at each entrance and each bed. This
rule was also required for visitors. Staff members were not
allowed to wear jewellery or watches on their hands and
had to keep their fingernails cut short. Internal staff had
to wear new, clean, special NICU clothing every day, a
protective coat when outside the NICU, and masks, surgi-
cal caps and gowns when caring for isolated patients or
during invasive medical procedures. Aprons were worn
while washing patients. External staff as well as visitors
wore surgical gowns, but not overshoes, and only 2 family
members were allowed in the patient’s room at a time.

2/Patients

Care of the patient was performed on the principle of
barrier care techniques. Tools for individual patients
including disinfection, stethoscopes, thermometers and
washing aids were available by each bed. Patients were
washed twice a day with liquid soap. Disinfection soap
was used only before entering the operating theatre. Oral
hygiene included cleaning teeth with our special tooth-
brushes with chlorhexidine and subglottic secretion drain-
age, after washing, the patient’s body was rubbed with a
non-allergic cream. Patients’ clothes and bedding were
changed twice a day. Dirty laundry was put in special
sacks rather than dropped freely on the floor.

Basic principles of care for drainage, catheters, infu-
sion, suction from the airway, breathing circuit sets,
tubes included: 1/single-use products, 2/closed systems, 3/
the minimum necessary duration, 4/minimal and only ne-
cessary disconnection, using the port system, 5/the regular
(peripheral venous catheters, all infusion sets, connecting
tubes and ports) and irregular (central venous catheters,
endotracheal tubes and tracheostomy) exchange of all these
tubes and catheters was made according to the exchange
protocol. Invasive procedures included the sterile insertion
of systems and regularly exchanged, fully covering and
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Table 1 Demographic and clinical data of population of patients with acute brain disease, with or without nosocomial infection

Parameter Unit Total population NI group Control group p value
Number total pts 3464 (100%) 198 (5.7%) 3266 (94.3%)
January pts 327 (9.4%) 7 (3.6%) 310 (9.5%)
February pts 249 (7.2%) 19 (9.6%) 230 (7.0%)
March pts 267 (7.7%) 19 (9.6%) 248 (7.6%)
April pts 305 (8.8%) 13 (6.6%) 292 (8.9%)
May pts 269 (7.8%) 21 (10.6%) 248 (7.6%)
June pts 290 (8.4%) 17 (8.6%) 273 (84%) 0.660
July pts 310 (8.9%) 19 (9.6%) 291 (8.9%)
August pts 274 (7.98%) 12 (6.1%) 262 (8.0%)
September pts 307 (8.9%) 14 (7.1%) 293 (9.0%)
October pts 280 (8.1%) 13 (6.6%) 267 (8.2%)
November pts 291 (8.4%) 17 (8.6%) 274 (84%)
December pts 295 (8.5%) 17 (8.6%) 278 (8.5%)
Age pts 572£156 56.3£15.6 0416
Male pts 2004 (57.9%) 117 (59.1%) 1887 (57.8%) 0716
Weight kg 787+17.1 77.6x158 0423
BMI 268+5.0 26.8+4.9 0.966
NICU stay day 1534117 48454 <0001
Admission
Primary pts 746 (21.5%) 47 (23.7%) 699 (21.4%)
Secondary to 24 h pts 739 (21.3%) 51 (25.8%) 688 (21.1%) 0.134
Secondary after 24 h pts 1979 (57.1%) 100 (50.5%) 1879 (57.5%)
Acute admission pts 1020 (294%) 70 (35.4%) 950 (29.1%) <0.001
Rehospitalisation pts 40 (1.22%) 4 (2.0%) 44 (1.3%) 0331
Diagnoses
Stroke pts 1498 (43.2%) 110 (55.6%) 1388 (42.5%)
Trauma pts 472 (13.6%) 27 (13.6%) 445 (136%)
Tumour pts 1078 (31.1%) 33 (16.7%) 1045 (32.0%) <0.001
Epilepsy pts 133 (3.8%) 3 (1.5%) 130 (4.0%)
Hydrocephalus pts 119 (3.4%) 13 (6.6%) 106 (3.2%)
Infection pts 88 (2.5%) 11 (5.6%) 77 (24%)
Others pts 75 (2.2%) 1 (0.5%) 74 (2.3%)
Stroke pts <0.001
Ischemic pts 580 (16.7%) 21 (10.6%) 559 (17.1%)
ICH pts 471 (13.6%) 49 (24.7%) 422 (12.9%)
SAH pts 447 (12.9%) 40 (20.2%) 407 (12.5%)
TISS on admission 547419 56.0+1.7 <0.001
TISS total 270632.8+231533.1 60415.1492140.3 <0.001
GCS on admission 115435 13.1+30 <0.001
APACHE Il on admission 151455 11.8458 <0.001
GOS on NICU discharge 31+£11 39+1.1 <0.001
Mortality in NICU pts 152 (4.4%) 21 (10.6%) 131 (4.0%) <0.001
Mortality in NICU day 1624104 7.5%57 <0001
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Table 1 Demographic and clinical data of population of patients with acute brain disease, with or without nosocomial infection

(Continued)

Parameter Unit Total population NI group Control group p value
CRP on admission 3174456 17.5439.1 <0.001
CRP postoperative 300+44.4 14.0+33.0 <0001
CRP 1 day after operation 59.8+56.9 31.6+39.6 <0001
CRP highest in NICU stay 2280+1225 66.1+80.3 <0.001

BMI body mass index, NICU neurointensive care unit, /CH intracerebral haemorrhage, SAH subarachnoid haemorrhage, TISS Therapeutic Intervention Scoring
System, GCS Glasgow Coma Scale, APACHE Acute Physiology and Chronic Health Evaluation, GOS Glasgow Outcome Scale, CRP C-reactive protein

constantly dry sterile wound covers. Furthermore, the
protocol included the hourly monitoring of residual
gastric volume.

The protocol included the regular microbiological screen-
ing of nose, throat, trachea, skin, urine and rectum from
admission and then every three days, as well as every
catheter except the peripheral venous for the timely de-
tection of multidrug-resistant bacteria extended spectrum
beta-lactamases (ESBL) or methicillin-resistant Staphylo-
coccus aureus (MRSA) or Vancomycin-resistant entero-
coccus (VRE).

Patients with an infection or with multidrug-resistant
bacteria ESBL and MRSA were completely isolated.

3/Facilities

Daily cleaning with disinfection of surfaces including the
bed, monitors, and other equipment around the bed, door
handles and floors was conducted three times a day. Walls
were cleaned once a day for the isolated patients, other-
wise once a week. Each room had its own bucket for sur-
faces and walls. The floors were mopped using a system of
two buckets and a cloth, with each room having its own.
All cupboards containing materials and medical equip-
ment were cleaned with disinfectant once a week. Waste
was sorted and disposed of using specially marked plastic
containers and sacks. After the patient was discharged, the
bed was completely disinfected. The room was painted
with a washable coating once a year.

Antibiotic policy

The protocol included the monitoring of antibiotics in a
local computer database. Antibiotic policy was imple-
mented in close cooperation with the antibiotic centre
and intended to keep the rational antibiotic policy aim
of eliminating the overuse of antibiotics, especially those
not used during bacterial pathogeny colonisation. The in-
dications for using prophylactic antibiotics were surgical
procedures (operation, external ventricular and lumbar
drainage, intracranial sensors), liquorrhoea and aspiration.
The protocol required maintaining dose and timing before
the operation, perioperative administration for lengthy op-
erations, and the non-prolongation of antibiotic adminis-
tration after the operation or drainage or implantation of
sensors. Empiric antibiotic therapy was to start after
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samples were taken for microbiological examination to
enable their administration according to culture and
sensitivity.

Nosocomial infection

Infections were identified according to clinical symptoms
such as fever, bacterial pathogens from secretions, liquor,
urine, wounds, catheters, haemoculture with a defined
microbiology colony count, imaging methods, biochemical
and haematological laboratory tests. Nosocomial infections
were defined as infections starting after two calendar days
in the hospital. We identified nosocomial infections in 198
patients (5.7%). There were more wound infections (2.1%),
than respiratory (1.8%), urinary (1.0%), bloodstream (0.7%)
and others (0.1%).

Statistical analysis

Parametric t-tests or non-parametric Mann-Whitney U
tests were used for comparison of continuous variables.
Comparison of categorical parameters was carried out
using Chi-square or Fisher tests as appropriate. Univariate
logistic regression was used for identifying prognostic
factors of NI Factors from univarite analysis with level of
significance defined as p <0.1 were used for multivarite re-
gression analysis, factors with p value <0.1 were left in the
model. P-values of less than 0.05 were considered signifi-
cant. STATISTICA 13.2 (TIBCO Software Inc., Palo Alto,
CA, USA) software was used for statistical analyses. The
control group was defined as patients without nosocomial
infections.

Results

We did not find any demographic differences such as age,
gender, weight or body mass index between the NI group
and the control group, as can be seen in Table 1. However,
there was a difference in diagnosis, more patients with
stroke and hydrocephalus had more NI than those with
other diagnoses. According to the scoring system, patients
with nosocomial infection upon admission had signifi-
cantly lower GCS scale and higher APACHE II. Prognostic
parameters were also significantly higher in the NI pa-
tients group. They stayed in the NICU longer, had higher
mortality and worse Glasgow Coma Scale upon discharge.
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Table 2 Characteristics of brain operations
Operation Unit Total population N=2231 NI group N=151 Control group N=2080 p value
QOperation pts 2231(64.4%) 151(76.3%) 2080 (63.7%) <0.001
More than 1 operation pts 214(9.6%) 42(27.8%) 172(8.3%) <0.001
ASA score 38+10 3111 <0001
Day of hospitalisation day 55+98 714171 0430
Day of NICU 16+13 13%1.1 0.535
Acute operation pts 905(40.6%) 106(70.2%) 799(38.4%) <0.001
Reoperation pts 479(21.5%) 58(38.4%) 421(20.2%) <0.001
Time of operation minutes 151941084 137.7+894 0.080
Craniotomy pts 1361(61.0%) 82(54.3%) 1279(61.5%) 0.080
Craniectomy pts 363(16.3%) 50(33.1%) 313(15.0%) <0.001
Trepanation pts 227(10.2%) 23(15.2%) 204(9.8%) 0.033
Hypophysis pts 85(3.8%) 0(0.0%) 85(4.1%) 0011
Shunt pts 108(4.8%) 12(7.9%) 96(4.6%) 0.066
Others pts 99(4.4%) 9(6.0%) 90(4.3%) 0.347
Drainage pts 1678(75.2%) 131(86.8%) 1547(74.4%) <0.001
Redon pts 858(38.5%) 49(32.5%) 809(38.9%) 0.001
Time overall day 20+09 18+13 0.395
Gravity drainage pts 807(36.2%) 75(49.7%) 732(35.2%) 0.029
Time overall day 35+2.1 27422 0.004
Lumbar pts 218(9.8%) 36(23.8%) 182(8.8%) <0.001
Day overall day 77E55 51432 <0.001
Ventricular pts 138(6.2%) 21(13.9%) 117(5.6%) <0.001
Day overall day 134499 59443 <0.001
ASA American Society of Ar care unit
Table 3 Characteristics of respiratory procedures
Parameter Unit Total population N=3646 NI group N=198 Control group p value
N=3266
Airways pts 710 (20.5%) 112 (56.6%) 598 (18.3%) <0.001
ETT pts 327(46.1%) 15(134%) 312(52.2%)
TSK pts 161(22.7%) 29(25.9%) 132(22.1%) <0.001
ETT/TST pts 222(31.3%) 68(60.7%) 154(25.8%)
ETK time NICU day 42421 29422 <0.001
ETK time day 44%2.1 29423 <0.001
TSK time NICU day 1424102 84+7.8 <0.001
TSK time day 21.8+346 21.6+62.2 0980
TSK type Classic pts 43(11.2%) 9(9.3%) 34(11.9%) 0456
TSK NICU made pts 250(65.3%) 75(77.3%) 175(61.2%) 0.006
Mechanical ventilation pts 543(15.7%) 87(43.9%) 456(14.0%) <0.001
Invasive pts 539(99.3%) 87(100.0%) 452(99.1%) <0.001
Time day 141499 56159 <0.001
Indication
Neuro pts 414(76.2%) 54(62.1%) 360(78.9%) 0.161
Respiratory pts 32(5.9%) 7(8.0%) 25(5.5%)

ETT endotracheal tube, TST tracheostomy tube, N/CU neurointensive care unit
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They were also more expensive economically, and had sig-
nificantly higher total TISS.

Characteristics of brain operations can be seen in
Table 2. Patients who had undergone operations and drain-
age had significantly higher nosocomial infection. These
patients had more endotracheal tubes and tracheostomies,

Table 4 Characteristics of vascular catheters
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mechanical ventilations (Table 3), artery and central
venous catheters (Table 4), urine and gastrointestinal
tubes (Table 5).

We confirmed transfusions (p<0.001), ulcer prophylaxis
(p<0.001) and corticoids (p=0.002) as further parameters
influencing nosocomial infection, but we did not see more

Parameter Unit Total population N=3464 NI group N=198 Control group N=3266 p value
Artery catheter pts 907(26.2%) 90(45.5%) 817(25.0%) <0.001
Time day 95466 7537 0018
Number of artery catheters 923(100.0%) 91(100.0%) 832(100.0%)
Radialis pts 873(94.6%) 89(97.8%) 784(94.2%) 0.165
Brachialis pts 14(1.5%) 0(0.0%) 14(1.7%) 021
Femoralis pts 36(3.9%) 2(2.2%) 34(4.1%) 0371
Left pts 598(64.8%) 64(70.3%) 534(64.2%) 0.275
Time in NICU day 827+545 4.10£3.36 0.094
Time all day 8414540 4414343 0377
Made in NICU pts 216(234%) 47(51.6%) 169(20.3%) <0.001
Made in operation theatre pts 607(65.8%) 46(50.5%) 561(67.4%) 0001
Cultivation of catheter pts 691(74.9%) 74(81.3%) 617(74.2%) 0.157
Positive pts 113(16:4%) 18(24.3%) 95(15.4%) 0050
STSP pts 100(88.5%) 13(72.2%) 87(91.6%) 0018
Haemoculture cultivation pts 164(17.8%) 31(34.1%) 133(16.0%) <0.001
Positive pts 34(20.7%) 9(29.0%) 25(18.8%) 0.206
STSP pts 18(52.9%) 3(33.3%) 15(60.0%) 0.169
Central venous catheter pts 372(10.7%) 64(32.3%) 308(9.4%) <0.001
Time overall day 99+74 75£37 0077
Number of venous catheter 378(100%) 66(100%) 312(100%)
Subclavia pts 336(88.9%) 60(90.9%) 276(88.5%) 0308
Jugularis pts 19(5.0%) 1(1.5%) 18(5.8%) 0.157
Femoralis pts 16(4.2%) 4(6.1%) 12(3.8%) 0398
Axilaris pts 7(1.9%) 1(1.5%) 6(1.9%) 0836
Right pts 323(85.4%) 59(89.4%) 264(84.6%) 0.164
Type one-line pts 75(19.8%) 10(15.2%) 65(20.8%)
Type two-line pts 192(50.8%) 39(59.1%) 153(49.0%) 0214
Type three-line pts 64(16.9%) 8(12.1%) 56(17.9%)
Time in NICU day 8.20+7.31 4.70+4.92 <0.001
Time all day 11.19+8.70 7.24+550 <0.001
Made in NICU pts 162(42.9%) 41(62.1%) 121(38.8%) <0.001
Made in operation theatre pts 14(3.7%) 1(1.5%) 13(4.2%) 0309
Cultivation of catheter pts 261(69.0%) 45(68.2%) 216(69.2%) 0977
Positive pts 52(19.9%) 16(35.6%) 36(16.7%) 0004
STSP pts 40(76.9%) 10(62.5%) 30(83.3%) 0010
Haemoculture cultivation pts 72(19.0%) 16(24.2%) 56(17.9%) 0.090
Positive pts 15(20.8%) 2(12.5%) 13(23.2%) 0352
STSP pts 13(86.7%) 2(100.0%) 11(84.6%) 0551

NICU neurointensive care unit, STSP Staphylococcus species
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Table 5 Characteristics of urine and gastrointestinal procedures

Parameter Unit Total population N=3464 NI group N=198 Control group N=3266 p value

Urine catheter pts 3166(91.4%) 189(95.5%) 2927(89.6%) 0.008
Epicystostomy pts 6(0.2%) 1(0.5%) 5(0.2%) 0.247
Time day 155116 4755 <0.001
Time overall day 226+13.1 128+97 <0.001

Gastrointestinal tube pts 904(26.1%) 128(64.6%) 776(23.8%) <0001
Nasogastric tube pts 882(25.5%) 125(63.1%) 757(23.2%) <0001
Time day 154+112 6.2+6.9 <0.001
Time overall day 1964126 107494 <0001

nosocomial infection in patients with diabetes mellitus
(p=0.203), (Table 6).

ESBL occurred in 1.9% and MRSA in 1.5% of the total
population, without differences between NI group pa-
tients and the control group (Table 7). We did not have
any case of vancomycin-resistant enterococcus.

Antibiotics policy is shown in Table 8. Antibiotic
prophylaxis was given to 63% of the total population,
mostly (59.2%) in association with operations. In 33.4%
of the patients it was only administered in the operating
theatre. Prolonged administration in the NICU was asso-
ciated with more NIs (p=0.017). Antibiotic therapy was
given to 9.7% of the total population.

We compared patients with NI onset in the NICU
(77.3%) with NI present on admission (22.7%), (Table 9).
We identified 153 (4.4%; wound 1.0%, respiratory 1.7%,
urinary 0.9%, bloodstream 0.6% and other 0.1%) patients
with NI onset in the NICU. Patients with NI onset in

the NICU stayed in the NICU significantly longer, and
were more expensive, but these patients did not have
higher mortality. Multivariate logistic regression analysis
seeking significant predictors for onset of NI in the NICU
can be seen in Table 10. Our results showed that strong
predictors on onset of NI in our neurocritical care were
accesses such as airways and urine catheters, NICU stay,
antibiotic prophylaxis, wound complications and transfu-
sion. This analysis did not find the multidrug-resistant
bacteria as ESBL and MRSA to be a predictor of NL

Discussion

Maintaining nosocomial infection control management
is one marker of quality in neurocritical care. Its target
is to improve clinical outcomes and decrease costs in
the neurocritical care unit. Preventions of nosocomial
infections are an important issue in all medical or surgi-
cal critical care units, but in neurocritical care they have

Table 6 Further monitored parameters influencing onset of nosocomial infection

Parameter Unit Total population N=3464 NI group N=198 Control group N=3266 p value
Corticoids pts 1172(33.8%) 47(23.7%) 1125(34.4%) 0.002
Dexamethasone pts 944(27.3%) 31(15.7%) 913(28.0) <0001
Methylprednisolone pts 35(1.0%) 5(2.5%) 30(0.9%) 0028
Hydrocortisone pts 241(7.0%) 12(6.1%) 229(7.0%) 0610
Time day 6374878 3.58+2.56 <0.001
Transfusions pts 176(5.1%) 41(20.7%) 135(4.1%) <0.001
Number 246+878 257£256 0.695
Blood loss ml 523.77+66807 380.74+478.76 0.019
Haemoglobin 9335+21.03 115.34£21.62 <0.001
Ulcer prophylaxis pts 1838(53.1%) 134(67.7%) 1704(52.2%) <0.001
One medicine pts 1669(48.2%) 119(60.1%) 1550(47.5%) 0.406
Sucralfate pts 758(21.9%) 26(13.1%) 732(22.4%) 0.002
H2 antagonist pts 196(5.7%) 27(13.6%) 169(5.2%) <0.001
Omeprazole pts 1062(30.7%) 97(49.0%) 965(29.5%) <0.001
Diabetes Mellitus pts 491(14.2%) 22(11.1%) 469(14.4%) 0.203
Op. wound complication pts 133(3.8%) 35(17.7%) 98(3.0%) <0001
Liquorrhoea pts 81(2.3%) 23(11.6%) 58(1.8%) <0.001
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Table 7 Multidrug-resistant bacteria ESBL and MRSA in NICU
Parameter Unit Total population N=3464 NI group N=198 Control group N=3266 p value
Multidrug-resistant pts 116(3.3%) 12(6.1%) 104(3.2%) 0.029
ESBL pts 67(1.9%) 6(3.0%) 61(1.9%) 0.566
On admission pts 36(1.0%) 4(2.0%) 32(1.0%) 0.249
Nose pts 11(0.3%) 1(0.5%) 10(0.3%) 0.986
Throat pts 21(0.6%) 4(2.0%) 17(0.5%) 0.051
Trachea pts 15(0.4%) 1(0.5%) 14(0.4%) 0.725
Urine pts 19(0.5%) 0(0.0%) 19(0.6%) 0.106
Rectum pts 31(0.9%) 3(1.5%) 28(0.9%) 0.848
Brain pts 2(0.1%) 1(0.5%) 1(0.0%) 0.039
Others pts 5(0.1%) 1(0.5%) 4(0.1%) 0.369
MRSA pts 52(1.5%) 7(3.5%) 45(1.4%) 0.320
On admission pts 22(0.6%) 0(0.0%) 22(0.7%) 0.015
Nose pts 27(0.8%) 4(2.0%) 23(0.7%) 0.766
Throat pts 11(0.3%) 1(0.5%) 10(0.3%) 0632
Trachea pts 14(0.4%) 2(1.0%) 12(0.4%) 0916
Brain pts 5(0.1%) 1(0.5%) 4(0.1%) 0652
Haemoculture pts 1(0.0%) 0(0.0%) 1(0.0%) 0.690
Others pts 5(0.1%) 0(0.0%) 5(0.2%) 0.354

NICU neurointensive care unit, ESBL Extended spectrum beta-lactamase, MRSA Methicillin-resistant Staphylococcus aureus

an additional risk as a cause of secondary brain damage,
which affects the morbidity and mortality of primary
brain diseases [1-5]. As the aim of neurocritical care is
to avoid all insults causing secondary brain damage, pre-
ventive management of nosocomial infections is a challenge
for neurointensivists. Incidence of nosocomial infections
can be reduced by keeping a hygienic and epidemiological
regime and rational antibiotic policy. Nosocomial infection
management demands constant maintenance and stable
teamwork while maintaining standard procedures. We
present our preventive multimodal nosocomial infection
protocol, which we implemented in our NICU. The first
phase involves imposing hygienic principles and the anti-
biotics policy. The second phase, actually keeping to this
protocol, is a much more difficult task in our experience,
as a vital component for its success is the participation of
the whole team, from doctors and nurses to cleaners
working in the neurocritical care unit and even visitors.
The use of standard procedures and meticulous checks
are an important part of the regime.

Here we present the impact of our preventive nosocomial
infection management on the incidence of nosocomial in-
fections in all the patients admitted to our NICU with acute
brain disease. The results show that our preventive protocol
was not sufficient to completely eliminate all nosocomial
infections, but it did lead to a relatively low nosocomial in-
fection incidence of 4.4%. We did not observe differences
between various seasons of the year, either among primary
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or secondary admissions, but we did among acute admis-
sions, acute operations and reoperations. Infections were
more frequently associated with strokes than other brain
diagnoses. There were significantly more infections in
airways, mechanical ventilations and catheters, but only
airways and urine catheters were strong predictors in
multivariate logistic regression analysis. These are still
risk factors which remained despite the maintenance of
the preventive strategy. Further predictors were confirmed
to be the well-known factors of NICU stay, wound com-
plications, antibiotic prophylaxis and transfusion.

The increasing colonisation of multidrug-resistant bac-
teria ESBL and MRSA is a big problem among critically
ill patients and this situation is getting worse. At present,
many patients already have these bacteria on admission
and this colonization constitutes a risk of nosocomial in-
fections [16—18]. We deal with this by completely isolat-
ing these patients using barrier care techniques in order
to prevent the transmission of these multidrug-resistant
ESBL and MRSA to other, uncolonised patients. This was
reflected in our results, which showed that we had newly
occurred ESBL in only in 31 (0.9%) patients and MRSA in
30 (0.9%) patients. In this study we did not find that
multidrug-resistant bacteria were a predictor of nosoco-
mial infections.

Antibiotics policy, predominantly the overuse of anti-
biotics, is another big issue in preventive multimodal
nosocomial infection protocol. From our results, we see
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Table 8 Administration of antibiotics in NICU
Parameter Unit Total population N=3464 NI group N=198 Control group N=3266 p value
Antibiotic prophylaxis pts 2183(63.0%) 127(64.1%) 2056(63.0%) 0.736
One prophylaxis pts 1931(55.7%) 91(46.0%) 1840(56.3%) <0.001
Operation pts 2049(59.2%) 116(58.6%) 1933(59.2%) 0222
Only operation theatre pts 1157(33.4%) 61(30.8%) 1096(33.6%)
Operation 1 dose pts 924(26.7%) 42(21.2%) 882(27.0%)
Operation 2 doses pts 191(5.5%) 14(7.1%) 177(5.4%) 0.006
Operation 3 doses pts 40(1.2%) 4(2.0%) 36(1.1%)
Operation 4 doses pts 2(0.1%) 1(0.5%) 1(0.0%)
NICU day 4.96+5.69 3314288 0017
Others
Aspiration pts 51(1.5%) 5(2.5%) 46(1.4%) 0218
Suspected infection pts 49(1.0%) 2(1.0%) 47(1.4%) 0600
Trauma pts 30(1.4%) 2(1.0%) 28(0.9%) 0844
Liquorrhoea pts 46(0.9%) 6(3.0%) 40(1.2%) 0034
Drainage pts 35(1.3%) 6(3.0%) 29(0.9%) 0.004
Others pts 31(1.0%) 4(2.0%) 27(0.8%) 0090
NICU Day 7.75+461 454+333 <0.001
Type of antibiotic
Cefazolin pts 1733(50.0%) 106(53.5%) 1627(49.8%) 0242
Amoxicillin clavulanate pts 362(10.5%) 30(15.2%) 332(10.2%) 0028
Clindamycin pts 127(3.7%) 5(2.5%) 122(3.7%) 0351
Antibiotic therapy pts 335(9.7%) 169(85.4%) 166(5.1%) <0001
One infection pts 326(9.4%) 161(81.3%) 165(5.1%) 0019
One antibiotic pts 220(6.4%) 100(50.5%) 120(3.7%) 0.061
Two antibiotics pts 78(2.3%) 44(22.2%) 34(1.0%)
NICU start pts 224(6.5%) 151(76.3%) 73(2.2%) <0.001
Empirical therapy pts 201(5.8%) 101(51.0%) 100(3.1%) 0929
According to cultivation pts 189(5.5%) 106(53.5%) 83(2.5%) 0019
Days of ATB all day 882+6.89 6.09+4.95 <0001
Type of antibiotic
Ceftriaxone pts 34(1.0%) 9(4.5%) 25(0.8%) 0003
Ceftazidime pts 6(0.2%) 3(1.5%) 3(0.1%) 0982
Meropenem pts 75(2.2%) 48(24.2%) 27(0.8%) 0.008
Penicillin pts 13(0.4%) 5(2.5%) 8(0.2%) 0378
Oxacillin pts 23(0.7%) 17(8.6%) 6{(0.2%) 0020
Ciprofloxacin day 84(2.4%) 57(28.8%) 27(0.8%) <0001
Trimethoprim pts 17(0.5%) 10(5.1%) 7(0.2%) 0478
Gentamicin pts 25(0.7%) 15(7.6%) 10(0.3%) 0321
Others pts 71(2.0%) 29(14.6%) 42(1.3%) 0.068

NICU neurointensive care unit, ATB antibiotic

that antibiotic prophylaxis is mainly used in association
with operations and only 9.7% of the total population re-
ceived antibiotic therapy. Unindicated use of antibiotics
contributes to the emergence and spread of multidrug-
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resistant bacteria, which are becoming a growing problem
in healthcare facilities. Antibiotics should only be given
during operations and their administration should not be
prolonged in the NICU. During the prophylactic use of
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Table 9 Nosocomial infections on admission and onset in the NICU

Page 10 of 13

Parameter Unit NI total NI on admission NI onset in NICU p value
Number total pts 198 (100%) 45 (22.7%) 153 (77.3%)
Age pts 57.2+156 53.7£169 583+15.1 0086
Male pts 117(59.1%) 18(40.0%) 63(41.2%) <0.001
NICU stay day 153117 6.9+7.2 17.7£116 <0.001
Diagnoses
Stroke pts 110(55.6%) 13(28.9%) 97(63.4%)
Trauma pts 27(13.6%) 3(6.7%) 24(15.7%)
Tumour pts 33(16.7%) 13(28.9%) 20(13.1%)
Epilepsy pts 3(1.5%) 0(0.0%) 3(2.0%) <0.001
Hydrocephalus pts 13(6.6%) 7(15.6%) 6(3.9%)
Infection pts 11(5.6%) 9(20.0%) 2(1.3%)
Others pts 1(0.5%) 0(0.0%) 1(0.7%)
TISS on admission 54.7+19 56.0+179 543+1.8 <0.001
TISS total 270632.8+231533.1 111173.74£231533.1 3094926+234698.9 <0.001
GCS on admission 11.5+35 120433 113+35 0.234
APACHE Il on admission 15155 136454 15455 0099
GOS on NICU discharge 3.1+11 35412 30+1.1 0015
Mortality in NICU pts 21(106%) 3(6.7%) 18(11.8%) 0329
Operation pts 151(76.3%) 37(82.2%) 114(74.5%) 0285
Airways pts 112(56.6%) 16(35.6%) 96(62.7%) 0001
Mechanical ventilation pts 87(43.9%) 7(15.6%) 80(52.3%) <0.001
Artery catheter pts 90(45.5%) 6(13.3%) 84(54.9%) <0.001
Central venous catheter pts 64(32.3%) 11(24.4%) 53(34.6%) 0.199
Lumbar drainage pts 36(18.2%) 5(11.1%) 31(20.3%) 0.162
Ventricular drainage pts 21(106%) 3(6.7%) 18(11.8%) 0329
Corticoids pts 47(23.7%) 11(24.4%) 36(23.5%) 0899
Transfusions pts 41(20.7%) 5(11.1%) 36(23.5%) 0071
Ulcer prophylaxis pts 134(67.7%) 27(60.0%) 107(69.9%) 0210
Diabetes Mellitus pts 22(11.1%) 3(6.7%) 19(12.4%) 0.280
Antibiotic prophylaxis pts 127(64.1%) 23(51.1%) 104(68.0%) 0038
Antibiotic therapy pts 169(854%) 28(62.2%) 141(92.2%) <0.001
ESBL pts 6(3.0%) 1(2.2%) 5(3.3%) 0.719
MRSA pts 7(35%) 1(2.2%) 6(3.9%) 0587
One infection pts 189(95.5%) 45(100.0%) 144(94.1%)
Two infections pts 8(4.0%) 0(0.0%) 8(5.2%) 0.250
Three infections pts 1(0.5%) 0(0.0%) 1(0.7%)
Bloodstream pts 23(11.6%) 1(2.2%) 22(14.4%) 0025
Vascular catheter pts 14(7.1%) 1(2.2%) 13(8.5%) 0.149
Respiratory pts 63(31.8%) 3(6.7%) 60(39.2%) <0001
VAP pts 34(17.2%) 1(2.2%) 33(21.6%) 0002
Urinary pts 35(17.7%) 5(11.1%) 30(19.6%) 0.189
Urinary catheter pts 33(16.7%) 5(11.1%) 25(16.3%) 0255
Wound without operation pts 2(1.0%) 1(2.2%) 1(0.7%) 0355
Wound with operation pts 70(354%) 35(77.8%) 35(22.9%) <0.001
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Table 9 Nosocomial infections on admission and onset in the NICU (Continued)

Parameter Unit NI total NI on admission NI onset in NICU p value
Wound complication
Liquorrhoea pts 14(7.1%) 7(15.6%) 7(4.6%) 0012
Dehiscence pts 11(5.6%) 9(20.0%) 2(1.3%) <0.001
Fistula pts 6(3.6%) 3(6.7%) 3(2.0%) 0.105

NICU neurointensive care unit, TISS Therapeutic Intervention Scoring System, GCS Glasgow Coma Scale, APACHE Acute Physiology and Chronic Health Evaluation,
GOS Glasgow Outcome Scale, ESBL Extended spectrum beta-lactamase, MRSA Methicillin-resistant Staphylococcus aureus, VAP ventilator associated pneumonia

antibiotics it is essential not only to keep to the indication,
but also to maintain the time of administration. However,
this study confirmed that antibiotic prophylaxis policy is
an important task, because antibiotic prophylaxis was
found to be a predictor of nosocomial infection in the
neurocritical care population. While using antibiotics, it is
essential to maintain the correct administration and not
use antibiotics during the colonisation of the patient, but
only for the infection. Timing, dosage and tissue penetra-
tion are important in their administration.

Our microbiological screening was the same for all
patients, who can therefore be compared easily. The unified
system included nose, throat, trachea, skin, urine and rec-
tum tests from admission, so that we would know what the
patient was admitted with, and then regularly every three
days. This means that this microbiological screening
sometimes fell on the weekend, which at first was diffi-
cult to implement in the microbiological department.
Regular microbiological screening from admission took
place every three days, giving us an overview of the
microbiological state of the patient and allowing us to
find colonization of multidrug-resistant bacteria [18]
and further perform the targeted antibiotic treatment
of nosocomial infections.

Although it would be better to have single-patient
boxes, the lay-out of four divided rooms provides some
of the benefits and enables the isolation of patients with
multidrug-resistant bacteria ESBL and MRSA, as it is very
important to isolate these patients so that these bacteria do
not spread to the rest of the NICU and the other patients.
Our results show that over a ten-year period we did not
have a large incidence of the multidrug-resistant bacteria

ESBL and MRSA, while there was not a single case of VRE.
This is in contrast to the Minhas [19] study, where he men-
tioned 2.5% of VRE in the neurosurgical and neurological
intensive care unit.

This study confirmed that accesses are still a risk fac-
tor for nosocomial infection. Due to increasing numbers
of invasive medical procedures in neurocritical care,
local preventive infection control management has an
important task. Although preventive multimodal strategy
is widely known to reduce nosocomial infection and
multidrug resistant bacteria, it is sometimes difficult to
maintain. Nonetheless, the results of this study show the
importance of this maintenance. We present our 10 year
prospective infection control management, which was
efficient, as it led to a rate of 4.4% nosocomial infections
in acute neurological and neurosurgical care patients.
Due to multiple testing, there is a higher probability of
family-wise error. On the other hand, the results must
be read in context, not every p-value below 0.05 is com-
mented on as a finding.

This study showed prospective infection control man-
agement in 3464 neurocritically care patients. Although
they all came from a single neurocentre, which is a limi-
tation of this study, there are already many more epide-
miologic studies regarding nosocomial infection control
and multi-drug resistant bacteria from the medical and
surgery intensive care units than from neurocritical care
units, whether neurosurgical or neurological, and very
few studies concerned with neurological-neurosurgical
critical care units [19, 20]. In this area, more studies
focus on specific diagnoses [1, 2, 7, 21, 22] than whole
neurocritical care populations.

Table 10 Multivariate logistic regression analysis of nosocomial infection onset in NICU

Multivariate analysis

Nosocomial infections predictors Odds Ratio Lower CL 95% Upper CL 95% p value
NICU stay (per day) 1.14 112 1.16 < 0001
Airways 269 181 3.99 < 0001
Urine catheter 277 100 7.70 0050
Transfusions 1.79 107 297 0025
Wound complications 230 133 397 0003
Antibiotic prophylaxis 0.50 034 0.74 < 0,001

NICU neurointensive care unit, CL confidence limit
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Conclusions

This study showed that this preventive multimodal nosoco-
mial infection control management was efficient, because it
gave low rates of nosocomial infections (4.2%), both ESBL
and MRSA in a mere 0.9% of patients each and not a single
case of VRE. Strong predictors for the onset of nosocomial
infections were accesses such as airways and urine
catheters, NICU stay, antibiotic prophylaxis, wound
complications and transfusion. This study confirmed
the well-known fact that nosocomial infections are as-
sociated with worse outcome, higher cost and longer
NICU stay.
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3.3. Infekce souvisejici se zdravotni pé¢i u onemocnéni patere

3.3.1. Risk factors of surgical site infections after thoracic and lumbar
surgery: a 6-year single centre prospective cohort study. Journal of

Orthopaedic Surgery and Research. 2021

Druhd habilita¢ni prace se vénuje infekcim v misté chirurgického vykonu u
pacientil po planovanych operaci hrudni a bederni patete, kteti méli z divodu rozsahu
vykonu nebo celkového klinického stavu pooperacni péc¢i na NJ. Prednosti tohoto
vyzkumu bylo zaméfeni se na vliv preventivniho multimodalniho protokolu na vyskyt
SSI v jedné z nejrizikovéjSich oblasti patefe. Cilem prace byla analyza SSI pfi
antibiotické profylaxi podané jen ptfed a béhem operacniho vykonu. Tato délka
antibiotické profylaxe je cilem raciondlni profylaktické antibiotické politiky, a jiz
Vv letech 2006 az 2010 byla realizovana v ramci naseho vyzkumu u velkého poctu
operovanych pacientt (95,8 %).

Cilem kaZzdého operacniho vykonu je eliminace nezadoucich infek¢nich
komplikaci, pticemz signifikantnim prediktorem jejich vzniku jsou neinfekéni
komplikace v operaéni rané [71], coz také potvrzuji naSe vysledky. V nasem souboru
nevznikla Zadné SSI bez této primarni neinfekéni komplikace. Tyto vysledky mély
prakticky dopad na naSem pracovisti, byla pfijata intenzivngj$i kontrola a péce o
operacni rany. Pfinosem naseho vyzkumu bylo zjiSténi 1 dal$iho rizikového faktoru na
vzniku SSI, a to teplého ro¢niho obdobi. Tento vysledek mél vliv nejen na naSe
pracoviSté, zejména pii planovani velkych operacnich vykonl v oblasti hrudni a

bederni patefe, ale toto zjisténi oslovilo i tfi autory k citovani nasi prace, Algarny (In
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Vivo) [103], Damonti (Journal Hospital infection) [104] a Liu (Annals of Translational
Medicine) [105].

Nejvice citaci se vztahuje k riziku infek¢nich komplikaci po operacich patete.
Tyto citace autofi umistili do tvodu svych publikacich, Zhan v International Wound
Journal [106], Liu v BMC Surgery [107], Cao v International Wound Journal [108] a
Yamamoto v Spine Journal [109].

Vysledky této studie byly poprvé prezentovany v roce 2019 formou e-posteru
na International Symposium on Intensive Care and Emergency Medicine v Bruselu.
Soucasti prezentace byl publikovany abstrakt v Critical Care. Spatenkova V, Bradac
O, Jindrisek Z, Hradil J, Suchomel P, Fackova M. Risk factors of surgical site
infections after thoracic and lumbar surgery: a 6-year single centre prospective cohort
study. Critical Care 2019 23(Suppl 2):72, s 23.

Tato vyzkumna prace byla publikovana v Journal of Orthopaedic Surgery and
Research, v dobrém zahrani¢nim recenzovaném ¢asopise s impakt faktorem 2,677, Q2
dle SCIE v kategorii ortopedie, open access, Casopisem vydavanym v nakladatelstvi

Springer. Tato publikace ma 9 citaci dle WOS.
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Risk factors of surgical site infections after thoracic and lumbar
surgery: a 6-year single centre prospective cohort study
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1Regional Hospital , Neurocenter , NICU, Liberec, 2Military University Hospital and  First Medical School, Charles University, Department of
Neurosurgery, Prague, 3Regional Hospital, Neurocenter , Department of Neurosurgery, Liberec, ~ “4Regional Hospital, Department of Clinical
oo T microbiolog y and immunology, Antibiotic Centre, Liberec, 5Na Homolce Hospital, Department of Clinical Pharmacology ~, Prague, Czech Republic

Introduction

Surgical site infection (SSI) is a risk in every operation wound, as it negatively impacts patient morbidity and mortality, and also increases financial
demands. The aim of this study was to analy se SSI and its risk factorsafterthoracic and lumbar spine surgery.

Methods

A six-y ear monocentric observ ation prospectiv e cohort study monitored the incidence of SSI in 274 consecutiv epatients afterplanned thoracic and lumbar
surgery for degenerative disease, trauma and tumour. All patients received short antibiotic prophy laxis (before and during long operations). SSI was
classifiedas 1/ superficiat skin and subcutaneous tissue, 2/ deep, fasciaand muscle, 3/ organ: organs and spaces. In superficial SSI without microbiology
we added borderline cases which we defined as big serom or spontaneous dehisces with secretion and high CRP, local or sy stemicantibiotic therapy. The
incidence of SSI was monitored up to 30 daysand 1y earafteroperations. We searched forrisk factorsfor SSI in multiv ariatelogistic regression analy sis.

Results
Over six years we recorded 22 incidences of SSI (8.03%)nostly these were superficial(5.84%), and fewer were deep (1.82%) and organ (0.36%).

Occurre Wound
Demographic and oo ierobiot
cal data nce complicatio icrobiology
interval n

30days  Dehiscence

o

pts 145 (52.92%) 132 (52.38%) 13 (59.09%) 0545 PR [ Stperticialll [20ldays)l Mbehiscencall o
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Abstract

Background: Surgical site infection (SS) is a risk in every operation. Infections negatively impact patient morbidity
and mortality and increase financial demands. The aim of this study was to analyse SSI and its risk factors in
patients after thoracic or lumbar spine surgery.

Methods: A six-year single-centre prospective observational cohort study monitored the incidence of SSI in 274
patients who received planned thoracic or lumbar spinal surgery for degenerative disease, trauma, or tumour. They
were monitored for up to 30 days postoperatively and again after 1 year. All patients received short antibiotic
prophylaxis and stayed in the eight-bed neurointensive care unit (NICU) during the immediate postoperative
period. Risk factors for SSI were sought using multivariate logistic regression analysis.

Results: We recorded 22 incidences of SSI (8.03%; superficial 5.84%, deep 1.82%, and organ 0.36%). Comparing
patients with and without SSI, there were no differences in age (p=0.374), gender (p=0.545), body mass index (p=
0.878), spine diagnosis (p=0.745), number of vertebrae (p=0.786), spine localization (p=0.808), implant use (p=0.428),
American Society of Anesthesiologists (ASA) Score (p=0.752), urine catheterization (p=0423), drainage (p=0.498),
corticosteroid use (p=0.409), transfusion (p=0.262), ulcer prophylaxis (p=0.409) and diabetes mellitus (p=0.811). The
SSI group had longer NICU stays (p=0.043) and more non-infectious hospital wound complications (p<0.001). SSI
risk factors according to our multivariate logistic regression analysis were hospital wound complications (OR 20.40,
95% Cl 7.32-56.85, p<0.001) and warm season (OR 2.92, 95% Cl 1.03-8.27, p=0.044).

Conclusions: Contrary to the prevailing literature, our study did not identify corticosteroids, diabetes mellitus, or
transfusions as risk factors for the development of SSI. Only wound complications and warm seasons were
significantly associated with SSI development according to our multivariate regression analysis.
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Background

Every surgery carries a risk of SSI, a complication
which negatively impacts patient morbidity and mortal-
ity, increases financial demands by prolonging hospital
stay, and may require further antibiotics and surgical
procedures. SSIs are a significant group of healthcare-
associated infections with high preventability [1, 2].
Prudent preventive strategies have an important role in
increasing postoperative patient safety and can limit the
incidence of multidrug resistant strains. The elimination of
this complication is a priority in all surgical management
and is particularly important in spine operations, where
these risks are heightened due to the frequent use of metal-
lic implants, the nearby localization of the spinal cord, and
the load-bearing function of the spine. The incidence of
SSI in spine surgery varies from 2 to 13% according to
literature of varying quality and methodology [3-10]. A
protective protocol includes many strategies for reducing
the risk of developing an SSI. This involves maintaining
correct antibiotic prophylaxis, and proper hygiene through-
out all stages of surgery and general care, not only in the
operating theatre but crucially during the postoperative
period until the wound has healed [1, 2].

The aim of this study was to identify and analyse SSI
in accordance with international definitions, and to search
for risk factors associated with its onset in patients who
had undergone thoracic or lumbar spine surgery.

Method

A 6-year single-centre prospective observational cohort
study was conducted in the Neurocenter at the 900-bed
Liberec Regional Hospital from 1 January 2005 to 31
December 2010. The incidence of SSI was monitored in
274 who fulfilled our inclusion criteria. These criteria
were (1) planned operation; (2) thoracic or lumbar
localization; (3) degenerative disease, trauma, or tumour;
(4) short antibiotic prophylaxis defined as antibiotic ad-
ministration before surgery and during long operations;
and (5) patients who were recommended by neurosurgeons
or anaesthetists for a postoperative stay in the eight-bed
Neuro-intensive Care Unit (NICU) which has a multi-
modal preventive infection control and normoglycemia
protocol. Exclusion criteria were as follows: (1) primary
infection of the spine and (2) prolonged antibiotic prophy-
laxis defined as continued antibiotic administration before
and/or after the operation.

SSIs were classified according to Horan et al. [11] as
(1) superficial: skin and subcutaneous tissue; (2) deep:
fascia and muscle; and (3) organ: organs and spaces. For
superficial SSI without microbiology we included border-
line cases. These were defined as either a large seroma, or
spontaneous dehiscence with secretion and high CRP.
Borderline cases were treated with local or systemic anti-
biotic therapy. The incidence of SSI was monitored for up
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to 30 days postoperatively and again after 1 year. The
following prevention protocols were adhered to in order to
conduct SSI analysis. Hygiene rules: (1) hand hygiene
before and after patient contact and each procedure; (2)
masks, surgical caps, sterile surgical gowns, and sterile
insertion of systems in invasive medical procedures; (3)
disinfection soap before entering the operating theatre; (4)
principles for drainage and tubes: single-use products,
closed systems, minimal necessary duration, minimal and
only necessary disconnection using the port system, and
regular and irregular exchange according to protocol; and
(5) surgical wound fully covered and dry.

Antibiotic prophylaxis: We mainly used two types of
antibiotics without rotation. The first choice antibiotic
was cefazolin; in case of allergy, clindamycin was used.

(1) Short prophylaxis: Administered before and during
the operation, without prolonging use after the oper-
ation. (2) Doses: Intravenous administration of the
appropriate dose of antibiotics. In patients up to 120 kg
either 2 g of cefazolin or 600 mg of clindamycin, over
120 kg either 3 g of cefazolin or 900-1200 mg of clinda-
mycin, with repeated administration during high blood
loss (over 1.5 1 blood). (3) Timing: The correct timing
before incision (30-60 min) and perioperative administra-
tion at the correct interval (cefazolin at 4 h, clindamycin
without need for further administration) [1]. We studied
the following risk factors of SSI: (1) parameters associated
with operations (localization, number of vertebrae, reoper-
ation, time of operation, use of graft and implant, ASA
Score); (2) use of medical devices: drainage, airways, mech-
anical ventilation, and catheters (artery, central venous,
urine); (3) administration of corticosteroids (methylpred-
nisolone, hydrocortisone); (4) transfusions, blood loss, and
haemoglobin; (5) ulcer prophylaxis; (6) diabetes mellitus;
(7) Acute Physiology and Chronic Health Evaluation
(APACHE) II score on admission; (8) C-reactive protein
(CRP); (9) length of stay in the NICU and in our hospital;
(10) non-infectious hospital wound complications; and (11)
warm season (June, July, August).

Statistical analysis

Parametric f-tests or non-parametric Mann-Whitney U/
tests were used for comparison of continuous parame-
ters. Comparison of categorical parameters was carried
out using chi-square or Fisher’s tests as appropriate.
Univariate logistic regression was used for identifying
prognostic factors of wound complications. Factors from
our univariate analysis that met the significance thresh-
old of p <0.1 were used for multivariate regression
analysis; factors with p value <0.1 were left in the model.
P values of less than 0.05 were considered significant.
STATISTICA 13.2 (TIBCO Software Inc., Palo Alto, CA,
USA) software was used for statistical analyses.
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The study was conducted after the approval of the
Regional Hospital Ethics Committee for Multicentric
Clinical Trials.

Results

Of 286 consecutive patients treated at our centre, 274
met our inclusion criteria and were included in our
study. We excluded twelve patients due to their pro-
longed antibiotic prophylaxis following the operation.
The results of short antibiotic prophylaxis are shown in
Table 1.

Over 6 years, we recorded 22 incidences of SSI
(8.03%), the majority were superficial (5.84%), and a few
were deep (1.82%) or organ (0.36%). When patients with
SSI were compared with the control group, there were
no significant differences in demographic data, diabetes
mellitus, or ulcer prophylaxis (Table 2). There was also
no difference concerning corticosteroid use. The mean
duration of corticosteroid use was 2.14+1.17 days. Results
associated with operations are shown in Table 3. No dif-
ferences were found in localization, number of vertebrae,
duration of operation, or any other parameter associated
with operations. Similarly, non-significant results were
found in parameters associated with the immediate post-
operative period in the NICU.

However, in the SSI group, we found more wound
complications of other etiologies (such as dehiscence,
secretion, seroma, or haematoma) (Table 4). These compli-
cations together with incidence during the warm season
(June, July, and August) were found to be the only signifi-
cant predictors of SSI according to our multivariate logistic
regression analysis (Table 5).

Discussion

The incidence of SSI is an important mark of quality
management in every surgical procedure. Since these
infections are preventable, it is important to take an
interest in their monitoring [2]. SSIs can worsen the final
results of operations, and additionally in spinal surgery,
a patient’s mobility can be affected due to the close
proximity of the spinal cord and neural structures. This
will raise the costs of care for the spine operation.

Table 1 Antibiotic prophylaxis
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Since new therapeutic approaches are limited, the
basis of SSI management is prevention. This means
maintaining an aseptic environment, a standard which is
followed closely in the operating theatre. This standard
is also important throughout every stage of the postop-
erative period, and especially in the initial phase until
the wound has healed.

The biggest challenge to the implementation of a
preventative care protocol is compliance of the entire
team of doctors, nurses, and technicians.

An important component of our SSI prevention strat-
egy was the correct antibiotic prophylaxis [1]. Antibiotic
prophylaxis is based on the principle of eliminating any
bacterial contaminant by administering a suitable anti-
biotic so that it is present in the surgical site, even in
blood clots, in an effective bactericidal concentration
throughout the entire operation. One common mistake
which has significant epidemiological consequences is
the inappropriate prolongation of antibiotic prophylaxis.
All our prophylaxes were short-term, with the exception
of 12 (4.20%) of our 286 consecutive patients, who
received prolonged antibiotic prophylaxis. These 12
patients were excluded from our study for this reason.
Another common error that substantially impairs the
effectiveness of antibiotic prophylaxis is the incorrect
timing of preoperative administration. We resolved this
issue by giving antibiotics immediately in the preopera-
tive prep-room, thus achieving the appropriate level of
protection at the time of incision. Last but not least,
failure to administer appropriate doses when operations
are prolonged can result in excessive or insufficient
prophylaxis.

To interpret the quality and effectiveness of antibiotic
prophylaxis properly, patient populations should be
stratified according to risk and outcomes, and interpret-
ation should take into account the influence of other risk
factors. For each procedure, process indicators and audit
methodology should be defined in the quality assessment
of antibiotic prophylaxis. In order to draw a statistically
meaningful conclusion, a minimum of 100 homogenous
procedures should be evaluated. Our study population of
274 patients (defined by 6-year period) fulfils this criter-
ion with a high safety margin. For each operation, the

Parameter Unit Total population Control group SsI p value
N=274 N=252 N=22

1-Dose operation pts 145 (52.92%) 133 (52.78%) 12 (54.55%)

2-Dose operation pts 122 (44.53%) 112 (44.44%) 10 (45.45%) 0.731

3-Dose operation pts 7 (2.55%) 7 (2.78%) 0 (0.00%)

Cefazolin pts 245 (89.42%) 225 (89.29%) 20 (90.91%) 0812

Clindamycin pts 27 (9.85%) 25 (9.92%) 2 (9.09%) 0.900

Amoxicillin-clavulanate pts 2 (0.73%) 2 (0.79%) 0 (0.00%) 0675
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Table 2 Demographic and clinical data of spine surgery patients
Parameter Unit Total population Control group SSI p value
Number total pts 274 (100%) 252 (91.97%) 22 (8.03%)
2005 pts 37 (13.50%) 33 (13.10%) 4 (18.18%)
2006 pts 46 (16.79%) 41 (16.27%) 5 (22.73%)
2007 pts 34 (1241%) 30 (11.90%) 4 (18.18%) 0.746
2008 pts 47 (47.15%) 44 (17.46%) 3 (13.64%)
2009 pts 57 (20.80%) 54 (21.43%) 3 (13.64%)
2010 pts 53 (19.34%) 50 (19.84%) 3 (13.64%)
January pts 31(11.31%) 29 (11.51%) 2 (9.09%)
February pts 18 (6.57%) 15 (5.95%) 3 (13.64%)
March pts 36 (13.14%) 35 (13.89%) 1 (4.55%)
April pts 25 (9.12%) 23 (9.13%) 2 (9.09%)
May pts 20 (7.30%) 19 (7.54%) 1 (4.55%)
June pts 22 (8.03%) 20 (7.94%) 2 (9.09%)
July pts 15 (5.47%) 12 (4.76%) 3 (13.64%)
August pts 27 (9.85%) 23 (9.13%) 4(18.18%)
September pts 22 (8.03%) 21 (8.33%) 1 (4.55%)
QOctober pts 27 (9.85%) 25 (992%) 2 (9.09%)
November pts 21 (7.66%) 20 (7.94%) 1 (4.55%)
December pts 10 (3.65%) 10 (3.97%) 0 (0.00%)
Cold season pts 210 (76.64%) 197 (78.17%) 13 (59.09%)
Warm season pts 64 (23.36%) 55 (21.83%) 9 (4091%) 0.042
Age pts 54.06+12.89 56.59+13.18 0374
Male pts 145 (52.92%) 132 (52.38%) 13 (59.09%) 0.545
Weight kg 80.72+14.94 79.36+15.05 0668
BMI 27.48+4.00 27.69+4.17 0878
NICU stay day 161+1.10 132+1.51 0.043
Hospital stay day 8.65+592 11.55+6.35 0094
Spine diagnoses
Degenerative pts 247 (90.15%) 227 (90.08%) 20 (90.91%)
Tumour pts 21 (7.66%) 19 (7.54%) 2 (9.09%) 0.745
Trauma pts 6 (2.19%) 6 (2.19%) 0 (0.00%)
Diabetes mellitus pts 33 (12.04%) 30 (11.90%) 3 (13.64%) 0811
Ulcer prophylaxis pts 56 (20.44%) 53 (21.03%) 3 (13.64%) 0409
Omeprazole pts 50 (18.25%) 47 (18.65%) 3 (13.64%) 0559

BMI body mass index, NICU neurointensive care unit. Warm season—June to August; cold season—January to May, September to December

patient’s weight, antibiotic administered, route of admin-
istration, dose rate, exact time of dosing, time and extent
of any additional doses during the operation, time of the
end of the operation, overall length of the operation, and
the number of doses of antibiotic administered at the
end of the procedure were recorded.

Incidence of SSI in spine surgery varies from 2 to 13%
[3-10]. This wide variation is because a large proportion
of the studies are of a retrospective design, the criteria
for the definition of SSI is inconsistent, and a lack of
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meticulous reporting, as cited in Spine (Boody and Vaccaro,
43) [9]. Our results are based on prospectively collected
data, a consecutive population, and the internationally
accepted definition of SSI according to Horan et al. [11].
During this 6-year monitoring period, we identified 22
patients with SSI, which is at the upper limit (8.03%) of the
results reported in literature. However, we emphasize that
we included every single incidence of SSI, including border-
line cases; we decided to include these due to our experi-
ence of non-purulent secretion with positive microbiology.
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Table 3 Characteristics of spine surgery

Operation Unit Total population Control group ssl p value
N=274 N=252 N=22

Localization

Th pts 26 (9.49%) 23 (9.13%) 3 (13.64%)

Th-L pts 2 (0.73%) 2 (0.79%) 0 (0.00%) 0.808

L pts 130 (47.45%) 118 (46.83%) 12 (54.55%)

LS pts 116 (42.34%) 109 (43.25%) 7 (31.82%)

Number of vertebrae 2.30+0.90 2.36+1.10 0.786

0-2 pts 202 (73.72%) 16 (66.67%) 199 (71.07%)

3-4 pts 62 (22.63%) 57 (22.62%) 5 (22.73%) 0972

5 and more pts 10 (3.65%) 9 (3.57%) 1 (4.55%)

ASA score 2.14+068 2.18+0.71 0.752
Reoperation pts 27 (9.85%) 27 (10.71%) 0 (0.00%) 0.106
Time of operation minutes 184.16+72.23 173.86+8148 0547
Operation access

Anterior pts 7 (2.56%) 1(4.17%) 7 (2.51%)

Posterior pts 261 (95.60%) 240 (87.91%) 6 (3.395%) 0938
Graft pts 5 (1.82%) 5 (1.98%) 0 (0.00%) 0.505
Implant pts 239 (87.23%) 221 (87.70%) 18 (81.82%) 0428
Drainage

Redon pts 258 (94.16%) 238 (94.44%) 20 (90.91%) 0498

One drainage pts 61 (23.64%) 57 (23.95%) 4 (20.00%) 0690

Two and more drainage pts 197 (76.36%) 181 (76.05%) 16 (80.00%)

Transfusions pts 49 (17.88%) 47 (18.65%) 2 (9.09%) 0.262
Blood loss ml 1027.82+968.97 747.37+1234.82 0.106
Haemoglobin 103.45+2005 105.36+20.50 0548
Corticoids pts 26 (9.49%) 25 (9.92%) 1 (4.55%) 0409

Methylprednisolone pts 5 (1.82%) 5 (1.82%) 0 (0.00%) 0.505

Hydrocortisone pts 18 (6.57%) 17 (6.75%) 1 (4.55%) 0689
Postoperative NICU

TISS on admission 5721101 57.36+1.06 0526

TISS total 11593.22+1169303 38364.64+42240.21 0383

APACHE Il 9.62+3.29 9.14£340 0455

CRP 341+902 23311458 0.130

CRP 1 day after OP 35.66+19.97 38.89+24.24 0541

Airways pts 1 (0.36%) 1 (0.40%) 0 (0.00%) 0.767

Mechanical ventilation pts 1 (0.36%) 1 (0.40%) 0 (0.00%) 0.767

Artery catheters pts 32(11.68%) 29 (11.51%) 3 (13.64%) 0.766

Central venous catheter pts 2 (0.73%) 2 (0.73%) 0 (0.00%) 0675

Urine catheter pts 263 (95.99%) 243 (96.43%) 20 (90.91%) 0423
Hospital wound complications pts 27 (9.85%) 15 (5.95%) 12 (54.55%) <0.001
ASA American Society of A NICU ¢ i ive care unit, TISS Therapeutic Intervention Scoring System, APACHE Acute Physiology and Chronic

Health Evaluation, CRP C-reactive protein, OP operation

This result reflects genuine evaluation and accurate report-
ing. The vast majority of complications were classified as  patients) were preceded by a non-infective wound compli-
superficial and there were very few deep (1.82%) and organ
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complications (0.36%). Since all infections in the wound (22

cation, it is evident that these complications, which had
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Table 4 Characteristics of surgical site infection
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Number SsI Occurrence interval Wound complication Microbiology

1 Superficial 30 days Dehiscence 0

2 Superficial 30 days Dehiscence 0

3 Superficial 30 days Dehiscence 0

4 Superficial 30 days Secretion 0

5 Superficial 30 days Dehiscence Staphylococcus aureus Methicillin-sensitive

6 Supefficial 30 days Dehiscence 0

7 Superficial 30 days Dehiscence Staphylococcus aureus Methicillin-sensitive

8 Superficial 30 days Dehiscence Staphylococcus aureus Methicillin-sensitive, Streptococcus viridans

9 Superficial 30 days Dehiscence 0

10 Superficial 30 days Dehiscence Staphylococcus aureus Methicillin-sensitive, Peptococcus
PF{?[O(T(PﬂIOFO(‘CuS,

1 Superficial 30 days Secretion 0

12 Superficial 30 days Secretion Negative

13 Superficial 30 days Dehiscence Staphylococcus aureus Methicillin-sensitive, Klebsiella pneumoniae

14 Superficial 30 days Seroma 0

15 Superficial 30 days Dehiscence Staphylococcus aureus Methicillin-sensitive

16 Superficial 30 days Dehiscence Streptococcus alfa, Propionibacterium

17 Deep 30 days Dehiscence Staphylococcus Coagulase-negative

18 Deep 30 days Dehiscence Enterococcus faecalis, Pseudomonas aeruginosa, Peptostreptococcus

19 Deep 30 days Secretion Staphylococcus aureus Methicillin-sensitive, Acinetobacter baumanii

20 Deep 1 year Secretion Staphylococcus aureus Methicillin-sensitive

21 Deep 30 days Dehiscence 0

22 Organ 30 days Haematoma Staphylococcus coagulase-negative

various causes including the quality of wound care, are a
significant risk factor. Established procedural methods in
the preoperative and perioperative period confirm a high
degree of preventability of SSI [2]. For this reason, it is im-
portant to carefully monitor all such non-infectious wound
complications.

Another significant factor (in fact a leading factor in
cases of delayed SSI) appears to be patient compliance.
However, this factor is extremely hard to describe using
numerical methods and it was not evaluated in our study.

Contrary to the prevailing conclusions in literature
[12-15], some of the anticipated risk factors were not
confirmed by our study, namely diabetes mellitus, the
use of corticosteroids, transfusions, or ulcer prophylaxis.
Concerning diabetes mellitus, we attribute the result to
our strict maintenance of normoglycemia in our patients.
Two reasons for the insignificant influence of corticosteroids

as a risk factor may be the short duration of immuno-
suppressive therapy during the preoperative and post-
operative period (mean duration was 2.14+1.17 days)
and the size of the dose administered. The prevailing
corticosteroid was hydrocortisone in a substitute dose
(150-300 mg), which was not indicated as a risk factor
for SSI in the results. The insignificant influence of
transfusions can probably be attributed to our transfu-
sion strategy with a low trigger of haemoglobin levels
(70 g/L), which resulted in fewer transfusion cases. This
study found that besides non-infectious wound compli-
cations as a general category, the only significant risk
factor was operation during the warm season, in our
region from June to August. In these months, the local
average temperature is 20.9°C in June, and 18.7 in both
July and August. The reason for an increase in SSI
during the warm season is primarily due to the lack of

Table 5 Multivariate logistic regression analysis of surgical site infections (CL confidence limit)

Multivariate analysis

Surgical site infections Odds ratio Lower CL 95% Upper CL 95% p value
Hospital wound complication 2040 732 56.85 <0.001
Warm season 292 103 827 0044
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air-conditioning in our wards at the time of the study.
The higher ambient temperature during the summer
leads to increased sweating of the skin and results in
less favourable conditions for wound healing, requiring
more frequent re-dressing of the wound. Skin irritation
is more likely, leading to decreased compliance by some
patients (keeping the dressings clean and avoiding
mechanical stimuli to the wound). However, this
explanation is purely observational, as such factors are
nearly impossible to evaluate numerically.

There is a slight increase in the rate of SSI during January
and February. We did not identify any objective factors for
such an increase. The only possible explanation we could
think of is speculative in its nature. Considering our system
of reimbursement, the surgeons always face restrictions of
budget and resources at the end of the fiscal year. They
admitted they tend to operate on patients with more
favourable radiological findings and less risk in general
terms during December. They also tend to postpone more
difficult cases to the beginning of the new fiscal year. Such
selection is based on personal, nonparametric experience
and subjective evaluation. Our assumption is further
supported by zero SSI during the final month of the year;
however, we have no means for any kind of numerical
evaluation.

Our study has several limitations. We do not evaluate
some factors of potential significance, namely smoking
and nutrition. Despite the majority of elective opera-
tions, these factors cannot be assessed properly due to
lack of data on admission and the short period before
surgery. All the patients had glucose values tested during
the period before the operation; however, immediate
preoperative values were measured only in patients with
diabetes mellitus.

Conclusions

Contrary to the prevailing literature, our study on a
population of planned thoracic or lumbar spine surgery
patients with short antibiotic prophylaxis hospitalized
postoperatively in the NICU did not identify corticoste-
roids, diabetes mellitus, or transfusions as risk factors
for SSI. Our study concludes that any kind of non-
infectious wound complication and operation during the
warm season represent independent risk factors for
developing such infections.
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Tteti habilitacni prace se také vénovala infekcim v misté chirurgického vykonu
po operacich patete, ale pfedmétem vyzkumu byly operace kréni patete z predniho a
zadniho opera¢niho pfistupu. Vyznam této prace spociva v analyze velkého souboru
pacientli, u kterych byla realizovana antibiotické profylaxe jen pfed a béhem
opera¢niho vykonu. Vysledky této prace jednoznacné poukazuji, Ze tato délka
antibiotické profylaxe je dostate¢na. Tento vyzkum soucasné potvrdil, Ze tyto operace
kréni patefe patii z hlediska vyskytu infekénich komplikaci mezi nejméné rizikové
operace V oblasti patefe a Ze ve shodé€ s literaturou zadni operacni pfistup je rizikovéjsi
nez predni [96].

V nasem vyzkumném souboru se vyskytly pouze dvé SSI, a obé vznikly
v souvislosti s neinfekéni komplikaci v operacni rané. Tato prace opét potvrdila, Ze
primarni neinfekéni komplikace v operacni rané predstavuji vysoké riziko SSI. Na
zaklade téchto vysledka doslo k dalsi zptisnéni protokolu péce o operacni ranu na
naSem pracovisti.

Piedlozena publikace v The European Journal of Orthopaedic Surgery and
Traumatology ma dle WoS 3 citace. Nejvyssi hodnotu ma citace v Lerchové
metaanalyze o vlivu drendzi u pfednich operacich kréni patete publikovana v British
Journal of Neurosurgery [97]. V této publikaci mame soucasné¢ podekovani
v Acknowledgments za poskytnuti primarnich dat. Pro potvrzeni rizika zadniho

operacniho pfistupu u operacich kréni patete je citovana naSe prace v ivodu Wangove
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publikaci z roku 2023 v ¢asopise International Wound Journal [110]. Nizka incidence
SSI vna8i praci zaujala Zielinskou vjejim review zroku 2023 v Casopise
Intermational Journal of Molecular Sciences [111].

Tato vyzkumna prace byla publikovana v The European Journal of
Orthopaedic Surgery and Traumatology, v dobrém zahrani¢nim recenzovaném
ortopedickém ¢asopise ve WOS, Q3 dle ESCI v kategorii ortopedie, s impakt faktorem

1,400, open access a Casopisem vydavanym v nakladatelstvi Springer.
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Abstract

Purpose The incidence of surgical site infections is considered a relevant indicator of perioperative and postoperative care
quality. The aim of this study is to analyze and evaluate SSIs after elective cervical spine surgery under the guidance of our
preventive multimodal wound protocol.

Methods A monocentric observational cohort study analyzed 797 patients who underwent cervical spine surgery from
2005 to 2010 (mean age 51.58 +11.74 year, male 56.09%, mean BMI 26.87 +4.41, ASA score 1-2 in 81.68% of patients),
fulfilling the entry criteria: (1) cervical spine surgery performed by neurosurgeons (degenerative disease 85.19%, trauma
11.04%, tumor 3.76%), (2) elective surgery, (3) postoperative care in our neurointensive care unit. Our preventive wound
control protocol management focused mainly on antibiotic prophylaxis, wound hygiene regime, and drainage equipment.
All wound complications and surgical site infections were monitored up for 1 year after surgery.

Results We had only 2 (0.25%) patients with SSI after cervical spine surgery—one organ/space infection (osteomyelitis,
primary due to liquorrhea) after anterior surgical approach, and one deep surgical site infection (due to dehiscence) after
posterior approach. We had 17 (2.13%) patients with some wound complications (secretion 7, dehiscence 4, hematoma 1,
edema 3, and liquorrhea 2) that were not classified as SSI according to the CDC guidelines.

Conclusion Concerning our study population of patients undergoing elective cervical surgery, with ASA scores 1-2 in 81.68%
of our patients, the incidence of SSI was 0.14% after anterior surgical approach, 1.4% after posterior surgical approach, and
0.25% altogether in the referred cohort.

Keywords Surgical site infection - Incidence of SSI - Preventive infection protocol - Wound complications - Antibiotic
prophylaxis

Introduction

A surgical site infection (SSI) is an infection that occurs
after surgery in parts of the body where the surgery takes
place. SSIs are defined and classified by the CDC guide-
lines [1]. SSIs are caused by various factors ranging from
those related to patient characteristics, to factors that depend
on the hospital and the care provided there [2]. Condi-
tions of patients before surgery such as fever, higher CRP,
alcoholism, age, comorbidities, obesity, diabetes mellitus,
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nutritional status, microbial colonization, coexisting infec-
tions, or antibiotics used before surgery belong to the most
important factors dependent on the patient [3-5]. The prepa-
ration of the patient for surgery, the duration of surgery,
the type of surgery or surgical style (surgeon’s competence
and technique), the amount of blood lost and transfused, the
covering of wounds, hand hygiene and disinfection belong
to factors dependent on the hospital, comprising preopera-
tive, intraoperative, and postoperative procedures, exhibit a
high degree of preventability regarding the development of
SSI[6, 7].

SSIs make up roughly 20% of all hospital-acquired infec-
tions [8, 9], and about 5% of patients undergoing surgery
develop the SSI that requires an average additional 7 days
of hospitalization [10]. Regarding the cervical spine surgery,
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the pooled incidence of SSI reaches in average 3.4% as
showed in one recent meta-analysis study [11], but could
reach more favorable values when anterior approach is used
(0.1% to 1.6% found in [12-14]).

The preventive multimodal wound control protocol com-
prises multiple preventive measures that reduce the inci-
dence of SSI [15, 16]. It is an important set of procedures
or techniques focusing on the preoperative, intraoperative,
and postoperative period, comprising proper surgical hand
preparation (before and after all care procedures), patient
skin preparation, antibiotic prophylaxis, operating theatre
organization, and discipline [6, 7, 17, 18].

An important part of the preventive multimodal wound
control protocol is optimal antibiotic prophylaxis focusing
on effective dosing and its timing before and during opera-
tion, with no continuation after surgery. It is important to
mention that excessive or inappropriate use of antibiotics
also belongs to well-known problems worsening an epide-
miological status due to multidrug-resistant bacteria [19,
20]. For all these reasons, quality control management for
the prevention of SSIs must be carefully elaborated and
maintained.

The aim of this study was to analyze the incidence of
SSIs of elective cervical spine surgery under the guidance
of our multimodal preventive wound control protocol. This
study is a continuation of our previous single-center study
that analyzed the incidence of SSIs after lumbar and thoracic
surgery [21].

Materials and methods
Study setting

This study was carried at the Neurocenter of the Regional
Hospital with 900 beds, analyzing patients who underwent
spine surgery over a 6-year period from 2005 to 2010. It
examined 797 patients who met the entry criteria: (1) cer-
vical spine surgery performed by neurosurgeons, (2) elec-
tive operations, and (3) postoperative care in our eight-bed
adult neurointensive care unit (NICU). The exclusion cri-
teria involved: (1) acute surgery, (2) antibiotics used after
surgery, and (3) the postoperative period commenced in the
standard neurosurgery bed ward. The demographic data of
this population, spine diagnoses, and duration of stay in the
NICU, along with the values of body mass index (BMI), are
shown in Table 1.

Study design

The monocentric observational cohort study was carried
out after the approval of the Regional Hospital Ethics Com-
mittee for Multicentric Clinical Trials. The data processed
were obtained from the prospective database of preventive
multimodal nosocomial infection control protocol. The data-
base is maintained since 2001 and contains prospective data
related to all parameters collected with respect to monitored
nosocomial infections in our NICU as well as other param-
eters related to patients’ health status.

Table 1 Descriptive statistics of

demographic and clinical data Parameter (N=797) Unit % Mean Star)dz_lrd Median Lowe_r Uppe'r
; g 5 y deviation quartile quartile
of patients with cervical spine (25%) (75%)
surgery
Age Year 51.58 11.74 51.00  44.00 58.00
Female pts  43.91% (350)
Male pts 56.09% (447)
Weight kg 79.20 15.96 78.00  68.00 90.00
Body mass index (BMI) 26.87 4.4l 26,40 23.85 29.60
Spine diagnoses
Degenerative disease pts 85.19% (679)
Trauma pts 11.04% (88)
Tumor pts  3.76% (30)
Stay
Neurointensive care unit Day 1.19 096 1.00 1.00 1.00
Standard neurosurgery ward Day 439  4.60 3.00 3.00 4.00
Total hospital stay Day 6.90 12.11 4.00 4.00 5.00
Diabetes mellitus pts  9.66% (77)
Ulcer prophylaxis pts  14.30% (114)
Omeprazole pts  12.67% (101)
N—number of patients, BMI—Body mass index
@ Springer
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The following clinical parameters were observed: (1)
spine diagnosis; (2) parameters associated with opera-
tions—surgery approach and technique, number of ver-
tebrae involved in surgery, reoperations, duration of
surgery, use of instrumented fixation; (3) presence of
drainage, mechanical ventilation, catheters (artery, cen-
tral venous), diuresis; (4) administration of corticoids
(methylprednisolone, hydrocortisone), transfusions,
ulcer prophylaxis, and diabetes mellitus; (5) postoperative
care—during the NICU stay evaluated by the Therapeutic
Intervention Scoring System (TISS).

The actual physical status and clinical health condition
of our patients were evaluated using the American Society
of Anesthesiologists (ASA) score and the Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) II score
(supplemented by levels of C-reactive protein (CRP) and
BMI values, see Table 2).

Multimodal preventive wound control protocol

A crucial part of a preventive multimodal wound control
protocol is an optimal antibiotic prophylaxis that focuses
on effective dosing and its timing before and during oper-
ation, with no continuation after the operation. Cefazolin
was the first antibiotic choice, with Clindamycin admin-
istered in the case of allergy to beta-lactam antibiotics.
Cefazolin was administered 30-60 min before surgery
(that is, before the incision, 2 g if body mass was less than
100 kg, otherwise 3 g), and readministered if the surgery
lasted more than 4 h, or if the blood loss was greater than
1.5 L. The dose of Clindamycin used was 600 mg, 60 min
before surgery, and repeated if surgery was longer than
6 h. (For body weight above 100 kg the dose was 900 mg.)

The hygienic regime consisted of the following meas-
ures: (1) hand hygiene before and after all care proce-
dures; (2) surgical face masks, surgical caps, sterile sur-
gical gowns, sterile insertion of systems during invasive
procedures; (3) disinfection with soap before entering
the operating theatre; (4) rules and procedures for drain-
age and tubes: single-use products, closed systems only,
emphasis on the shortest duration of procedures, mini-
mization of disconnections of used port systems, regular
as well as irregular replacements according to the vendor
instructions and recommendations; (5) full wound cover-
age and keeping wounds dry and sterile; (6) full isolation
of patients with infections (use of separated patient boxes,
enhanced barrier precautions, treating and disposing
health-care waste as contaminated, etc.); (7) daily clean-
ing and disinfecting of surfaces including beds, monitors
and other equipment around the bed, door handles and
floors.
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Surgical site infections

Surgical site infections were defined according to (1) clinical
symptoms, (2) bacterial pathogens, (3) imaging methods, (4)
biochemical and hematological laboratory tests, according
to the CDC guidelines for SSI [1]. Surgical site infections
were followed up for 1 year after surgery.

Statistical analysis

Statistical analysis was performed using STATISTICA 13.2
software (TIBCO Software Inc., Palo Alto, CA, USA). We
evaluated mainly the parameters of descriptive statistics,
comprising medians, means, standard deviations (SD), fre-
quencies, percentage, and quartiles of evaluated variables.

Results

Of the total of 797 patients included in the study, 2 patients
had SSI (0.25% of all enrolled individuals, all patients began
their postoperative period in the NICU). There was 1 patient
with deep surgical site infection and 1 patient with organ/
space osteomyelitis. Both patients had preceding wound
complications: wound dehiscence in the case of deep surgi-
cal site infection and liquorrhea in the case of osteomyeli-
tis. The deep surgical site infection occurred 15 days after
the posterior approach to the cervical spine and was caused
by Enterobacter cloacae. The osteomyelitis was diagnosed
7 days after the anterior cervical spine surgery and was
caused by Staphylococcus aureus. Both patients had diabe-
tes mellitus. The incidence of SSI of the anterior surgical
approach was thus 0.14% (one of 706 patients) and of the
posterior approach 1.4% (one of 68 patients).

There were 17 patients (2.13%) who had noninfectious
wound complications and therefore were not classified as
SSI according to the CDC guidelines [1]. Table 3 shows
in detail the type of wound complications. They comprised
mostly temporary secretion (7 patients), dehiscence (4
patients, 2 cases with dehiscence only, 1 case with dehis-
cence and secretion, 1 case with dehiscence and hematoma),
liquorrhea (2 patients), hematoma (1 patient), and edema (3
patients).

Discussion

The incidence of surgical site infections (SSI) is an indicator
of operation care quality and represents an unavoidable risk
in any surgery [22]. It reaches 2—-11% in all surgical interven-
tions according to the data referred in [23]. It depends both
on factors related to the patient characteristics and on fac-
tors related to procedures performed on the patient before,
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Table 2 Characteristics of cervical spine operations

Parameter (N=797) Unit % Mean Standard deviation Median Lower quar-  Upper
tile (25%) quartile
(75%)
Number of vertebrae
1 pts 56.71% (452)
2 pts 34.25% (273)
3 pts 6.02% (48)
ASA score 1-2 81.68% (651)
Reoperation pts 5.14% (41)
Time of operation Minutes 103.72 5917 90.00 70.00 120.00
Operation approach
Anterior pts 88.58% (706)
Posterior pts 8.53% (68)
Instrumented fixation pts 92.22% (735)
Drainage pts 96.24% (767)
Redon pts 95.61% (762)
One drainage pts 85.82% (684)
Transfusions pts 1.13% (9)
Blood loss ml 160.61 327.40 50.00 50.00 100.00
Hemoglobin g 130.00 16.86 131.00 121.00 142.00
Corticoids pts 8.66% (69)
Methylprednisolone pts 1.38% (11)
Hydrocortisone pts 5.65% (45)
Antibiotic prophylaxis pts 98.49% (785)
1-dose operation 1 V pts 89.71% (715)
2-dose operation 2 V pts 5.77% (46)
Cefazolin pts 86.83% (692)
Clindamycin pts 10.92% (87)
Postoperative period
TISS—NICU admission 57.72 0.76 58.00 58.00 58.00
APACHE II—NICU admission 7.22 3.05 7.00 5.00 9.00
CRP day OP 6.32 14.60 2.00 1.00 5.00
CRP 1 day after OP 23.76 23.02 16.00 8.00 31.00
Mechanical ventilation pts 1.13% (9)
Artery catheters pts 5.14% (41)
Day 2.59 2.60 1.00 1.00 3.00
Central venous catheter pts 2.01% (16)
Day 594 4.82 5.50 2.00 9.00
Urine catheter pts 49.69% (396)
Day 1.32 1.56 1.00 1.00 1.00

ASA—American Society of Anesthesiologists, NICU—neurointensive care unit, TISS—Therapeutic Intervention Scoring System, APACHE—
Acute Physiology and Chronic Health Evaluation, CRP—C-reactive protein, OP—operation

during, and after surgery. The incidence of SSI related to
spine surgery [24] ranges from 0.7 to 11.9% according
to the following data [25-27]. It is often considered an indi-
cator of the sanitary, hygienic, and microbiological regime
of a given surgical department and ICU [28], but is also
dependent, as mentioned, on the extend and the type of sur-
gery. For example, the Surgical Invasiveness Index (SII)—a
composite score comprising the number of vertebrae levels

@ Springer
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involved, the type of surgery performed at each level, the
amount of blood loss, and the duration of surgery—belongs
to proven SSI predictors. (An increase in the SII score is
associated with a higher incidence of SSI, [29].)
Complications inflicted by SSI should be avoided,
although this is not an easy task to achieve. A very important
prerequisite in reducing SSIs is a well-managed multimodal
preventive protocol focusing on factors that are preventable,



European Journal of Orthopaedic Surgery & Traumatology (2023) 33:1997-2004 2001

Table 3 Wound complications

Parameter (N=797) Unit Number %
Wound complications pts 17 2.13
Secretion pts 7 0.88
Dehiscence pts 2 0.25
Dehiscence with secretion pts 1 0.13
Dehiscence with hematoma pts 1 0.13
Hematoma pts 1 0.13
Edema pts 3 0.38
Liquorrhea pts 2 0.25
Surgical site infections pts 2 0.25
Deep surgical site infections pts 1 0.125
Organ/Space—Osteomyelitis pts 1 0.125

including sanitary, hygienic, and microbiological measures,
minimizing the contamination of surfaces and wounds with
endogenous or hospital pathogens [6]. Established proce-
dural methods in the preoperative and perioperative period
confirm a high degree of preventability of SSI [3].

A good clinical outcome of the patient is certainly a pri-
mary target; however, there are also implications and con-
cerns for a whole health system. Among them, there are
prolonged hospitalizations, increased demands for additional
care, increased financial costs, adverse effects on epidemio-
logical status, and antibiotic policy due to the necessity of
extensive use of antibiotics. The most demanding aspect
of any protocol is not to introduce it, but to adhere to it
and keep it working effectively. That must be carried out
implicitly by the entire team, focusing equally responsibly
and thoroughly on the preoperative, operative, and postop-
erative period.

In our study, we focused on both anterior and posterior
cervical spine operations. We included a relatively large
group of patients, summing up 797 individuals who over a
six-year period met the study entry criteria (elective cervical
spine surgery and the beginning of the postoperative period
in NICU). Our results are based on collected data respecting
the definition of SSI according to Horan et al. [22] and the
CDC SSI guidelines [1]. Over the period of one year fol-
lowing the operation, we observed only 2 cases of SSI, just
0.25% altogether. The reason for such a low incidence of SSI
can be seen in the dominance of cases treated for degenera-
tive diseases (85.19%) and possibly in the high prevalence
of the anterior approach (88.58%), which has a significantly
lower incidence of SSI [30], which corresponds with the SSI
incidence in our cohort of patients (0.14% with anterior vs.
1.4% with posterior, or 0.25% comprising both approaches).
In one study, analyzing 452 cases, even no SSI was found
associated with the anterior spine approach, regardless of
the vertebrae level operated [31]. The anterior approach also
implies a smaller blood loss (mean 160.61 +327.40). This
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corresponds to the fact that the transfusion was only given
to 9 patients, which could have resulted in fewer SSI. (Blood
loss and subsequent transfusion are considered to increase
the risk of SSI [32], although some works consider blood
transfusion to be only a confounding variable that correlates
with the duration of surgery [4].) Furthermore, most of our
patients had low ASA scores (1-2 in 81.68% of patients),
which could also have caused sampling bias toward a health-
ier population exhibiting fewer SSIs. Among other factors
that could be responsible for the low SSI incidence of our
patients is the low average age (51.58 years), the relatively
low BMI (26.87), and the short total stay in the hospital
(6.9 days, 1.19 in the NICU +4.39 in the standard neurosur-
gery ward). Furthermore, the fact that all our patients under-
went elective surgery may play a role in our low incidence
of SSI, since the patient's preparation for surgery, as well
as the surgical procedure, could have been performed more
cautiously and deliberately compared to acute surgery. Thus,
all the facts mentioned could contribute to the observed low
incidence of SSI. This can be compared to other studies
focusing on cervical surgery referring the incidence of SSI
1.6% ([12]—both approaches combined analyzing 39,893
patients), 1.2% ([13]—a systematic review calculating a
pooled incidence analyzing 965,867 patients with anterior
approach), or 0.1% (found in [14] analyzing 1015 patients
after anterior approach). A certain role in the low incidence
of cervical spine SSIs could be attributed to the fact that
wounds from spine surgery are located further from the
sites or predilected sources of enteral bacterial flora (anus
and perineal regions, contaminating surgical wounds due
to the patients excretion and related sanitary procedures),
an assumption that can partially be supported by a signifi-
cantly higher SSI incidence of lumbar and thoracic surgery
performed at our neurosurgery center (adhering to the same
wound prevention protocol, however, with an incidence of
SSI reaching 8% [21]).

Risk factors that increase the incidence of SSI include
noninfectious wound complications, such as secretion,
dehiscence, or liquorrhea. Our wound complications can be
seen in Table 3. It is vital to pay special attention to every
uninfected wound complication, as they are prone to become
infected in a very short time interval. The antibiotic policy,
including dosing and scheduling, also plays a very important
role in the management of SSIs. With the protocol that is fol-
lowed properly, it seems that it is not necessary to administer
antibiotics in the postoperative period. In our study, only 16
(2.01%) patients received prolonged antibiotic prophylaxis,
mainly due to common accidents during surgery (e.g., rup-
tured gloves). There is a rule in our neurocenter imposing
monitoring of all patients after the cervical spine surgery
in the NICU to minimize complications until patients are
fully stabilized. So, all patients in our study begin their
postoperative period in the NICU (this postoperative period
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was short and lasted 1.19+0.96 days), followed by a stay
in the standard neurosurgery bed ward (4.39 +4.6 days).
That could have reduced the incidence of SSI with surgical
wounds carefully monitored and meticulously treated there.
However, NICUs, or in general ICUs, are also known to
have a generally higher risk of acquiring multiresistant bac-
terial pathogens [33] compared to staying in the standard
surgical ward. Thus, in general, the resulting SSI incidence
could be affected in any direction, depending on the actual
epidemiological status of a given ICU (especially worrying
are the pathogens known as MRSA—Methicillin-resistant
Staphylococcus aureus, and extended spectrum f-lactamase
(ESBL) producing enterobacteria). At our NICU, the risk
of multidrug-resistant bacteria and nosocomial infection
was shown to be low [34]. A routine surgical technique per-
formed by our team that focuses on a narrow spectrum of
surgery types could also be taken into account to explain
the lower incidence of SSI. In our NICU, we pay special
attention to comply with the rules of our protocol, keeping
the wounds dry and completely covered, and trying not to
prolong the antibiotic prophylaxis unnecessarily. Since one
of our main goals was to evaluate the validity of our mul-
timodal preventive wound control protocol, having only 2
SSIs from 797 patients (0.25%) indicates that our protocol
is effective and contributes significantly to the minimaliza-
tion of SSIs.

Our study has several limitations. Low and favorable ASA
(81.68% of patients had ASA scores 1-2) can be consid-
ered as one of them, resulting in the lack of SSI data on the
incidence of SSI in patients with higher, possibly more fre-
quent ASA scores. A higher ASA score directly increases the
incidence of wound complications and implies a prolonged
stay in hospital, thus contributing additionally to the higher
incidence of SSI. We also did not assign our patients to sub-
groups of smokers and nonsmokers, the state of nutrition on
SIS incidence was also not studied in detail, as well as we
were not able to extract other risk factors of SIS from our
data. The main reason behind that is that in the presented
study we had only 2 cases of SSI from 797 patients enrolled
in the study, which prevented meaningful comparison of
these two incommensurable groups of patients (case group
comprising 2 patients vs. 795 patients that would make a
control group), and hindered any reasonable comparative
analysis of SSI risk factors within our group of patients.
Since this is an observational, single-center study, we were
also not able (for ethical as well as operational reasons) to
compare two groups of patients, one under our current mul-
timodal preventive wound protocol, with another one adher-
ing to a different protocol. We are fully aware that the low
incidence of SSI in this study is also partially a consequence
of other factors that are not fully related to the parameters of
our preventive wound protocol, factors already discussed in
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previous paragraphs, related primarily to the characteristics
of the population involved in this study.

Conclusions

The incidence of surgical site infection can be kept con-
siderably low in the cervical spine surgery once the proper
multimodal preventive wound control protocol is introduced
and maintained. (In our case, the incidence of SSI after ante-
rior surgical approach was 0.14%, after posterior approach
1.4%, and for both approaches 0.25%.) These values per-
tain to specific group of patients observed in our hospital
who underwent the elective cervical surgery, had an average
age close to 51 years, a low ASA score (1-2 in 81.68% of
patients), and an indication for surgery due to degenerative
disorders (85.19%).
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3.3.3. Individualized perioperative management in transoral spine surgery: a
single-center cohort study evaluating surgical wound complications and

wound infections. BMC Anesthesiology. 2022

Posledni ¢tvrta habilitacni prace se zabyvala infekcemi v misté chirurgického
vykonu u operaci kréni patete transoralnim piistupem. Z hlediska vyskytu infekénich
komplikaci se jedna o operace patefe s vysokym rizikem [112], které vyzaduji
individualizovany perioperacni piistup. Tyto operace jsou soucasn¢ chirurgicky
narocné, Casto vyzaduji i dal$i operaci zadnim piistupem, a v neposledni fad¢ je nutné
zminit, ze se jedna o vzacné operace kréni patefe. Cilem tohoto vyzkumu bylo
zhodnoceni individualizovanych preventivnich perioperaénich postupti z pohledu
intenzivni péce na vznik SSI, jako je zajisténi dychacich cest pomoci piedoperacni
tracheostomie, poopera¢ni uméla plicni ventilace nebo zavedeni nazogastrické sondy
k zajisténi vyzivy.

Za ptednost tohoto vyzkumu lze povaZovat analyzu naSeho dlouhodobého
vyvoje, kterd ukdzala, Ze dodrZovany individualizovany preventivni perioperacni
pfistup nepiedstavuje riziko SSI u téchto transoralnich operacich kréni patete, a to ani
u vykonu provedenych z dtivodu primarniho zanétlivého onemocnéni. Vyznam této
prace spociva v potvrzeni rizikového zadniho pfistupu pii operacich patefe i pii
srovnani s transordlnim pfistupem. Dal§im dileZitym piinosem této prace je zjisténi,
ze neinfek¢ni komplikace v opera¢ni rané nemusi u transoralniho ptistupu vést k SSl,
a ze tedy kvalita pée o operatni ranu je vyznamny faktorem eliminace SSI a
doporucené nastaveni preventivnich postupll vykazuje vysoky stupen preventability
SSI. Tento vyzkum vedl na nasem pracovisti k dalSimu zptisnéni protokolu péce o

operacni ranu.
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Abstract

Background: Transoral spine surgery is specific due to both its surgical approach and the spectrum of diseases it
targets. Patients with high age and elevated clinical frailty scores are often involved, and there are reports of increased
risks of surgical site infection (SSI) due to extended exposures requiring maxilotomy or mandibulotomy. Our case
series describes surgical wound complications under the meticulous application of individualized perioperative multi-
modal management.

Methods: Our primary outcome was the occurrence of SSI and the secondary outcome was the occurrence of other
noninfectious wound complications evaluated in 22 adult patients who consecutively underwent the transoral spine
surgery from 2001 to 2018 (trauma — C2, cervical nonunion: 6 patients, 27%; tumor: 4 patients, 18%; osteomyelitis: 6
patients, 27%; other non-traumatic cases: 6 patients, 27%). Structuralized data comprising parameters related to noso-
comial infections after spine surgery were continuously processed and put into specialized database of preventive
multimodal nosocomial infection control protocol that was used as a main source of analyzed parameters. The mean
age of studied cohort was 54.9 + 15.5 years, with 68% males, mean body mass index (BMI) 24.9 £ 522, and the mean
clinical frailty score was 2.59 + 1.07. There were 7 patients (32%) who only had the transoral approach and 15 patients
(68%) having this approach followed by additional posterior approach. We observed SSI from all wound complications
for up to one year after surgery.

Results: There were 4 (18%) superficial wound complications from transoral approach, but none of them were
infected. We had 2 patients (13%) with deep wound infections after subsequent posterior approach, but only one
(4.5%) was classified as SSI.

Conclusions: We describe the wound complications and the incidence of SSI in a series of 22 patients after the
transoral surgery. Considering the average values of the clinical frailty score reaching 2.59, American Society of Anes-
thesiologists score of 2.73, and the BMI of 26.87, the transoral spine surgery did not seem to be a considerable risk for
SSlin the analyzed cohort, provided preventive perioperative multimodal management is properly individualized and
followed.

Keywords: Surgical site infection, Transoral, Surgery, Frailty, Wound complications, Antibiotic prophylaxis, Skull base
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Introduction

Transoral (TO) spine surgery is specific due to both its
surgical approach and the spectrum of diseases it tar-
gets [1, 2]. Patients with high age and elevated clinical
frailty scores are often involved and there are reports of
increased risk of surgical site infection (SSI) mainly due
to perioperative considerations, technical aspects per-
taining the TO approach, prolonged surgery and more
complex techniques involving maxilotomy or mandibul-
otomy [3]. The perioperative stress is often increased by
a necessity for an additional surgery—a stabilization via
posterior approach. The preventive perioperative multi-
modal management has an important role in the reduc-
tion of adverse events of SSI. A careful and individualized
perioperative strategy is necessary and represents an
indicator of operation care quality.

The transoral approach was introduced by Kanavel [4]
in 1917 as a novel approach to reach the upper cervical
vertebrae (C1-C2). Surgical site infections represent an
unavoidable risk in any surgery, but in the TO spine sur-
gery, the risk of SSI is increased due to the food intake
during the postoperative period and the possibility of
perioperative  wound contamination. The preventive
multimodal wound control protocol relies on a hygienic
regime in the operative and postoperative periods and
assumes a correct antibiotic prophylaxis [5, 6]. An inap-
propriate (often excessive) use of antibiotics worsens the
epidemiological status and leads to the rise of multidrug
resistant bacteria.

In this study we focused on the description of:

1) the important aspects and parameters of indi-
vidualized perioperative management (duration
of mechanical ventilation, use of endotracheal and
tracheostomy tubes, nasogastric tubes, arterial and
venous catheters, type of nutrition and drug prophy-
laxis)
the risks of the TO approach for odontoid osteo-
myelitis compared to non-infectious pathologies
(including the SSI risks for subsequent posterior
approach)
3) the recurrent osteomyelitis after surgery
4) the influence of the extent of TO surgery on the SSI
5) the time interval between the TO surgery and the
additional surgery via posterior approach.

L)

The aim of this case series study is the characteriza-
tion of surgical wound complications. We focused on
the primary outcome which was the evaluation of the
incidence of SSI after the transoral surgery that adheres
meticulously to a modern perioperative preventive mul-
timodal wound control protocol individualized accord-
ing to the patient status. The secondary outcome we were
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interested in was the occurrence of noninfectious surgi-
cal wound complications (dehiscence, hematoma, secre-
tion, liquorrhea, metalwork prominence, etc.).

Materials and methods

Data source and data collection

The prospective database of preventive multimodal
nosocomial infection control protocol of the Neuroin-
tensive Care Unit, belonging to the Regional Hospital
Neurocenter—one of the country’s spinal surgery cent-
ers—is maintained since 2001. It contains prospective
data related to all parameters collected with respect to
monitored nosocomial infections in our NICU, and other
parameters related to patients’ health status. This study
analyses a series of 22 patients who underwent the TO
surgery consecutively from 2001 to 2018, with no patients
excluded from this study. Our TO surgery patients have
been recruited from all over the republic. We classified
SSI according to the location of infection into superficial
(involving skin and subcutaneous tissue), deep (deep soft
tissue as fascial and muscle layers), and organ/space (part
of the body deeper than the fascial/muscle layers that
is opened or manipulated during the operative proce-
dure). The patient status was classified mainly by inten-
sive and emergency medicine scores and indexes, namely,
the American Society of Anesthesiologists (ASA) score,
the Acute Physiology and Chronic Health Evaluation
(APACHE) score, the Therapeutic Intervention Scoring
System (TISS), and by the three types of patient frailty
scoring systems (Frailty index, Frailty index-11 and Clini-
cal frailty score) related to postoperative morbidity and
mortality.

The demographic data, history of diseases and spine
diagnosis are listed in Table 1.

The type of operation approach, duration of sur-
gery, instrumented fixation, blood loss, transfusions,
drainage, ASA score, are seen in Table 2. Postopera-
tive neurocritical care procedures and related details
(mechanical ventilation, endotracheal tube, trache-
ostomy tube, arterial, central and urine catheters,
gastrointestinal tube, body temperature, use of corti-
coids, ulcer prophylaxis, nutrition), associated health
complications, TISS and APACHE II scores, are all
described in Table 3. Particular numbers of patients
and durations in days listed in Table 3 show our indi-
vidualized approach regarding the postoperative care,
demonstrating our decisions respecting individual
conditions of our patients before the surgery, the type
of surgery, and their conditions after the surgery. We
individually considered these conditions and made
decisions regarding:1) the use of mechanical ventila-
tion using endotracheal tube or tracheostomy tube,
2) urine catheters, 3) peroral vs. enteral (nasogastric
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Table 1 Demographic and clinical data of the patients
Parameter (N=22) Unit % Minimum Maximum Mean Standard Median
deviation
Age year 23 77 549 15.5 60
Female pts 31%(7)
Male pts 68% (15)
Weight kg 41 105 720 17.1 730
Body Mass Index 238 296 268 44 264
Spine diagnoses
Trauma pts 27%(6)
Non-union of the dens axis ~ pts 5
fracture
Tumor pts 18%(4)
Chondroma pts 2
Metastasis pts 1
Other non-traumatic pts 27% (6)
Rheumatoid arthritis pts 2
Osteomyelitis pts 27% (6)
Localization
C1-2 pts 68% (15)
Cc2 pts 27% (6)
C2-4 pts 4%(1)
Coronary artery disease pts 4% (1)
Arterial hypertension pts 54% (12)
Bronchial asthma pts 9% (2)
COPD pts 4% (1)
Chronic renal failure pts 9% (2)
Hepatopathy pts 13% (3)
Gastroduodenal ulcer pts 9% (2)
Diabetes Mellitus pts 13% (3)
Smoking pts 18% (4)
Ethylism pts 13% (3)
Frailty index 0 5 127 135 1
Frailty index 11 0 045 011 0.12 0.09
Clinical frailty score 1 5 259 1.07 3
Stay in the ICU 0 35 841 7.74 6.50
Total our hospital stay 1 73 2345 16.99 1850
N Number, C Cervical, COPD Chronic Obstructive Pulmonary Disease, ICU Intensive Care Unit
tube) vs. parenteral nutrition (further parameters are  Study design

listed in Table 3 and also in Table 4 which describes
the use of antibiotics). Laboratory data (preoperative
and postoperative blood and biochemical parameters
like hemoglobin, hematocrit, leukocytes, glycemia,
albumin, proteins, lactate, C-reactive protein) are in
Table 5.

In the study we also included parameters related to
an overall health status of the patient represented by
the Frailty Index [7], Frailty Index 11 [8] and Clinical
Frailty score [7] as seen in Table 1.
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The approval to process the data from our preventive
multimodal nosocomial infection control protocol data-
base was issued by the Hospital Ethics Committee (ref.
number of approval EK27). All participants gave written
informed consent prior to all measurements and agreed
with publication. All methods were performed in accord-
ance with the relevant guidelines and regulations.

As mentioned, the TO surgery cohort consisted of a
series of 22 patients, with the mandibular or maxillary
split indicated in 6 (27%) patients. In the subgroup of
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Table 2 Characteristics of the operations
Parameter Unit N % Minimum Maximum Mean Standard Median
deviation
ASA score 4 273 0.69 3
Day of hospitalization day 22 21 6.86 575 45
Time of operation minutes 25 1320 339 288 325
Biopsy before pts 13% (3)
Transoral operation pts 22 31% (7)
Transoral and posterior pts 68% (15)
Consecutive pts 14
Biopsy only pts 0% (0)
Odontoid resection pts 22 72% (16)
Extensive approach pts 27% (6)
Posterior approach pts
Graft only pts 6% (1)
C1-C2 Magerl, Gallie pts 15 26% (4)
C1-C2 Harms pts 20% (3)
Occipito-cervial fusion pts 46% (7)
Graft
Without pts 13% (2)
Bone substitute pts 15 6% (1)
Autologous free pts 33%(5)
Autologous fix pts 46% (7)
Drainage Posterior pts 100% (15)
Suction drainage pts 14
number 15 2 1.50 0.50 1.50
day 3 214 035 2.00
Gravity drainage pts 2
Blood loss ml 22 50 4000 1305 1333 800
Transfusions pts 31%(7)

N Number, ASA American Society of Anesthesiologists

15 probands, the TO approach was supplemented by
a subsequent dorsal fixation operation — the posterior
surgery route.

Patients were divided into two subgroups according
to the extent of transoral resection:

1) subgroup of simple transoral odontoid resection and
2) subgroup of more extensive approach with the split
of either maxilla or mandibula.

The data concerning the posterior approach (con-
cerning 15 patients) fell into 4 subgroups:

1) dorsal interlaminar grafting only

2) transarticular C2-C1 Magerl fixation supplemented
by interlaminar Gallie fusion

3) C1-C2 Harms fixation and fusion

4) occipito-cervial fusion

84

Every preventive multimodal wound control proto-
col comprises of a correct antibiotic prophylaxis with
an emphasis on dosage and timing of administration
before and during the operation. Cefazolin was our first
choice of antibiotic, with Clindamycin administered in
case of allergy to beta-lactam antibiotics. Cefazolin was
administered 30-60 min before surgery (namely before
the incision, 2 g if the body mass was less than 100 kg,
otherwise 3 g), and re-administered, if the surgery lasted
longer than 4 h, or if the blood loss was bigger than 1.5
L. The dose of Clindamycin was 600 mg, administered
60 min before surgery, and repeated if it was longer than
6 h (for body weight above 100 kg the dose was 900 mg).
The prolonged use of antibiotics after the operation was
reduced as much as possible. We adhered the antisep-
tic regime of surgery approach, wound care, single-use
products, closed systems, the minimum duration of sur-
gery, minimal and only necessary disconnection of used
port systems.
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Table 3 Characteristics of the postoperative period
Parameter (N=22) Unit % Minimum Maximum Mean Standard Median
deviation
Admission TISS 52 58 55.10 157 55
Admission APACHE Il 2 15 8.0 369 950
Mechanical ventilation pts 45% (10)
Time day 1 17 390 4.78 150
Endotracheal tube pts 13% (3)
Time day 1 1
Tracheostomy tube pts 54% (12)
Time day 2 85 1358 2258 400
Artery catheter pts 59%(13)
Time day 1 12 4.50 287 4.50
Radialis pts 12
Central venous catheter pts 31%(7)
Time day 2 19 9.17 527 750
Subclavia pts 5
Femoralis pts 2
Urine catheter pts 90% (20)
day 1 33 805 7.98 4.00
Nasogastric tube pts 81%(17)
day 1 15 506 324 5.00
Body temperature (max) 33 395 373 205 38.00
Complications
Delirium pts 9% (2)
Respiratory pts 9% (2)
Hemodynamics pts 40% (9)
Acute kidney injury pts 18% (4)
Dysphagia pts 27% (6)
Enteral nutrition pts 68% (15)
day 2 1 446 244 4.00
Parenteral nutrition pts 22%(5)
day 1 28 9.40 9.77 7.00
Insulin pts 40% (9)
Ulcer prophylaxis pts 72%(16)
Corticoids pts 68% (15)
Dexamethasone pts 3
Methylprednisolone pts 6
Hydrocortisone pts 5

Parameters in the table represent numbers of patients or days that demonstrate either the size of patient subgroups or the duration of complications in days, as well
as our decisions respecting the individual approach to our patients during the perioperative period

N Number, TISS Therapeutic Intervention Scoring System, APACHE Acute Physiology and Chronic Health Evaluation

Surgical site infections were defined according to 1)
clinical symptoms, 2) bacterial pathogens, 3) imaging
methods, 4) biochemical and hematological laboratory
tests. SSI were followed and evaluated up to one year
after the surgery.

Statistical analysis

The statistical analysis was done in Microsoft Excel.
We evaluated parameters of descriptive statistics. We
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calculated minima, maxima, medians, means, standard
deviations (SD), frequencies and percentages of evalu-
ated variables.

Results

Regarding the presented cohort of patients undergo-
ing the TO surgery, there were 4 (18%) patients with
transoral superficial wound complications (2 patients
with tumor, one with traumatic etiology, one with
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Table 4 Antibiotic prophylaxis in the non-infection transoral
surgery

Parameter (N=16) Unit %
Antibiotic prophylaxis pts 72% (16)
Operation doses pts 25% (4)
Day 1 pts 6% (1)
Day 2 pts 6% (1)
Day more than 2 pts 629%(10)
Antibiotic 1 pts 37%(6)
Antibiotic 2 pts 56% (9)
Antibiotic 3 pts 6% (1)
Cefazolin pts 75%(12)
Amoxicillin clavulanate pts 56% (9)
Clindamycin pts 6% (1)

N Number

non-traumatic etiology). However, none of those patients
had infection of the wound. The noninfectious com-
plications from the TO approach were the dehiscences
of the pharyngeal mucosa that were solved with a con-
servative treatment and concerned 3 nonsmoker patients
with BMI 21.8, 24.2, and 26.2. They had the nasogastric
tube for 5, 8, 14 days, and started to eat orally once the
dehiscence was cured. Noninfectious wound complica-
tion of the fourth patient was the metalwork prominence
which caused serious dysphagia and was solved surgically
by reoperation on 27" day (that patient was cachectic,
ethylic and smoker, with BMI 13.9). None of those four
patients had pathological cultivation, all had tracheosto-
mia, all received Amoxicilin clavulanat as profylaxis, and
three of them were on mechanical ventilation.

Two deep wound infections were registered after the
posterior approach surgery. The first wound infection
developed in the 69-year-old lady with the frailty index
score 3, after the TO and subsequent posterior spine
surgery lasting 440 min altogether, with a blood loss of

Table 5 Laboratory examination
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1000 ml (it was performed due to nonunion of the frac-
ture of axis vertebra). This infection occurred 34 days
after the surgery, so it was classified as SSI according
to the SSI guidelines [9]. It was caused by Bacteroides
species and Peptostreptococcus species according to
microbiological testing. This deep infection was found
in a surgical wound with healed skin suture underneath
which a subcutaneous palpable pus collection (contain-
ing approx. 30 ml of thick smelling pus) was found and
punctured. That patient had a higher risk of SSI because
she had tonsillitis with fevers reaching 39 °C, which was
treated with Amoxicilin clavulanat antibiotics before this
SSI was found.

The second deep wound infection was observed in
a 63-year-old man with the frailty index score 3, after
the TO and subsequent posterior spine surgery lasting
1320 min both, with a blood loss reaching 4000 ml. This
operation was performed due to a C2 chordoma extend-
ing into surrounding tissues, and the infection appeared
6 months after the surgery as a purulent fistula and
recurrence of a chondroma. Pathogens were identified
as Staphylococcus aureus and Escherichia coli. However,
that infection was not classified as SSI according to the
CDC guidelines [9] since it had not appeared within a
90-day period after surgery. Thus, the overall incidence
of SSI after the TO approach reached 4.5% (in one of 22
patients) in our cohort.

Table 1 shows the spectrum of spine diagnoses
involved in this study, frailty scores and indexes, patient
comorbidities and demographics. In Table 2 are seen
details about performed surgery, blood loss and transfu-
sions. The postoperative care details that are reflecting
our individualized postoperative approach that is taking
into account preoperative as well as postoperative condi-
tions and complications influencing our decision regard-
ing the appropriate approach for each patient (duration
of mechanical ventilation, use of the endotracheal tube,

Parameter Unit Reference range Before operation mean  After operation mean + SD
+SD

Haemoglobin all 135-175 1294541835 93.05+22.09 The lowest value
Hematocrit 04-05 038+006 0284007 The lowest value
Leukocytes 10°1 4-10 7374284 17311479 The highest value
Albumin g/l 35-52 34544547 26424719 The lowest value
Protein g/l 66-87 7050+ 4.70 43.91 £ 26.00 The lowest value
C-reactive protein mg/| 0-5 11.54 £ 14,55 9444 47520 The highest value
Glycemia mmol/I 41-56 6,044+ 202 106+ 344 The highest value
Lactate mmol/l 0.36-075 276 +1.51 On admission ICU

3.10+£203 The highest value

SD Standard Deviation, ICU Intensive Care Unit
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tracheostomy tube, nasogastric tube, type of nutrition
and pharmacotherapy, etc.), are listed in Table 3. Detailed
information on antibiotic prophylaxis are seen in Table 4.
Table 5 contains information on blood examinations
before and after surgery.

Discussion

Surgery via transoral approach is considered to have
an inherently higher risk of SSI and a higher number
of complications during the postoperative period. This
is mainly attributed to a specific surgical route through
the oral cavity and less familiar anatomy associated with
it [10, 11]. These appear to be factors limiting a wider
adoption of this technique, however, regarding the inci-
dence of SSI, there is some data indicating that the TO
approach does not necessarily increase it when compared
to the posterior approach, at least concerning the 30-day
follow-up period after surgery [12].

The gradual renaissance of the TO approach is linked
not only with newer operative technologies (e.g., anterior
fixation via the TO approach [13] or robot-assisted TO
[14]), but also with a deeper understanding of preventive
and therapeutical measures. These include a standard-
ized preventive multimodal wound control protocol that
is concentrating on the preoperative, perioperative and
postoperative phases, being properly individualized to
respect the health status of the patient, an approach that
is playing a pivotal role in the success of the treatment.
The incidence of SSI is thus considered a significant qual-
ity indicator of surgery and individualized perioperative
care.

In our prospective database of preventive multimodal
nosocomial infection control protocol, we analyzed 22
patients who underwent the TO surgery during the ref-
erence period from 2001 to 2018. Both infectious and
non-infectious pathologies were included in the study.
Our results show one SSI developed after the TO sur-
gery. There were 4 superficial wound complications (3
mechanical dehiscences of the pharyngeal mucosa and
1 metalwork prominence) after the TO approach, how-
ever, with no pathological cultivation, and this compli-
cation was not detected in patients with osteomyelitis
surprisingly.

Our data shows 4.5% incidence of SSI after the TO
surgery, which means that the SSI developed in just one
patient whose spine was fixed anyway with the consecu-
tive posterior surgery—a value comparable with other
monocentric studies focusing on the SSI incidence after
TO surgery. In a study by Yin et al. [3], the incidence
reached 3.5% (172 patients), and in [12] it was 1.79% (56
patients).

TO surgery often requires subsequent posterior spine
stabilization. This can be done in a single session (in case

87

Page 7 of 9

there is a significant loss of spinal stability after TO sur-
gery), or it can be postponed and performed separately
under more favorable conditions. The combination of TO
surgery and consecutive fixation with posterior approach
was performed in 15 patients, with 14 patients undergo-
ing single-stage surgery, leading to longer total operation
times (mean 339 min). Although the duration of surgery
is known to be a significant factor increasing the inci-
dence of SSI [15, 16], it is very likely that such surgery
durations did not increase the incidence of SSI in our
patients.

Having just one SSI in our cohort of 22 patients also
reflects the indication criteria (see Table 1), and a delib-
erate selection of patients elected for TO surgery in our
hospital. A proper selection of patients, based on the
complex conciliar discussion that is considering pos-
sible prognosis and outcomes, and the meticulous pre-
operative preparation, are of the utmost importance for
a long-term success of TO surgery. Taking into account
the extent and the duration of this type of surgery, only
patients with responsibly chosen TO indication and in
good health conditions will have acceptable postopera-
tive complications and low mortality rate. In the reported
cohort, there were no highly polymorbid patients: coro-
nary artery disease—1 patient, COPD—1 patient, chronic
renal failure—2 patients, diabetes mellitus—3 patients. 12
patients had arterial hypertension and there was no sub-
stantial obesity (mean BMI 26.87). The ASA score (mean
2.73) and the clinical frailty score (mean 2.59) reflect our
deliberate selection of patients undergoing the exten-
sive TO surgery. We included frailty scores (see Table 1)
because many clinicians think this scale has a good pre-
dicting value and commonly outperforms other measures
of comorbidity and risk of death—or outcomes of serious
health conditions, including complications from surgery
and corresponding postoperative mortality and morbid-
ity [7, 8].

Standardized wound care is an irreplaceable part of
the multimodal wound control protocol. This includes
the individualized preoperative assessment of risks and
the intended extent of surgery. To the most important
steps belong the individualized decisions about transoral/
transnasal intubation versus tracheostomy (12 patients,
55%), which is influencing the incidence of SSI, favoring
the latter as more advantageous in this regard. Also, the
form of nutrition after the TO surgery must be respon-
sibly assessed since the nasogastric line is placed near
surgery wounds and could increase the incidence of SSI
during the postoperative period. We used enteral nutri-
tion in 15 patients (68%), and only 5 patients required
parenteral nutrition (5 patients, 23% patients).

The wound care is rather atypical in patients undergo-
ing the TO surgery and consists of proper preoperative
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preparation, meticulous technique of closure and proper
postoperative regime. Any contact between the wound
and the tubes (endotracheal, nasogastric, etc.) should
be avoided. If this is not feasible, changes must be
made in the position of the tubes to prevent decubitus.
We observed 3 cases of superficial pharyngeal dehis-
cence with negative bacteriological cultivations. These
defects often involve only part of the suture and tend to
heal quickly by epithelization in the absence of bacte-
rial superinfection. There was only one SSI despite the
6 cases of osteomyelitis and the use of corticoids in 15
patients (68%).

The most common postoperative complication seen
was a hemodynamic instability requiring vasopres-
sors (9 patients, 41%). The mean lactate level after sur-
gery was 2.76 mmol/L, with a maximum value reaching
3.1 mmol/L.

One of the most important parts of the protocol is a
proper antibiotic policy. The unique nature of TO sur-
gery prevented us from adhering to a protocol used in
general spine surgery (one dose preoperatively and intra-
operative administration only — that was applied only in
4 cases). There were 2 patients receiving antibiotics for
up to 48 h postoperatively and 10 patients (63%) who
received another dose of antibiotics. Prolonged prophy-
laxis was required in 3 cases of superficial dehiscence,
but some of reported patients (namely those with osteo-
myelitis) required prolonged antibiotic therapy. The
cefazolin was used as a first-choice prophylactic antibi-
otic (12 patients, 75%), followed by Amoxicillin clavula-
nate (9 patients, 56%).

Our study has several limitations. Despite a 17-year
span, we only had 22 patients undergoing the TO surgery
in our neurocenter. Moreover, our population sample
had a low number of polymorbid and obese patients, low
frailty score and low number of smokers.

However, the study is monocentric, analyzing our own
cases of relatively rare TO surgery, known to be much
less frequent compared to other types of spine surgery.

Conclusions

We analyzed wound complications and the incidence
of SSI in a series of 22 patients undergoing the tran-
soral surgery. We report the ASA, APACHE and TISS
scores as well as the three frailty measures correlating
with the patient health status. Having only one SSI,
and taking into account evaluated patient score lev-
els, we would like to conclude that the transoral spine
surgery did not seem to be a considerable risk for SSI
in our cohort, assuming an individualized periopera-
tive multimodal preventive management and adequate
indication criteria for TO surgery are met.
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4. Seznam zkratek

ACS

APACHE

ASA

BSI

CAUTI

CLABSI

CNS

CPE

CRBSI

ECDC

ESBL

GCS

GOS

HAI

HAP

JIP

MDR

MRSA

NAP

NJ

Protokol

SCIE

SSI

American College of Surgeons

Acute Physiology and Chronic Health Evaluation
American Society of Anesthesiologists

Blood stream infection

Catheter-associated urinary tract infection
Central line-associated blood stream infection
Centralni nervovy systém

Carbapenemase producing Enterobacteriaceae
Catheter-related blood stream infection

European Centre for Disease Prevention and Control
Extended spectrum B-lactamases

Glasgow Coma Scale

Glasgow Outcome Scale
Healthcare-associated Infection
Healthcare-associated pneumonia

Jednotka intenzivni péce

Multidrug resistant

Methicilin-rezistentni Staphylococcus aureus
Nérodni antibioticky program
Neurointenzivni jednotka

Preventivni multimodalni protokol nozokomidlnich infekci
Science Citation Index Expanded

Surgical Site Infection
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TISS Therapeutic Intervention Scoring System

VAP Ventilator-associated pneumonia

VAT Ventilator-associated tracheobronchitis
VRE Vancomycin-resistantni Enterococcus
WHO World Health Organization

WOS Web of Science
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6. Komentar

Habilita¢ni prace s nazvem Infekce spojené se zdravotni péci u onemocnéni
mozku a patefe je predkladana jako komentovany soubor Ctyi publikaci, které vSechny
hodnotily efektivitu Preventivniho multimodalniho protokolu nozokomialnich infekci
zavedeného v roce 2001 na neurointenzivni jednotce Neurocentra v Krajské nemocnici
Liberec.

Prvni habilitacni prace predstavuje nejrozsahlejsi ¢ast vyzkumu. Prospektivni
klinicka studie hodnotila u 3646 pacientti s primarnim onemocnénim mozku u¢innost
nastavené¢ho preventivniho multimodalniho protokolu, a to v dlouhém casovém
rozmezi od 2001 do 2010. Studie prokazala, ze takhle nastaveny preventivni program
vede k vyraznému poklesu incidence HAI, v naSem ptipadé€ se jednalo o snizeni z 9,1
% na 4,7 % pacientil. Soucasné vyzkum potvrdil velmi nizkou incidenci MDR bakterit,
ESBL mélo 1,9 % pacienti a MRSA 1,5 % pacientt. Tyto vysledky ukazuji, Ze aktivni
pfistup v nastaveni a udrzovani komplexniho preventivniho multimodalniho protokolu
ma zasadni vyznam na vyskyt HAI a MDR bakterii v neurointenzivni péci.

Dalsi tii habilitacni prace se zamétovaly na SSI u pacientli po operacich patete,
kteti méli pooperacni péci na NJ. Tyto prospektivni studie se zabyvaly patefi v celém
jejim rozsahu od kréni po lumbélni oblast. Prvni zpracovand studie se vénovala
planovanym operacim hrudni a bederni patete, pficemz bylo prokdzano, ze se jedna o
jednu z nejrizikovéjsich oblasti patefe z hlediska vyskytu SSI a Ze mezi signifikantni
prediktory jejich vzniku patii neinfek¢ni komplikace v operacni ran¢ a teplé rocni
obdobi. Soucasti prvni prace bylo i sledovani racionalizace profylaktické antibiotické
politiky, kvtli ¢emuz doslo jiz v letech 2006 az 2010 u velkého poctu pacientt (95,8

%) k realizaci podani antibiotika jen pfed a béhem opera¢niho vykonu. Navazujici
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vyzkumna prace hodnotila SSI po planovanych operacich kréni patefe. Vysledky této
prace potvrdily, ze se jedna z hlediska vyskytu SSI o nejméné rizikovou oblast (0,25
% pacientil), pficemz zadni operacni pfistup je rizikovéjsi nez piedni. Posledni oblast
vyzkumu byla zaméfena na transoralni operace kréni patefe. Z pohledu SSI se jedna o
operace s vysokym rizikem, které vyzaduji individualizovany perioperacni ptistup.
Ptinos této prace spociva v zjisténi, ze neinfekéni komplikace v operacni ran¢ nemusi
u transoralniho pfistupu vést k SSI a ze zadni operacni pfistup je rizikovéjsi 1
V porovnani s transordlnim piistupem. Divodem rozdéleni vyzkumu do tiech
samostatnych celki je rozdilné riziko vzniku SSI v jednotlivych Gsecich patete, a nasim
cilem bylo identifikovani nejrizikovéjsi oblasti. Vyzkum SSI po operacich patete
potvrdil, ze tyto komplikace maji vysoky stupenl preventability, ze k jejich eliminaci je
nezbytny aktivni pfistup preventivnich postupll a Ze nejvyssi prioritu zaujima kvalita
péce o operacni ranu. Cely vyzkum o SSI po operacich patete se stal v roce 2023
pilifem pro obhdjeni prestizniho evropského certifikdtu Centra excelence ve spinalni
chirurgii od evropské spolecnosti Spine Society of Europe v oblasti kontroly infekci.
Predkladana habilita¢ni prace prezentuje nas dlouhodoby vyzkum v oblasti
prevence HAI v neurointenzivni péci. Nase vysledky prokazaly, Ze se nasemu tymu
podafilo G¢inné nastavit a realizovat komplexni preventivni multimodalni program,
ktery byl postaveny na vSech zdasadnich principech, na hygienickych a
protiepidemickych opatfenich, na racionalni antibiotické politice, na vyskytu MDR
bakterii a na kontrole infekci. Nejvyssi pfinos nasi prace spociva v ziskani vysledkl
prokazujicich, ze HAI v neurointenzivni péci jsou preventabilini onemocnéni, kterym

1ze G¢inné predchazet.
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7. Commentary

The habilitation thesis titled Healthcare Associated Infections in Brain and Spine
Diseases is presented as a commentary on four publications which evaluated the
effectiveness of the Preventive Multimodal Nosocomial Infection Protocol
implemented in 2001 at the Neurointensive Care Unit of the Neurocentre at the
Regional Hospital Liberec.

The first habilitation thesis constitutes the most extensive part of the research. A
prospective clinical trial evaluated the efficacy of a set preventive multimodal protocol
in 3646 patients with primary brain disease, over a lengthy time span from 2001 to
2010. The study showed that this prevention programme led to a significant decrease
in the incidence of HAI, in our case from 9.1 % to 4.7 % of patients. At the same time,
the research confirmed a very low incidence of MDR bacteria, with 1.9 % of patients
having ESBL and 1.5 % of patients having MRSA. These results show that a proactive
approach in setting and maintaining a comprehensive preventive multimodal protocol
is of major importance for the incidence of HAI and MDR bacteria in neurointensive
care.

The remaining three habilitation papers focused on SSls in patients following spine
surgery who had postoperative care in the Neurointensive Care Unit. These prospective
studies covered the spine in its entirety from the cervical to the lumbar region. The first
of these studies looked at elective thoracic and lumbar spine surgery, and it was shown
that this is one of the riskiest areas of spine surgery in terms of SSIs, and that significant
predictors of SSls include non-infectious complications in the surgical wound and
warm seasons. Part of this first work included monitoring the rationalization of

prophylactic antibiotic policy, which already led to the implementation of antibiotic
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administration only before and during surgery in a large number of patients (95.8 %)
between 2006 and 2010. A follow-up study evaluated SSls after elective cervical spine
surgery. The results of this work confirmed that this is the lowest risk area in terms of
SSI incidence (0.25 % of patients), with the posterior surgical approach being riskier
than the anterior approach. The last area of research focused on transoral cervical spine
surgery. From an SSI perspective, these are high-risk operations that require an
individualized perioperative approach. The main contribution of this work is the
finding that non-infectious complications in the surgical wound may not lead to SSI in
the transoral approach and that the posterior surgical approach is also riskier compared
to the transoral approach. The reason for dividing the study into three separate units is
the different risk of SSI in different sections of the spine, and our aim was to identify
the area at highest risk. Research on SSls after spine surgery has confirmed that these
complications have a high degree of preventability, that a proactive approach of
preventive procedures is essential to eliminate them, and that the quality of surgical
wound care is of the highest priority. The entire SSI post-spine surgery research became
a pillar in defending the prestigious European Centre of Excellence in Spine Surgery
certification from the Spine Society of Europe in infection control in 2023.

The present habilitation thesis presents our long-term research in the field of
HAI prevention in neurointensive care. Our results demonstrate that our team was able
to effectively set up and implement a comprehensive multimodal prevention
programme based on all essential principles, hygiene and anti-epidemic measures, a
rational antibiotic policy, and MDR bacteria prevalence and infection control. The most
important achievement of our work is in obtaining results demonstrating that HAIs in

neurointensive care are preventable diseases that can be effectively prevented.
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