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The Relationship of Procalcitone Level with the Severity of COVID-19 Infection

Prokalsitonin Seviyesinin COVID-19 Enfeksiyonun Siddetiyle Iliskisi

Thsan Hakki Ciftci?

Imdat Kilbas’, Elmas Pinar Kahraman Kilbas?,

1. Sakarya Universitesi Tip Fakiiltesi, Tibbi Mikrobiyoloji Anabilim Dali, Sakarya, Tiirkiye. 2. Fenerbahge Universitesi,

Saglik Hizmetleri Meslek Yiiksekokulu, Tibbi Laboratuvar Teknikleri, Istanbul, Tiirkiye

ABSTRACT

Procalcitonin (PCT) level is often evaluated to distinguish bacterial and viral etiologies of lower respiratory tract
infections because this marker is undetectable in the absence of an inflammatory condition or bacterial infection.
During COVID-19 infection, it is controversial whether PCT is a reliable or useful test for diagnosing the dise-
ase in suspected and confirmed cases of COVID-19. The purpose of this review is to examine whether PCT is a
clinically useful test in COVID-19 cases.

OZET

Alt solunum yolu enfeksiyonlarimin bakteriyel ve viral etiyolojilerini ayirt etmek igin siklikla serum prokalsitonin
(PCT) diizeyi degerlendirilmesine ihtiyag duyulur. Ciinkii bu belirte¢ enflamatuar bir durum veya bakteriyel bir
enfeksiyon yoksa saptanamayacak kadar diisiik diizeydedir. COVID-19 enfeksiyonu swrasinda, PCT nin siipheli
ve dogrulanmis COVID-19 vakalarinda hastaligin tanisi i¢in giivenilir veya yararh bir test olup olmadigi tartig-
malidir: Bu derlemenin amaci, COVID-19 vakalarinda PCT 'nin klinik olarak yararl bir test olup olmadiginin

Keywords:
COVID-19
Prognosis
Procalcitonin
Inflammation

Anahtar Kelimeler:
COVID-19

Prognoz
Prokalsitonin
Enflamasyon

incelenmesidir:

GIRIS

Pandemi etkeni olan SARS-CoV-2 viriisii, 2019 Aralik ay1
sonlarina dogru agir solunum yolu hastalig: etkeni olarak
Cin’in Hubei eyaletinde ortaya ¢ikmis olup, Koronaviriis
2019 (COVID-19) olarak tanimlanmistir. SARS-CoV-2,
Siddetli akut solunum sendromu viriisii (SARS-CoV) ve
Orta Dogu solunum sendromu viriisleri (MERS-CoV) ile
ayn1 aileden gelen yeni tip bir RNA viriisiidiir. COVID-19,
Cin’in Wuhan sehrini kisa zamanda etkisi altina alarak
binlerce kisinin enfekte olmasma neden olmus ve g¢ok
sayida vakanm Oliimiiniin ardindan Italya’yla birlikte
diger Avrupa iilkeleri ve ABD’ye yayilmistir. Bir y1l1 agkin
bir siire gegmis olmasina ragmen halen artan yeni vaka
bildirimleri s6z konusudur (1,2). Bu yiizden COVID-19
ile diinya ¢apinda miicadele i¢in bu enfeksiyonun klinik
ve laboratuvar Dbelirte¢lerinin acilen tanimlanmasi
o6nem tagimaktadir. Bu belirtegler, risk siniflandirmasini
miimkiin kilacak, ciddi hastalik gelisim riski yiliksek olan
hastalarin belirlenmesi i¢in klinik uygulamalara rehberlik
edecek ve devam eden pandemide sinirli insan giicii
ve teknik kaynaklarin kullanimini optimize edecektir.
Ayrica, hastaligi siddetli ve hafif geciren vakalar1 ayirt
edebilen laboratuvar parametrelerinin belirlenmesi, klinik
uygulamalarin gelistirilmesi ile durumsal farkindaliga
katki saglayacaktir.

Son zamanlarda, yiiksek prokalsitonin (PCT) diizeyleri
ile COVID-19 prognozu arasinda iligki olabilecegine dair
bildirimler yapilmistir (3). Bu derleme yazinin amaci,

Correspondence: Pinar Kahraman Kilbas. Atatiirk, Metropol Istanbul, Atasehir Blv., 34758 Atasehir/Istanbul.
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Cite as: Kilbas I, Kahraman Kilbas EP, Ciftci IH. The Relationship of Procalcitone Level with the Severity of COVID-19

Infection. Phnx Med J. 2021;3(3):97-100.
Received: 18.03.2021 Accepted: 27.06.2021

97

COVID-19 vakalarinda yapilan PCT ¢aligmalariin
kisa bir &zetini sunmak ve COVID-19 prognozunun
belirlenmesinde PCT’nin avantaj ve dezavantajlarini
tartigarak konunun 6nemine dikkat ¢gekmektir.
COVID-19 prognozu ve prokalsitonin

Bir glikoprotein olan PCT, hormonal aktiviteden yoksun
kalsitoninin pro-peptididir. Normal kosullar altinda tiroid
bezinin C hiicrelerinde iretilir. Saglikli insanlarda PCT
seviyeleri dlgiilemeyecek kadar diisiik diizeydedir (<0.1
ng/mL). PCT seviyeleri bakteriyel enfeksiyonlarla artar
ve viral enfeksiyonlarla nispeten diisiiktiir, bu nedenle
bakteriyel ve viral enfeksiyonlar1 ayirt etmek igin
kullanilabilmektedir (4). Sistemik belirtileri olan siddetli
bakteriyel, parazitik ve fungal enfeksiyonlar sirasinda PCT
seviyeleri 100 ng/mL’nin iizerine ¢ikabilmektedir (5). Son
zamanlarda, pek ¢ok ¢alisma, PCT nin COVID-19 siddeti
ile pozitif olarak iligkili oldugunu bildirmistir (Tablo 1)
(3). COVID-19 vakalarinda yiiksek PCT seviyesinin en
makul agiklamasinin bakteriyel koenfeksiyon olabilecegi
bildirilmektedir (4).

Liu ve ark. tarafindan 140 COVID-19 vakasinin
degerlendirildigi calismada, hastaligi agir seyreden 33
vakanin 28’inde PCT seviyesinin 0-0.5ng/mL arasinda
oldugunu, 8 vakanin PCT seviyesinin >0.5ng/mL oldugunu
ve PCT seviyesi yiiksek olan bu vakalarm hepsinin
yogun bakimda oldugunu bildirmiglerdir (6). Xu ve ark.
tarafindan 68 COVID-19 vakasinin degerlendirildigi
calismada, kritik ve siddetli klinik seyri olanlarin, orta
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Tablo 1: Literatiirde COVID-19 prognozu ve PCT seviyelerini karsilastiran ¢aligmalar.

Yazar Hasta sayis1 Prognozu agir COVID-19’lu Prognozu hafif COVID-19’lu
(n) hastalarin ortalama PCT degerleri hastalarin ortalama PCT degerleri
Liu ve ark. (6) 140 0-0.5 ng/mL (n=28) -
>0.5 ng/mL (n=8)
Xu ve ark. (7) 68 0.74 ng/mL -
Krause ve ark. (8) 93 >0.5 ng/mL <0.1 ng/mL
Heesom ve ark. (9) 52 >0,5 ng/ml (n=27) <0.5 ng/ml (n=25)
Zhou ve ark. (10) 191 >0.1 ng/mL (n=77) <0.1 ng/mL (n=114)
Zhang ve ark. (11) 221 >0.17 ng/mL (n=21) -
Hu ve ark. (12) 95 0.33£0.15 (n=33) 0.05%0.05 ng/mL (n=62)
Qian ve ark. (13) 91 >0.04 ng/mL (n=14) <0.04 ng/mL (n=77)

siddettekilere kiyasla yiiksek PCT seviyelerine (0.74ng/
mL) sahip olduklari; yiikksek PCT seviyesine sahip olan
vakalarin hastalig1 daha siddetli ge¢irdigi ve PCT seviyesi
yiiksek olan vakalarin biyik c¢ogunlugunun yaslilar
oldugu bildirilmistir (7).

Krause ve ark. 93 COVID-19 vakasi degerlendirdikleri
calismada, PCT diizeyi >0.1ng/mL olan vakalarin (17
giin), <0.1ng/mL olan vakalara (10 giin) gére Onemli
Olgiide daha uzun ventilasyon siiresi gerektirdigi ve
PCT seviyesi >0.5ng/mL olan vakalarin hepsinin entiibe
oldugunu bildirmistir (8). Heesom ve arkadaglarinin 52
COVID-19 vakasimi degerlendirdikleri galismalarinda,
25 vakanin diisiik PCT seviyesine (<0.5ng/ml) 27’sinin
ise yiikksek PCT seviyesine (>0,5ng/ml) sahip oldugunu;
disik PCT grubuyla karsilastirildiginda yiiksek PCT
grubunda ventilasyon gereksiniminin daha fazla oldugu
ve diisiik PCT seviyesine kiyasla yiiksek PCT seviyesine
sahip olan vakalar arasinda daha fazla 6lim gergeklestigi
bildirilmistir (9).

Zhou ve ark. tarafindan yapilan 191 olguluk calismada
PCT seviyesi <0.lng/mL olan 114 vaka oldugu ve
bunlarmn 19’unun 6ldiigini, PCT seviyesi >0.1ng/mL
olan 77 vaka oldugu ve bunlardan da 33’{inlin 61diglini;
PCT seviyesinin hastaligin siddetiyle iliskili oldugunu
ve PCT seviyesi yiiksek olan vakalarin hastanede kalig
stiresinin daha uzun oldugu ifade edilmistir (10). Zhang ve
arkadaslarinin 221 COVID-19 vakasini degerlendirdikleri
calismada PCT seviyesi >0.17ng/mL olan 23 vakanin
yogun bakimda yattigini ve PCT seviyesi >1ng/mL olan
9 vakanin Olimiiniin gergeklestigini ve geriye kalan
vakalarin PCT seviyelerinin ise daha diisiik oldugunu;
yiiksek PCT seviyesinin daha kotii prognoz gosterdigi
ve yiikksek PCT seviyesinin hastaligin siddeti ile iliskili
oldugu belirtilmistir (11).

Hu ve arkadaglarinin orta siddetli, siddetli ve ¢ok siddetli
olarak gruplandirdiklart 95 COVID-19 vakasi igin
yaptiklar1 degerlendirmede; 62 orta siddetli vakanin PCT
seviyesinin ortalama 0.05+0.05ng/mL, 21 siddetli vakanin
PCT seviyesinin ortalama 0.234+0.26ng/mL, 12 ¢ok
siddetli vakanin PCT seviyesinin ortalama 0.44+0.55ng/
mL oldugunu; siddetli grupta 6 vakanmn 6ldigi ve dlen
vakalarda hastalik kotiilestikge PCT seviyelerinin siirekli
arttigl; taburcu edilen 32 vakanin, iyilesme siirecinde
serum PCT diizeylerinin diistiiglinii ve hastaneye yatistan
takip eden 3. giin ile hastaneden taburcu olmadan 6nceki
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7. giin PCT diizeyleri arasinda anlamli bir fark oldugu
ifade edilmistir (12).

Qian ve ark. 91 COVID-19 vakasini degerlendirdigi
calismada vakalarin 77’sinin PCT seviyesini <0.04ng/
mL saptarken 14’niin PCT seviyesini >0.04ng/mL daha
yiiksek saptanmis ve PCT seviyesi yiiksek olan vakalarin
hastalig1 daha siddetli gegirdigini agiklamislardir (13). Gao
ve arkadaglarinin 43 COVID-19 vakasimi degerlendirdigi
calismada hastalig1 siddetli gegirenlerin PCT seviyesinin
ortalama 0.04ng/mL, hastaligi hafif atlatanlarin PCT
seviyesinin ortalama 0.02ng/mL olarak saptandigimni ve
PCT seviyesinin hastalifin siddetiyle iliskili oldugunu
ifade etmislerdir (14).

Ze-Ming Liu ve arkadaglarmin 1525 COVID-19
vakasmi degerlendirdigi ¢alismada, hastalig1i siddetli
gecirenlerin stabil gegirenlere kiyasla daha yiiksek PCT
seviyesine sahip oldugunu ve yiikksek PCT seviyesi
olanlarin normal PCT seviyesine sahip olanlar gére daha
yiiksek mortalite oranina sahip olduklarimi, dolayisiyla
yiiksek PCT seviyesinin hastaligin siddeti ile iliskili
olabilecegini bildirmislerdir (15). Liu ve arkadaslarinin
78 COVID-19 vakasmi degerlendirdigi c¢aligmada
hastalig siddetli gegiren ve prognozu koétiilesen vakalarin
PCT seviyesinin 0.12ng/mL, hastalii normal gegiren
vakalarin PCT seviyesinin 0.06ng/mL oldugunu; yiikselen
PCT seviyelerinin hastaligin siddetiyle iligkili oldugunu;
vakalarda herhangi bir bakteriyel koenfeksiyonun
olmadigini agiklamiglardir (16).

Cravedi ve ark. 144 COVID-19 vakasini degerlendirdigi
calismada hastaligi siddetli gegirip 6len vakalarin
ortalama PCT seviyelerinin 0.61ng/mL, hastaligi hafif
semptomlarla atlatan vakalarin PCT seviyelerini ortalama
0.20ng/mL saptamis; PCT diizeyi yiiksekliginin hastaligin
siddeti ve fataliteyle iliskili oldugunu belirtmislerdir
(17). Cheng ve arkadaslarinin 701 COVID-19 vakasini
degerlendirdigi ¢aligmada, ortalama PCT seviyelerinin
>0.5ng/mL olarak saptandigini ve PCT seviyesinin
hastaligin siddetiyle iligkili oldugunu bildirmislerdir (18).
Lo ve arkadaslarmin 10 COVID-19 vakasmi
degerlendirdigi ¢alismada ise hastaligi siddetli gegirenlerle
stabil gecirenlerin PCT seviyeleri arasinda fark olmadigini
dolayisiyla PCT seviyelerinin hastaligin siddetiyle iliskili
olmadigini ifade etmislerdir (19).

Ou ve ark. tarafindan yapilan ve 40 calismanin dahil
edildigi bir meta-analizde hastalifin agir seyrettigi
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vakalarda PCT seviyesinin Onemli derece arttig1
bildirilmistir. Calismada PCT seviyelerinin COVID-19
siddeti ile iliskili oldugunu ve bu nedenle hastaligin
erken teshisi i¢cin PCT seviyelerinin kullanilabilecegini
bildirmislerdir (20). Yine agir ve hafif COVID-19
vakalarinda laboratuvar parametrelerini degerlendiren
bir bagka meta-analiz g¢alismasinda agir vakalarda PCT
seviyesinin yiiksek oldugu ve COVID-19 hastaligimin
siddetiyle iliskili oldugu vurgulanmaktadir (21). Li ve
ark. COVID-19 vakalarinda laboratuvar parametrelerini
kargilagtiran 12 ¢alismanin dahil edildigi bir bagka meta-
analiz ¢alimasinda hastaligi agir seyreden vakalarin
PCT seviyelerinin hastaligi normal seyreden vakalara
kiyasla daha yiiksek oldugunu; PCT seviyesinin hastaligin
siddetiyle iliskili oldugu bildirmistir (22). Benzer sekilde
Huang ve ark. 16 ¢alismay1 irdeledikleri bir meta-analiz
calismasinda artmig PCT seviyesinin, hastalik siddeti
ve Olimle iligkili oldugunu bildirmiglerdir (3). Baska
bir meta-analiz ¢alismasinin sonuglarina goére de PCT
seviyelerinde 5 kat artisin siddetli COVID-19 riski ile
iliskili oldugu ortaya konmustur (4).

Elshazli ve ark. tarafindan yapilan ve siddetli ve hafif
COVID-19 vakalarinin laboratuvar parametrelerinin
karsilagtirildigt bir ¢alismaya 52 makale ve 6320 vaka
dahil edilmis; hastalig1 siddetli gegiren vakalarin PCT
seviyesinin hafif geciren vakalarla kiyasladiginda daha
yiiksek oldugu; PCT seviyesinin hastaligin morbiditesi
ve mortalitesiyle iliskili oldugu {izerinde durulmustur

(23). Benzer sekilde literatiirde bulunan ve COVID-19
enfeksiyonlarinda laboratuvar parametrelerini
kargilagtiran ¢esitli meta-analiz ¢alismalarinda da PCT
seviyesinin hastaligin siddeti ve mortalitesi ile iligki
oldugu bildirilmistir (4,24,25).

Siddetli COVID-19 vakalar1 i¢in PCT seviyesindeki
degisiklikler halen belirsizligini korumaktadir, zira
literatlire yansiyan veriler bir konsensusa ulasmamis;
calismalarin bir kisminda yiiksek PCT seviyeleri hastalik
siddeti ve o6liimle iligkilendirilirken, bir kisim ¢aligmada
ise PCT seviyesinin hastalik siddeti ve mortalite ile
iligkili olmadigini bildirilmistir. Agir vakalarda seyreden
yiiksek PCT seviyeleri, eslik eden sekonder bakteriyel
enfeksiyonlarin bir belirteci olabilecegi akilda tutularak
yorumlanmalidir.

SONUC

Bu calisma ile PCT diizeyinin hastalik siddetinin bir
gostergesi  olabilecegi ve COVID-19’lu hastalarin
tanisina katkida bulunabilecegi goriilmiistiir. Ek olarak,
seri PCT ol¢iimlerinin prognozu tahmin etmede faydal
olabilecegi degerlendirilmistir. Ancak, SARS-CoV-2 ile
enfekte hastalarda PCT sentezinin ve saliniminin artis
mekanizmalarinin aydinlatilmasi igin bakterilerin de dahil
oldugu flora degisimleri, kolonizasyon faktorleri ve eslik
etmesi muhtemel enfeksiyonlarin ayrintili olarak ortaya
konulmasi1 amaciyla yapilacak ek arastirmalara ihtiyag
bulunmaktadir.

Cikar Catismasi: Yazarlar cikar ¢atismasi olmadigimi beyan eder.
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Sinirbilim Aragtirmalarinda Caenorhabditis Elegans

Neslihan Demirci, Recep Ustunsoy,

Bahgesehir Universitesi, Tip Fakiiltesi, Biyofizik Anabilim Daly, Istanbul, Tiirkiye.

ABSTRACT

Neuroscience tries to understand the structure and functions of the human brain, which is made up of millions of
neurons and billions of synapses. It is not possible to create and examine a model for such an advanced system
in a laboratory environment. For more than two decades, Caernohabditis elegans (C. elegans) has come to the
fore as a useful model for understanding the behavior of neural networks, due to its characteristics similar to
the human nervous system and its easily observable structure. The created models facilitate quantitative analysis
of behavior and neural activities and understanding the functioning of neural networks. Thus, research can be
done at both the cell and the organism level. Since the purpose of neuroscience studies is to understand how
the information transmitted from sensory neurons under the influence turns into an output response by motor
neurons and to understand the role of the effect in making these responses a repetitive, consistent behavior; C.
elegans, which has the advantage of being the first animal whose genome has been completely sequenced, is easy
to observe with different techniques, and sheds light on the mammalian neural-behavioral pattern, has been used
quite efficiently in these studies. In these researches, it is thought that there has been an increase after the 2000s,
depending on the developments related to the medium and characterization. Research in this area has increased
exponentially from the early 2000s until 2021. When neuroscience studies with C. elegans were examined by
country, it was seen that countries such as America and Germany were the leading ones. While 67 of the 245
publications made in SCI-Expanded journals on this subject were neuroscience researches, 40 of them were made
by researchers working in multidisciplinary fields. In this study, the general characteristics of C. elegans and
its place in neuroscience research will be mentioned and the distribution of these studies by years and countries
will be evaluated.

OZET

Sinirbilim, milyonlarca néron ve milyarlarca sinapstan olusan insan beyninin yapi ve fonksiyonlarini anlamaya
calisir. Laboratuvar ortanminda boylesine gelismis bir sistem i¢in model olusturmak ve incelemek miimkiin
degildir. Yirmi yili askin siiredir, insan sinir sistemine benzer ozellikleri ve kolay incelenebilir yapisi nedeniyle
Caernohabditis elegans (C. elegans), noral aglarin davramgimi anlamak i¢in faydali bir model olarak done
ctkmaktadwr.  Olusturulan modeller, davranis ve nédral aktivitelerin nicel analizlerinin yapimasni, sinir
aglarimin igleyisinin anlagiimasinm kolaylastirir. Boylece hem hiicre hem de organizma diizeyinde aragtirmalar
yapilabilmektedir. Sinirbilim ¢alismalarimin amaci, etki sonrast duyu noronlarindan aktarilan bilginin, motor
noronlar tarafindan nasil bir tepkiye doniistiigiinii anlamak; bu tepkilerin tekrarl, tutarli bir davramg haline
gelmesinde etkinin roliinii kavramakti. Genomu haritalandirilmig ilk hayvan olma avantajina sahip, farki
tekniklerle gozlenmesi miimkiin ve kolay olan, memeli néral-davramgsal orgiiye isik tutan C. elegans bu
arastirmalarda olduk¢a verimli kullaniimaktadir. Bu arastirmalarda 2000°li yillarin sonrasinda, besi yeri ve
karakterizasyona bagh gelismelere de bagh olarak artis yasandigi diisiiniilmektedir. Bu alandaki aragtirmalar
2000’li yularin basindan, 2021’e kadar katlanarak artmistiv. C. elegans ile yapilan sinirbilim aragtirmalar
tilkelere gore incelendiginde, basi Amerika ve Almanya gibi iilkelerin ¢ektigi goriilmiistii. Bu konuda SCI-
Expanded dergilerde yapilan 245 yaywun 67 Sini sinirbilim arastirmacilart olustururken, 40 i multidisipliner
alanlarda ¢alisan arastrmacilar gergeklestirmistin. Bu ¢alismada, C. elegans’in genel ozelliklerine ve
sinirbilim arastirmalarindaki yerine deginilecek ve bu arastrmalarin yillara ve iilkelere gore dagilimlar
degerlendirilecektir.
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Sinir bilim arastirmalari, 1980’lerin ortalarindan itibaren
agirlikli olarak Drosophila, C. elegans, zebra baligi
ve farelerle gerceklestirilmektedir. Genetik yapisi
bilinen bu tiirler, sinirbilim arastirmalarma biiyiik katki
saglamiglardir (1).

C. elegans diinyada en ¢ok bulunan omurgasiz hayvanlar
olan yuvarlak solucan tiiriine dahildir. Mutantlarinda
daha uzun olabilmekle beraber, 3 haftalik yasam omrii
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ile, en kisa yagayan temel hayvan modelidir (2). Ayrica
959 somatik hiicreden olusan, ¢ogunlugu hermafrodit,
hem sperm hem de yumurta iiretebilen nematodlardir.
Basit yapisina ragmen yumurtlama, siiriinme, eseysel
diirtiilme gibi davranislari sahip oldugu 95 viicut duvari
kasmin aktif etkinligi sonucu gerceklesmektedir. Erkek
bireylerde 385’1 bulan, hermafroditlerde ise 302 adet sinir
hiicresinden 20’si yutakta yer almaktadir ve bunlardan 3
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Sekil 1: Biiyiikliiklerine gore vahsi tip, C. elegans’in larva
2,3, 4 safthasinda ve geng yetigkin hermafrodit bireylerinin
goriiniimii

Sekil 2: Vahsi tip C. elegans’n biikiilme, siiriinme ve ileri
hareketi

tanesi diger noronlarla sinaps yapmaktadir ve hermafrodit
bireyin sinir diyagraminda 302 noéron,132 kas ve 26 kas
bitimi olmayan organ olmak lizere 460 diigiim, erkek
bireylerde ise 385 noron, 155 kas ve 39 kas bitimi olmayan
organ olmak tizere 579 diigiim vardir (3).

Larva-1’den larva-4’e ve geng yetiskinlik agamasina kadar
(Sekil 1) sinirsistemini, gonad ve ireme sistemini, kaslarive
epidermisi olusturmak i¢in 53 hiicre boliiniir ve farklilagir
(4). Hermafrodit ve erkek bireylerde bu farklilasmalarin
sonucu olarak cinsiyetle beraber bazi ndronal 6zellikler
de eklenmekte, ¢ikarilmakta, gorevi degismekte ve farkli
davranigsal Ozellikler goze ¢arpmaktadir. Sogukkanli
yapisi sayesinde, ayar noktasi sicakligini uyum saglamasi
gereken ortama gore degistirerek hem yasam ve lireme
sansini  arttirmakta; hem de genetik bazli, ndronal
yapilandirmali  davranig  birlikteliginin ~ drneklerini
olusturmaktadir. Memeli glia hiicrelerine benzer, ndéron
yardimcist glia hiicrelerine sahip olmalart da memeli
sinir sistemindeki bilinmeyen noktalar1 kavramakta
yardimer olmaktadir. Ayrica postsinaptik noéronlarda
bulunan dendritik dal benzeri yapilarin agia ¢ikarilmasi
da bu benzerlik hipotezlerinin gii¢ kazanmasina sebep
olmustur. Ekolojistleri, ndrobilimcileri, biyologlari, hatta
evrim bilimcileri bir araya getirerek, yeni diigiincelerin ve
aragtirmalarin dogmasina olanak saglamistir (5-6).
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C. elegans’m postiiral hareketlerini  gergeklestiren
kaslarin, iki siras1 karin alti, diger iki sirast sirt alti olmak
iizere toplam dort boylamsal siradan olusur. Bitisik kas
hiicreleri birbirlerine bosluk kavsaklar1 ile elektriksel
olarak baglanmislardir. Bu viicut hiicreleriyle 154 ndron,
néromiiskiiler baglanti kurmustur. Bu néronlardan 108
tanesinin, bes simifi (URA, RME, RMD, RIV ve RMH)
bas motor néronlarinin karmn kaslariyla baglanmasina, 7
smift (VA, DA, VB, DB, VD, DD ve AS) ventral kord
motor ndronlarinin viicudun diger kaslarina baglanmasina
ve 5 sinifi her kas dortliisiiniin yanindan lateral yollardan
ilerleyen sublateral motor néronlaria (SAB, SMD, SMB,
SIB ve SIA) sahip olmasina gore {i¢ alt gruba ayrilabilir
(3). DB/VB néronlar karm/sirt kaslarini uyarirken, VD/
DD néronlart karsit sirt/karin kaslarini inhibe eder (5).
Solucanin postiirii, i¢ gruba ayrilan motor néronlarinin
toplam etkilerinin sonucu olarak diisiiniilebilir. Motor
noronlarla solucan hareketlerini, sekilleri dogrultusunda
dort gruba ayirmak miimkiindiir. ileri ve geri karin
kordal motor noronlarina karsilik gelen siniizoidallar
ilk ikisini olusturuken, sublateral motor ndronlarina
karsilik gelen genel viicut kivrimini yaratan ii¢iincii ve
bas egilimini saglayan bas motor ndronlarma karsilik
gelen dordiinciidiir. Yapilan siniflandirmaya dayanarak, ag
iletisiminin disavurumu olarak algilayabilecegimiz motor
hareketler, bu hareketlerin yapisal karakteristiklerini de
ortaya ¢ikarmaktadir (3).

Solucanlar belirli bir dogrultuda devamli olarak
ylizmez ya da siiriinmezler, bunun yerine periyodik
ileri hareket, geri hareket ve keskin doniisler sergilerler.
Yizme yiiksek frekans, genlik ve dalga boyundaki
dalgalanmalari; siiriinme diisiik frekans, genlik ve dalga
boyundaki dalgalanmalari temsil eder (Sekil 2). Hidden
Markov Modeli yiizen solucanin hareketini iki kosu, bir
doniis ve arada iki kosu arasinda sakli gecis seklinde
tanimlayabilecegimizi gosterir. Bu kosuslar cevresel
faktorlere gore degisiklik gostermektedir. Eger uyaranlar
pozitif yonde artiyorsa solucan kosuyu uzatmakta, negatif
uyaran seviyesi artiyorsa donerek kosuyu kisaltmaktadir.
Ortamdaki hareketlerinin sayist ve uzunlugu hem ortam
kosullarina hem de bireyin kendi kosullarina baglh
olarak degismektedir. Bu durum solucanin yon bulma
hareketlerinin uyarana verilen davranigsal cevaplarla ic ice
ve esnek, yeniden yapilandirilabilen, uyum saglayabilen
yapida olmasini saglamakta ve noronlarin deneyime
dayali plastisitesini ortaya ¢ikarmaktadir (5, 7-9).

C. elegans’in giftlesme, besin arayisi, avina yonelme
yahut avindan kagma gibi diirtiisel davranislarini ortaya
koyabilmek adina edindigi hareketler, sirt-karin yoniinde
ilerleyen, hareket ettigi ortamin Ozelliklerine bagh
degisen dalga yayilimi sayesinde gergeklesmektedir. Bu
hareketin modellenmesinde iki farkli yol izlenmektedir.
Birincisi bagtaki merkezi sinir yolundan {iretilenleri temel
alirken, digeri duyu noéronlarindan iretilen ritmik geri-
bildirim mekanizmasin temel alir (10). Niebur ve Erdds
ilk noral karsilastirmali biyomekanik hareket modelini
gelistirmislerdir (11). Bu model ayrica solucanin one
dogru hareketini “néro-mekanikle birlestirilmis™ olarak
tanimlamas1 bakimindan da ilktir (12). Gelistirilen
biyomekanik modellerden biri de gevsek baglanmis
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yuvarlak pargaciklarin normalde olandan daha fazla
giice ve torka maruz kaldig1 ortamda bulunan, lokomotif
davranist doniisleriyle beraber, duyu ve davranig
faktorlerini hesaba katmadan vurgulayan modeldir (13).
Portegys sinir haritasinin salinim yollarin1 arastirmaya
yonelik bir evrimsel algoritma kullanmistir (14).
Kunert ve arkadaglari, salinimlarin bazi motor néronlar
uyarildiginda gerceklestigini gdsteren ndral ag modelini
sunmuslardir (15).

Son yillarda, C. elegans igin farkli ideal gevre kosullart
ve yaklasimlar olusturularak yapilan calismalar ortaya
cikmistir.  Ornegin, Deng ve arkadaslarinin (16)
biyomekanik modelinde, sinir sisteminin hareketin
onciili olmasimi ndro-anatomik bir temele baglayan ve
bastan bagslayip viicut boyunca ilerleyen ritmik hareketi
aciklamaya calisan bir yaklagim s6z konusudur. Ancak
bu yaklasim, yiiksek oranda ideallestirilen ve hesaba
katilmayan g¢evresel faktorler nedeniyle, sadece kinetik
yaptya yoneliktir. Gergek c¢evre kosullarina yonelik
calismalardan biri de Boyle ve arkadaslari tarafindan
proprioseptif geri bildirimleri baglangic noktasi segen
modeldir (17). Su ana kadar verilen 6rnekler gibi bir¢cok
model gelistirilse de bu modeller yeniden yapilandirilan
noral aga entegre edilememistir Bu hareketlerin
gerceklesme bicimi  ve bir ama¢ dogrultusunda
kullanilmasin1 vurgulamak i¢in solucanin yo6nelimleri
¢ok sayida aragtirma grubu tarafindan arastirilmistir.
Solucanlar besin bulmak, ¢iftlesmek ve yerlesim yeri
bulmak i¢in, duyu ndronlarini kullanarak bir¢ok yonelim
gerceklestirmektedir. Duyu ndronlarinin  gesitliligine
gore kimyasal uyaranlara baglh klinokinezi ve klinotaksis
olarak iki yayilim stratejisi iistinde durulmaktadir (18).
Iki stratejinin paralel gergeklestigini gdstermeye ¢alisan
aragtirmalar vardir (19). Klinotaksis agar {izerinde
rastgele ilerleme, ileri slirlinme ya da keskin doniisleri
icermektedir. Bir yonde ilerlerken artan ya da azalan
aktivite motor noronlar tarafindan diizenlenir. Klinokinezi
ritmik kafa salimimi ile kademeli doniisleri igerir ve
duyusal noéronlar tarafindan kontrol edilir (10,20). C.
elegans’n hareketlerini belirleyen ¢agrisimsal dgrenme
ve hafiza yetenekleri vardir. Birbirleriyle giftlesme, sosyal
yiyecek arama ve popiilasyon yogunlugu algilama gibi
ndron aracili davraniglara katilarak, ortam kosullarindaki
degisikliklere gore farkli toplanma davranislar1 ortaya
¢ikarirlar.

Drosophila melanogaster ve Rattus novegicus gibi
C.elegans da sinir sisteminde degisen g¢evre sicakligi
kosullarina karsi, 1s1l dengeyi saglamaya yonelik bir
termoregiilasyon = mekanizmas1  gelistirmisticr  (17).
Sogukkanli yapisi sayesinde, ayar noktasi sicakligini
uyum saglamasi gereken ortama gore degistirerek hem
yasam ve ilireme sansini arttirmakta; hem de genetik
bazli, ndronal yapilandirmali davramis birlikteliginin
orneklerini olusturmaktadir. Bilgiyi yorumlama kapasitesi
ister bilingli ister bilingsiz olsun, hayatta kalma ve {ireme
sansini arttirmaktadir. Adaptasyon ve dogal secilim
hakkinda da bizi diistinmeye sevk eden bu durum, evrimin
dogasin1 yorumlamanin baska bir secenegi olarak da
goriilebilir. Farkli ¢evresel deneyimlere maruz kalan
genopitin fenotipte varyasyonlara yol agmasi fenotip
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plastisitedir (18) ve termoregiilasyon davranislariyla
yakindan ilgilidir. Solucanin kemotaksi davraniginin besin
miktarimin bulundugu yone dogru gelisir ve besin miktar1
arttik¢a hareket miktar1 da artar. Faktorlere bagl fenotipe
yansiyan degisiklikler fenotipin plastisite yetenegini,
esnekligini ve evrilebilirligini vurgulamaktadir (19).

C. elegans sicaklik degisimini basit bir yontemle, ¢cevresel
sinir sistemindeki AFD noronlar1 ve ALY, AIZ ve RIA ara
ndronlarinin sicaklik degisimini algilayip ara ndronlarla
sinaps yapmas1 ile algilar ve davranis olustururur
(17,20,21). Solucanlarin sicaklik degisimlerinde gore bir
bdlgeden diger bir bdlgeye gogli thermotaksidir. Yiiksek
sicakliktaki bolgeye gegcisi “kriyofilik™, diisiik sicakliktaki
bolgeye gecisi “termofilik” olarak adlandirilir (20) ve
viicutlart her an dis ortam ile sicakligi esitleyebilir,
ektotermiktirler. Mikroklimadaki degisikliklerle sicaklik
dengelerini tekrar saglayabilirler. Dolayisiyla dénme
ve izleme gibi kiigiik hareketler istenilen sicakliktaki
mikroklimaya yonelmek i¢in yeterlidir (20). Her canli
gibi solucanlarin da tercih edilen bir sicak noktasi (ayar
noktasi, Ts) vardir. Termotaksi sirasinda Ts ‘nin {istiinde
olan sicakliklarda (negatif termotaksi) sicaklik egilimiyle
ayn1 yonde go¢ ederlerken Ts’nin altindaki sicakliklarda
(pozitif termotaksi) sicaklik egilimin tersine go¢ ederler
(21). Termal gradyen biitini i¢inde uygun kiiltiir
sicakligina yakin noktaya yonelirler (22). Ektotermik
canlilar ayar sicakligini sahip olduklar1 enerji seviyesine
gore belirlemektedir ¢iinkii biiyiime ve sindirim hayvanin
sicaklik diizeyine baglidir.

Ortamda besin bulunuyorken besin bulunmayan ortama
gore tercih edilen sicaklik daha yiiksektir. Ortamda
besin yokken yasadigi biiyiime kaybini azaltmak igin
daha disiik sicakliklar1 tercih etmektedir. Bu yiizden
beslendikten sonra sicakligini ytikseltip, acken sicakligini
diislirmektedir. Ayrica beslenme miktar1 arttikga ayar
sicakligi da degismektedir. Bagirsakta bulunan duyu
ndronlarindan gelen bilgi islenerek, bu diizenlemeye
yardim etmektedir. Dehidrasyon da ektotermlerin
sicaklik ayar noktasini etkilemektedir. Ayar sicakliklarini
diislirerek buharlasmayla kaybedilen siviyr azaltirlar.
Isil dengeyi etkileyen bir diger etken ise oksijen
miktaridir. Hayvanlarin viicut sicakliklar1 yiikseldikge
aerobik solunum igin gerekli olan oksijen miktar1 da
artmaktadir. Yiksek sicakliklarda oksijen smirlayici
etken oldugundan hipoksi durumunda ayar sicakliklarini
diislirerek Onlem alirlar (17,23,24).  Dolayisiyla C.
elegans’ termoregiilatdr davraniglar1 ¢evre sicakligina
gore degismektektedir. Termoregiilasyon sonucu beliren
farkli zaman dilimlerinde gergeklesen iki noral plastisite
gozlemlenmektedir. Ilk &nce gerceklesen AFD’ nin
duyu adaptasyonu dakikalar i¢inde gergeklesirken, duyu
noronlarinin ara ndronlarla iletisim kurabilmeleri igin
gereken ayar sicakligina ulagilmasi (presinaptik plastisite)
saatleri bulmaktadir (25). Bu sekilde AFD néronlarina
yakin zamandaki deneyimi saklama sansi verilmekte ve
gradyende ilerleyen hareketleri siiresince bu deneyimleri
yeni siiregle kiyaslama imkan1 yaratmaktadir (17). AFD
ndronlarinin plastisitesi kinaz proteinleri (PKC-1, CMK-
1 CaM-kinaz) ve DGK-3’e dayanmaktadir. PKC-1 AFD
ve AIY interndronu arasindaki sinaptik bosluga yayilan
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maddelerin ekzositozunu diizenlemektedir (25). CMK-
1 gen transkripsiyonunu diizenlemekte ve plastisite
doneminde islevini azaltmaktadir (26). DGK-3, AFD
ve ALY ndronlar arasindaki sinaptik aktivite i¢in gerekli
olan sicakligr etkileyen ikinci ulak diasilgliseroliin
konsantrasyonunu azaltmaktadir (27). DGK-3 mutasyonu
solucanin ayar noktasi sicakligini degistirmesine engel
oldugundan DGK-3 i¢in cDNA firetilir (27). Bu durum
hem madde diizeyinde hem de hiicreler arasi1 gerceklesen
plastisiteye bir 6rnek teskil etmektedir. Ayrica solucanlar
bu yeteneklerini korumak ic¢in arka planda da farkli
yollar belirlemislerdir. Termoregiilasyon kabiliyetinin ve
gerceklesmesi icin gereken noral devrelerin korunmasina
yonelik kendi iginde de ayr1 bir adaptasyon saglamistir.
Sinir sisteminin termoregiilasyon davranisiyla i¢ ige
olmasi, ndronal adaptasyonun sonucu degil bir kosulu
olduguna yonelik bir alg1 olusturmaktadir.

C. elegans’ta seks kromozomlar tarafindan belirlenir. XX
kromozom yapisina sahip embriyolar hermafrodit bireye,
X0 kromozom yapisina sahip olanlar ise erkek bireye
dontigmektedirler. Termoregiilasyon gerceklesemeyecek
kadar 1s1l denge bozuldugunda hermafrodit bireyler
X kromozomlarindan birini kaybederek, erkek bireye
dontigmektedirler (28). Bu kromozomal belirleyicilik
genetigin  bir yansimasi olmasma, karsit X-sinyal
elementleri (XSEs, X bagli genler) ve otozomal-sinyal
elementlerinin (ASEs, otozomal bagli genler) oraninin,
X: A, genler iizerindeki islevliligine yorumlanir ve her
bir element xol-1 geni (letal X0) araciligiyla kromozom
dozlar1 iistiinde belirleyici rol oynar (29). XSEs represorii
ve ASEs aktivatorii arasindaki ¢atigmanin kazanani seks
fenotipini de belirler (30). Bu savas xol-1 represyonu ile
sonuglanmigsa solucan XX kromozom yapisina sahip, yani
hermafrodit; eger xol-1 aktivasyonu ile sonuglanmigsa
X0 kromozom dizilime sahip erkek bir birey olacaktir.
Diger bir deyisle xol-1 geni sadece eril bireylerde aktif
durumdadir. Aktive edilen xol-1 geni hermafrodit
bireylerde Gli-familyasindan TRA-1A transkripsiyon
faktoriinii kodlayan somatik seks belirleyicisi tra-1 geninin
diizenlenmesini saglar (31). Gelisen XX embriyoda
TRA-1A transkripsiyon faktorii aktive edilmisken, X0
bireylerde pasif halde bulunmaktadir. Birgok TRA-1A
ve sekste belirleyici rol alan genler ve faktorlerin olasi
hedefleri, islevleriyle ilgili hipotezler 6ne siiriilse de hala
tam anlamiyla bu belirleyici yolaklar agiklanamamustir.
Seks farkliliklarin yansimasini agikga sinir sisteminde
de goriilmektedir. Hermafroditlerde larval kasilmalari
saglayan ve yumurta birakmay1 denetleyen orta viicut
motor ndronlart vardir. Erkeklerde kendilerine 6zel
bulunan kuyruklarinda ¢iftlesme i¢in gerekli mekanizmayi
sunan sekse 6zgii ndronlar vardir (32). Gelisim evresinde
bu farkliliklar1 saglayan, seks spesifik hiicre oliimleri,
onciil hiicrelerdeki degisiklikler ve ndrojenez olmak iizere
ii¢ temel mekanizma vardir (32).

Hermafrodit ve erkek bireylerde ortak bulunan 294
ndron vardir, bunlara ‘ortak’ ya da ‘merkez’ ndronlarda
denmektedir. Her iki bireyde de bulunan ADF ve AIM
noronlarindaki gen ekspresyon yontemleri farklilik
gostermekle beraber, AIM néronu erkeklerde olgunlagsma
sirasinda  sinaps i¢in glutamaterjik ndrotransmitter
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kullanimdan kolinerjik nérotransmittere gegis yapar (33).
Yine her iki bireyde paylasilan kuyruk duyu ndronu PHC
‘de de morfolojik farkliliklar goziikmektedir (32).

Besin kargisinda aldiklar tavir da yukarida bahsedilen
genetik, eseysel, noronal farkliliklar dogrultusunda degisir.
Hermafrodit bireyler igin kisitli besin miktar1 yeterlidir.
Gozlemlendiginde kisa araliklarla besin bdlgesinden
ayrilacak ama sonrasinda yerine geri donecektir. Erkek
bireyler ise izole edildiklerinde besinden uzaklagmakta,
hatta petri kabinin kenarlarina dogru es arayisi iginde yol
almaktadir (32). Fakat gbézlemimizi hermafrodit bireyin
besin ortaminda bulundugu bir deneyle tekrarlarsak erkek
bireyin hermafroditin bulundugu besin ortamina dogru
yonelecegini goriiriiz (34). Erkek bireylerde yemekten
kagma dirtiisii ¢iftlesme isteginden {iistiin gelememistir.
Tabii olgunlasmamis erkek bireyler aghik durumunda,
olgunlasmis bireylerde gozlenemeyecek sekilde, besin
ortamindan hi¢ ayrilmamislardir. Olgunluk ¢aginda olan ve
olmayan erkek bireyler, hermafroditler, sinir sistemlerinin
gizemini hala koruyarak ¢evreyi, kendi benliklerini ve
kapasitelerini, ¢evrede bulunan diger tiirlerin eseyini
belirleyerek ve yorumlayarak davranislarini degistirmekte,
motor noronlarini duyu néronlarindan gelen bilgiyle en iyi
sekilde yonlendirmeye ¢alisarak saniyelik adaptasyonlarin
olusuma izin vermektedir (35).

Sekil 3: C. elegans ile yapilan sinirbilim arastirmalarinin
yillara gore artist

Birgok sirr1 ¢dziilen insan biyolojik yapisinin, hala
sirlarin1  koruyan sinir sisteminin gizemlerini ortaya
¢ikarmaya yetmese de C. elegans’1 temel alan sinirbilim
calismalar1 daha dogru sorulart sormamizi saglayacak
ve neden-sonug iligkilerini daha derin yorumlamamizi
saglayacaktir. Tabii ki noronlar ile yapilan deneylerden
elde edilebilecek sonucglarin gegerliligi, dogrulugu ve
subjektif gozlenebilirligi ile kendi tanimlamamizla
gorece basit olan bir solucan tiirliniin deney verilerinin
bir nevi zoraki kurulmus bagintilar1 kiyaslanamaz. Ancak,
maalesef ki sinir, dolasim, sindirim vb. sistemlerinden
bahsederken tek bir hiicre veya hiicre toplulugundan degil;
birden ¢ok tiir hiicre, hiicre toplulugunun birlikteliginden,
bu birlikteligin olas1 sonuglari, yapisi ve bdliimlerinden
bahsetmekteyiz. Sistemler {izerinden varmaya ¢aligtigimiz
noktalar1 ve elde etmeye ¢alistigimiz cevaplari, bilimsel
verilerle elde etmek igin, birgok farkli ve degisken
ozellige sahip, d6l alimi ve dol takibi uzun siiren insan
oldukca zor bir model olarak karsimiza g¢ikmaktadir.
Daha kontrol edilebilir, 6zelliklerine hakim olunan ve bu
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Sekil 4: C. elegans ile yapilan sinirbilim arastirmalarinin disiplinler aras1 dagilimi

ozelliklerini degistirebilme imkanina sahip oldugumuz bir
modele ihtiya¢ duyuldugundan, C. elegans ile yapilan ve
sinir sistemini anlamaya yonelik ¢aligmalar, her yil artis
gostermektedir. Google Akademik’ten, 2000-2001’den,
2020-2021’e kadar, C. elegans ile yapilan sinirbilim
aragtirmalart taranarak, sayisal verilere ulasildiginda,
Sekil 3’teki grafik elde edilmektedir.

Sinirbilim  arastirmacilari  Onceleri  arastirmalarinda
agirlikli olarak birka¢ hayvan tlirlinii kullaniyorken,
gelisen teknoloji ve bilgi birikimi sayesinde, modern
sinirbilim arastirmalarinda karsilagtirmali yaklagim ile C.
elegans gibi modellere de agirlik vermeye baslamislardir.
1980’lerin ortalarina kadar, boceklerden, kuglara ve
yarasalara, at nali yengecinden, primatlara kadar farkli
canlilar sinirbilim arastirmalar1 i¢in kullaniliyordu.
Sonralar1 C. elegans, meyve sinegi, zebra balig1 ve fareler
kullanilarak daha az g¢esitlilikte tiirlerle arastirmalar
devam ettirilmistir.  C. elegans’m genetik yapisinin
bilinmesi ve kolay izlenebilirligi, ayrica laboratuvar
ortaminda kolay calisilabilen bir model olmasi, farkli
disiplinlerde oldugu gibi; sinirbilim arastirmalarinda da
kendine yer bulmasini saglamistir (26,27,29-32). Elektron
mikroskobu ile aliman goriintiiler ve kemoatraktanlara
verilen cevaplar karakterize edilerek, 1970’lerden sonra,
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hermafrodit sinir sistemindeki ndronlarin tiim baglantilar:
ve 381 hiicreli erkek sinir sistemindeki baglantilar biiyiik
Olciide gosterilmistir (33-36). Vahsi tip C. elegans’in
sinir baglantillarina ait devre diyagrami sayesinde,
mutantlarin fenotiplerini ve nérotransmiterlerin islevlerini
yorumlamak miimkiin olmustur (37).

C. Elegans model alinarak gergeklestirilen sinirbilim
arastirmalart alan ve iilke temelli olarak, “Web of
Science”da 1996 ve 2020 yillar1 arasinda SCI-Exp dergiler
icin incelendiginde, ¢ok farkli alandan aragtirmacilarin
bu alana yoneldigi (Sekil 4) goriilmistiir (38). Klinik
sinirbilim arastirmalarinda daha iist siralarda yer alan
iilkemizde bu modele yonelik sinir bilim arastirmalari
yaygmn degildir. Son 15 yilda, bu alanda sadece bir
yayin yapilmistir. Bu alanda basi Amerika, Japonya,
Ingiltere, Almanya, Kanada ve Cin ¢ekmektedir. Klinik
aragtirmalar ve hiicre deneyleri arasinda, ara bir basamak
olarak kullanilabilen, bir organizmanin néronal cevabini
belirlemek icin faydali bir model olarak ortaya c¢ikan
C. elegans sinirbilim arastirmalariin, bazi {lkelerde
siralamada degisiklik olmakla birlikte, klinik arastirmalara
paralel oranda ortaya ciktigi goriilmektedir (Sekil 5).
Tiirkiye klinik sinirbilim aragtirmalarinda Sekil 5°te
goriilen siralamaya gore ¢ok daha iyi bir yere sahiptir (39).
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Sekil 5: 1996 ve 2020 yillar1 arasinda, sinirbilim arastirmalarinin tilkelere gore dagilimi

C. elegans ile ilgili noronal aktivitelerin, hiicresel
ve genetik cevaplarin aydinlatilmasi ve laboratuvar
ortaminda, hedefe 0zgli olarak cogaltilmasina yonelik
ayrintilar netlestikce, sinirbilim arastirmalarinda yapilan
arastirmalarda da artis gozlenmistir. Uretim kolaylig,
kiigiik ve iyi tanimlanmuis yapist ile, farkli birgok disiplinde

oldugu gibi, sinirbilim aragtirmalarinda da farkli aragtirma
gruplarinin bu modele yonelmesini saglamistir ve her yil
bu modelle yapilan aragtirmalar artarak devam etmektedir.
Bu caligmada hem bu modele yil, alan ve {ilke bazli
yonelim degerlendirilmis, hem de C. elegans’in genel
ozellikleri hakkinda bilgi verilmistir.

Cikar Catismasi: Yazarlar ¢ikar ¢atismasi olmadigini beyan eder.
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Investigation of the Effect of the Two Different Immobilization Tools Used in
Breast Treatment in TomoTherapy Device on Treatment Plans

Tomotherapi Cihazinda Meme Tedavisinde Kullanilan ki Farkli Immobilizasyon Aracinin

Tedavi Planlarina Etkisinin Arastirilmasi

Bahar Acarsoy

Istanbul Aydin Universitesi, Saglik Bilimleri Enstitiisii, Saglk Fizigi Programy, Istanbul, Tiirkiye.

ABSTRACT

Objective: With the developing technology, it is the biggest auxiliary immobilization (stabilization) systems and
position support tools to better protect critical organs and healthy tissues in breast cancer treatments. The aim
of our study; The aim of this study is to investigate the applicability of these two immobilization systems by
comparing the target volume and critical organ doses obtained from the plans made with Tomotherapy-Helical
(TH) and Tomotherapy-Direct (TD) IMRT methods using Breast Board (BB) and Lung Board (LB).

Material and Method: This study is retrospective and data of 15 patients with breast cancer were selected
from the treatment planning archive. With TH-TD methods, virtual treatment plans were created in Computed
Tomography (CT) of patients with a target volume dose of 50 Gy/ 25 fractions.

Results: As a result of the study, Whether there is a difference between the two measurement results obtained from
the same data source, the differences in the parameters of the target volume and critical structures, the Wilcoxon
signed rank test was applied in the SPSS program and the results were evaluated as significant and meaningless
as a result of the statistical analysis. no significant difference was found between TH-TD techniques of BB and
TH-TD techniques of LB on CTV (p values >0.05 for each). In the data obtained for critical organs; In general,
it was observed that the TH technique was significantly more effective in areas with high doses on BB and LB.
When evaluated in terms of treatment times, no significant difference was found between the TD technique of MB
and ABP, although blocking was used in the BB and LB TH technique (p>0.05).

Conclusion: As a result, it was seen that both techniques used in both immobilization systems would be preferred
in breast cancer radiotherapy considering the patient s anatomy.

OZET

Amag: Gelisen teknoloji ile beraber meme kanseri tedavilerinde, kritik organ ve saglam dokular: daha iyi
koruyabilmek i¢in en biiyiik yardimct immobilizasyon (sabitleyici) sistemler ve pozisyon destek araglaridir.
Calismamizin amaci, Meme Bordu (MB) ve Akciger Bordu (AKB) kullanilarak Tomoterapi-Helical (TH) ve
Tomoterapi-Direct (TD) IMRT yontemi ile yapilmis olan planlamalardan elde edilen hedef hacim ve kritik organ
dozlarimn karsilastirilarak, bu iki immobilizasyon sisteminin uygulanabilirliginin aragtirilmasidir.

Gereg ve Yontem: Yapilan bu ¢alisma retrospektif olup, meme kanserli 15 hasta verisi tedavi planlama arsivinden
segilmistir. TH-TD yontemleri ile hedef hacim dozu 50 Gy/ 25 fraksiyon olacak sekilde hastalarin Bilgisayarl
Tomografi (BT) 'de sanal tedavi planlar olusturulmustur.

Bulgular: Yapilan ¢alisma sonucunda, ayni veri kaynagindan elde edilmis olan iki 6l¢iim sonuglar: arasinda fark
olup olmadigi, hedef hacim ve kritik yapilara ait parametrelerdeki farklar, SPSS programinda wilcoxon signed
rank testi uygulanarak sonuglar istatistiksel analiz sonucunda anlamli ve anlamsiz olarak degerlendirilmistir.
MB’nun TH-TD teknikleri ile AKB'nun TH-TD teknikleri arasinda, hedef hacim (CTV) iizerinde anlamli bir
Sfarkhlik saptanmanmustir (p degerleri her biri icin>0.05). Kritik organlar igin elde edilen verilerde; genel olarak
TH tekniginin MB ve AKB iizerinde yiiksek doz alan bélgelerde anlaml derecede daha etkili oldugu gozlenmistir:
Tedavi siireleri agisindan degerlendirildiginde ise, MB ve AKB TH tekniginde bloklama kullanilmis olmasina
ragmen MB ve AKB 'nun TD teknigi arasinda anlamh farkliltk saptanmamigstir (p>0.05).

Sonug: Her iki immobilizasyon sisteminde kullanilan her iki tekniginde meme kanseri radyoterapisinde hastanin
anatomisi goz ontinde bulundurularak tercih edilecegi goriilmiistiir:

Keywords:

Breast cancer

Immobilization

Radiotherapy intensity modulated
computerized tomography

X-Ray

Anahtar Kelimeler:

Meme kanseri
Immobilizasyon
Radyoterapi yogunluk ayari
bilgisayarli tomografi
X-151m1

GIiRiS

Meme kanseri, kanser tiirleri icerinde tiim toplumlarda
gorlilme sikligr giderek artan ve ozellikle son yillarda
kadin sagligin1 tehdit eden kanser tiirleri arasinda akciger
kanserinden sonra ikinci sirada yer almaktadir (1).

Meme kanseri tedavisi, hastaligin cinsi ve yaygimligia
bagli olarak degisiklik gostermektedir. Yasam kalitesini
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arttiran meme koruyucu yontemlerin tedavide kullanilmasi
ile radyoterapinin (RT) meme kanserinde Onemini
arttirmaktadir (2). Tim kanserlerin radyoterapisinde
oldugu gibi meme kanseri radyoterapisinde de hedef
hacime uygulanacak olan tedavinin gilivenilir ve
tekrarlanabilir bir sekilde her fraksiyonda uygulanabilmesi
oldukca biiyiik 6nem tagimaktadir (3).
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Son yillarda ilerleyen teknolojiye bagli olarak meme
kanseri tedavilerinde basarili bir tablo izlenmektedir.
Her hastaya 6zel olarak hazirlanan tedavi planlamalari
hedef hacime uygulanacak olan dozun dogru bir sekilde
iletilmesini saglamakla birlikte doz homojenitesinin
ve konformalitesinin daha iyi bir sekilde saglandigi
goriilmektedir (4).

Yapilan bu ¢alismada, uluslararast radyasyon 6l¢iim ve
birimleri komitesine ait 50. ve 62. Numarali raporlar esas
almarak hazirlanmis olan tedavi planlarinda en hassas
noktalar olan kalp dozu, akciger ve gogiis duvart cilt dozu
6n planda tutulmustur. Ve elde edilen verilerin yapilan
istatistiksel analiz sonucunda Kkarsilastirilarak meme
kanseri hastalar1 i¢in en uygun tedavi yontemini bulmak
amaglanmistir (5).

GEREC VE YONTEM

Calismada, Tedavi Planlama Sistemi (TPS) arsivinden
(Accuray-Tomoterapi, Volo tedavi planlama sistemi)
geriye doniik olarak bulunan, RT Uygulanmis erken
evre meme kanserli hastalardan olusan 15 kisilik hasta
grubu secilmistir. Istanbul Aydm Universitesi Girisimsel
Olmayan Klinik Arastirmalar Etik Kurulu’nun 23.12.2020
tarihinde yapilan olagan iistii toplantisinda 2020/318 no’lu
karar geregi bu hastalara ait planlama igin ¢ekilen BT
verileri, hastalarin iki farkli immobilizasyon sisteminde
iki farkli teknikteki sanal tedavi planlamalarma ait
parametreler kullanilmisgtir.

BT Simiilator: “Philips Brilliance” marka, “64
channel” model tiim viicut x-151n1 BT cihazi1 kullanilmustir.
Hastalarin planlama i¢in BT cihazinda ii¢ boyutlu
goriintiileri alinmistir ve hasta BT masasinda tedavi igin
uygun pozisyonda hazirlanarak immobilize edilmistir (6).
* Meme Bordu: Meme sabitleme araglari, radyoterapi
tedavileri sirasinda hasta memesini istenilen pozisyonda
tutarak sabitlenmesini saglamaktadir. Tedavi sirasinda
Civco marka C-QUAL model meme tahtasi (bordu)
kullanilmigtir (7).

* Akciger Bordu: Tedavi sirasinda gévdenin iist kismini
sabitleme amaghi kullanilir. Kolayca temzilenebilen
ve taginabilir olmasiyla birlikte sterilizasyona gerek
duymayan bir sabitleme aracidir. Tedavi sirasinda
Civco marka C-QUAL model akciger tahtasi (bordu)
kullanilmigtir (8).

RT Network Sistemi: RT’de kullanilan biitlin tedavi
sistemlerinin ve goriintiileme sistemlerinin ayni veri
alanin1 kullanarak bilgilerin hizli ve giivenilir sekilde
toplanmasi, aktarilmasi ve depolanmasi olanagi sahiptir.
MiM Konturlama Sistemi: “MIM” marka, “6.4.9”

Sekil 1: Meme bordu kullanilarak TH ve TD teknikleri ile yapilan
planlamalardan elde edilen doz dagilimini gosteren transvers kesit
goriuntsiit (TH teknigi kullanilirken kritik organlar igin viicudun arka
kismina blok (tam/complete) kullanilmistir).
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model konturlama sistemi kullanilmistir (9). Konturlama
sisteminin amaci, hastanin tedaviye baslamadan once
¢ekilmis BT goriintiileri, network sistemi araciligi ile li¢
boyutlu konturlama sistemine aktarilarak hastanin hedef
hacimi ve kritik organlari belirlenir.

* Tomoterapi Hi-Art Lineer Hizlandirici: BT cihazina
benzer goriinimde olup, gantri yapisi sayeside ii¢ boyutlu
iist diizey goriintilleme ve helikal olarak ii¢ boyutlu 151
tedavileri yapabilen sistemdir.

e Tomoterapi Hi-Art Lineer Hizlandiricr Tedavi
Planlama Sistemi: “Volo (Accuray® Planing Station-
Tomotherapy® H™ 2.1.1 version)” tedavi planlama
sistemi kullanilmistir. Tomoterapi Hi-Art tedavi planlama
sistemi (TPS), Convolotion/Superposition algoritmasi ile
ters planlama o6zelligine sahip olup, sistemde sadece 6
MYV’ ye ait doz verisi bulunmaktadir (10).

+ Uluslararas1 Radyasyon Olgiimleri ve Birimleri
Komitesinin 50 ve 62 Numaral Raporu: Radyoterapide
iic boyutlu tedavi planlamasi i¢in gerekli olan hedef
hacimlerin (GTV, CTV, PTV) ve kritik organ (OAR)’larin
ayrintili olarak tanimlayan rapor referans olarak alinmistir
(11, 12).

Hastalarin goriintiilenmesi, BT-simiilasyonu ile MB’nun
uygun ag¢i ve pozisyon ayarlamalari yapilarak lazerler
yardimiyla isaretlenmeleri yapilmistir. Ayni  sekilde
AKB’nun uygun kol tutus ve pozisyon ayarlamalari
yapilarak BT’de lazerler yardimiyla igaretlenmis ve BT-
simiilasyonu yapilmistir. MIM Konturlama Istasyonu’na
aktarilan bu iki farkli immobilizasyon sistemi kullanilarak
elde edilen BT gorintiileri iizerinden CTV Meme ve
OAR’lar; Sag ve Sol Akciger, Kalp, Karaciger, Karsi
Meme belirlendi ve veriler Accuray®-Tomotherapy® H™
planlama sistemine aktarild1 (13). TH ve TD ydntemleri
ile CTV dozu 50 Gy/25 fraksiyon olacak sekilde hastalarin
sanal tedavi planlart olusturulmustur. Béylece MB ve
AKB kullanilarak elde edilen BT goriintiisii iizerinden
doz voliim histogramlari ve siireler karsilastirilmistir (14).
Bu iki farkli yontemdeki sanal tedavi planlamalari hastaya
uygulanmadan 6nce iki boyutlu iyon odast sistemine ve li¢
boyutlu analiz yapmamiza olanak saglayan fantom iizerine
aktarilarak kalite kontrolii yapilmistir, %3-3mm DTA
gama analizine gore %95 uygunlukta olmasi kosulunun
saglandig1 gozlemlenmistir (15).

Immobilizasyon sistemi kullanilmis TH ve TD her iki
planlama tekniklerinde de CTV meme’ye 50 Gy/25
fraksiyon doz tanimlanarak elde edilen doz dagilimlarinin
transvers kesiti Sekil 1 ve Sekil 2’de verilmistir.

Sekil 2: Akciger bordu kullanilarak TH ve TD teknikleri ile yapilan
planlamalardan elde edilen doz dagilimlarini gdsteren transvers kesit
gortintsit (TH teknigi kullanilirken kritik organlar i¢in viicudun arka
kismina blok (tam/complete) kullanilmistir).
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Tablo 1: CTV Meme D 95 (%) - MB igin TH ile TD’te ortalama, standart sapma, minimum, maximum, z ve p degerleri

n Ort. SS Min Max z p
0 -
crv Men}e D_95(%)-MB, 15 48.93 0.48 4792 49.58
Tomo-Helical
CTV Meme D_95(%)-MB -0.282 0.778
eme D_95(%)-MB, 15 48.84 0.66 47.81 49.84

Tomo-Direct

CTV: Hedef Hacim, MB: Meme Bordu, TH: Tomo Helical, TD: Tomo Direct, SS: Standart Sapma, n: Hasta sayist

Tablo 2: CTV Meme D_95(%) - AKB i¢in TH ile TD’te ortalama, standart sapma, minimum, maximum, z ve p degerleri

n Ort. SS Min Max z p
0 -
crv Men}e D_95(%)-AKB, 15 48.70 0.74 47.03 49.56
Tomo-Helical
CTV Meme D _95(%)-AKB -0.256 0.798
eme D_95(%)-AKB, 15 48.75 0.79 47.00 49.81

Tomo-Direct

CTV: Hedef Hacim, AKB: Akciger Bordu, TH: Tomo Helical, TD: Tomo Direct, SS: Standart Sapma, n: Hasta sayis

istatistiksel Analizz Bu karsilastirmada aym veri
kaynagindan elde edilmis olan iki Ol¢iim sonuglart
arasinda fark olup olmadigi, hedef hacim ve kritik yapilara
ait parametrelerdeki farklar, SPSS programinda wilcoxon
signed rank testi uygulanarak sonuglar istatistiksel analiz
sonucunda anlaml1 ve anlamsiz olarak degerlendirilmistir.
BULGULAR

Caligmada 15 hasta icin iki farkli immobilizasyon araci
kullanilarak hem helical ve hem direct planlarindan
elde edilen doz dagilimlari, planlanan CTV ve OAR’lar
igin minimum, maximum, ortalama dozlar ve doz
hacim parametreleri, ortalama + standart sapma olarak
belirlenmistir.

CTV Meme D 95(%)-MB, TH’nin ort-std sapma
%48.93+0.48, minimum 47.92, maximum 49.58, CTV
Meme D_95 (%)-MB, TD’in ort-std sapma %48.84+0.66,
minimum 47.81, maximum 49.84 olup ve z ve p degerleri
de verilmis olan bu iki plan arasinda anlamli farklilik
saptanmamigstir (p>0,05).

CTV Meme D 95 (%)- AKB, TH’in ort-std sapma
%48.70+0.74, minimum 47.03, maximum 49.56, CTV
Meme D 95(%)-AKB, TD’in ort-std sapma %48.75+0.79,
minimum 47.00, maximum 49.81 olup z ve p degerleri
de verilmis olan bu iki plan arasinda anlamli farklilik
saptanmamuigstir (p>0.05).

CTV Meme D Mean (Gy) -MB, TH’in ort-std sapma
%150.64+0.47, minimum 50.00, maximum 51.00,
CTV Meme D Mean (Gy)-AKB, TD’in ort-std sapma
9%51.05+0.53, minimum 49.82, maximum 51.98 olup z ve
p degerleri de verilmis olan bu iki plan arasinda arasinda
anlamli farklilik saptanmistir (p<0.05). CTV Meme D _
Mean (Gy) - MB, TD puan ortalamasi CTV Meme D
Mean (Gy) - MB, TH puan ortalamasindan daha yiiksektir.
Karst meme V_5 (Gy) - MB, TH’in ort-std sapma
%9.12+1.54, minimum 4.00, maximum 10.00, Kars1
meme V_5 (Gy)- MB, TD’in ort-std sapma %1.67+2.44,
minimum 54, maximum 10.06 olup olup z ve p degerleri
de verilmis olan bu iki plan arasinda anlamli farklilik
saptanmustir (p<0.05). Kars1t Meme V_5 (Gy) - MB, TH
puan ortalamasi1 Karst Meme V_5 (Gy) - MB, TD puan
ortalamasindan daha yiiksektir.

Ayni taraf Akciger V_20 (Gy)- MB, TH’in ort-std sapma
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%14.09+2.29, minimum 9.30, maximum 18.80, Ayni
taraf Akciger V_20 (Gy)- MB, TD’in ort-std sapma
%13.93+7.88, minimum 4.07, maximum 26.96 olup z
ve p degerleri verilmis olan bu iki plan arasinda anlamli
farklilik saptanmamugtir (p>0.05).

Kars1 taraf Akciger D Mean (Gy)-MB, TH’in ort-std
sapma %1.36+0.42, minimum 0.68, maximum 1.99, Kars1
taraf Akciger D Mean (Gy)- MB TD’in ort-std sapma
%0.37+0.39, minimum 0.22, maximum 1.76 olup z ve
p degerleri verilmis olan bu iki plan arasinda anlamli
farklilik saptanmistir (p<0.05).

Karg1 taraf Akciger D Mean (Gy) MB, TH puan Kars1
taraf Akciger D Mean (Gy) MB, TD puan ortalamasindan
daha yiiksektir.

Kalp D Mean (Gy)- AKB TH’in ort-std sapma
%3.85+1.44, minimum 0.92, maximum 5.59, KalpD
Mean (Gy)- AKB TD’in ort-std sapma %2.84+1.78,
minimum 0.52, maximum 4.49 olup z ve p degerleri
verilen bu iki plan arasinda anlaml farklilik saptanmistir
(p<0.05). Kalp D_Mean (Gy) AKB, TH puan ortalamasi
KalpD Mean (Gy) AKB, TD puan ortalamasindan daha
yiiksektir.

Karaciger V_5(Gy) AKB TH’in ort-std sapma
%7.13£5.43, minimum 1.46, maximum 20.30, Karaciger
V_5 (Gy) - AKB TD’in ort-std sapma %8.24+13.58,
minimum 0.33, maximum 44.24 olup z ve degerleri verilen
bu iki plan arasinda anlamli farklilik saptanmamigtir
(p<0.05).

Siire - MB TH’in ort-std sapma %5.80+5.45, minimum
4.40, maximum 8.60, Siire (Dakika)- MB TD’in ort-std
sapma %>5.45+0.99, minimum 3.70, maximum 7.00 olup z
ve p degerleri verilen bu iki plan arasinda anlamli farklilik
saptanmamustir (p>0.05).

TARTISMA

Karmagik anatomiye sahip olan meme, kisiden kisiye
farklilik gostermektedir. Tedavi siirecinde uygulanacak
olan meme RT’si de bu sebepten dolay: kisisellestirilmis
tedavi plan1 seklinde uygulanmaktadir (16). Tedavi
planlamalarinda  hedef hacime doz homojenligi
saglanirken, tedavi alani igerisinde bulunan saglikli ve
riskli organlarinda etkilenmelerini en aza indirgemek
gerekmektedir (17). Bu sebeple tedavi planlamalari
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yapilirken kardiyak ve pulmoner toksititeleri goz oniinde
bulundurulmalidir (18).

Tedavi sirasinda belirlenen dozun hastaya en uygun
sekilde verilebilmesi ve yapilan planlamalardaki doz
dagilimlarinin elde edilebilmesi i¢in her hastaya uygun
dogru pozisyon verdirilmesi, hastanin her tedaviye
ayn1 pozisyonla alinmasi ve tedavi esnasinda hasta
hareketlerinin daha kisitli hale getirilmesi gerekmektedir.
Bu kisitlama, immobilizasyon sistemleri ile saglanarak
tedaviyi daha dogru sekilde uygulamayi amaglamaktadir
(19).

Bu c¢alismada meme kanseri RT’sinde, iki farkh
immobilizasyon sistemi olan MB ve AKB ile tomoterapi
cihazinin, iki farkli teknigi olan TH ve TD tedavi yontemleri
kullanilip her hastaya 6zgii tedavi planlari olusturularak,
tedavi planlarindan elde edilen doz dagilimlarinin
karsilastirilmasi yapilmistir. Yapilan ¢alismada asil amag;
her tedavide hasta pozisyonun ayni ve tedavi siiresince
hasta pozisyonunun bozulmamasi i¢in MB ve AKB ile
iyi bir immobilizasyon yapilarak, tiimore verilmis olan
dozun hangi immobilizasyon sisteminin hangi teknik ile
birlikte daha homojen sekilde dagildigini bulmaktir. Ve
tiimoriin etrafinda bulunan OAR’larin ( karst meme, ayni
taraf akciger, karsi taraf akciger, kalp, karaciger) aldiklari
dozlar; hangi immobilizasyon sisteminin hangi teknikle
daha iyi sonuglar verdigini belirlemektir (20).

Calismada meme kanserli 15 hasta verisi kullanilarak
MB ve AKB’nun, TH ile TD teknikleriyle tedavi planlari
olusturulmustur. Bu tedavi planlarinda, CTV hacminin
%95 doz dagilimimin i¢inde kalmasi saglanirken, saghkli
ve kritik organlarinda miimkiin oldugunca korunmasi
planlanmistir.  Yapilan planlamalarda; IMRT teknigi
kullanilmig olup 6 MV x-151n enerjisine sahip olan
cihazin, immobilizasyon sistemleri iizerinde TH ile
TD her iki planlama tekniginde de tiimoér yatagina 50
Gy/25 fraksiyon doz tanimlanarak sanal RT planlar

olusturulmustur. Calismada Civco marka C-QUAL model
MB ile AKB kullanilarak, TH ve TD tiim planlamalarinda
modiilasyon faktorii 2.7 ve ¢ene (jaw) genisligi 2.5 cm
olarak kullanilmigtir. Pitch faktorii ise TH’de 0.215 ve
TD’de 0.251 dir (21).

Yapilanbu¢aligmada, memekanseritedavi planlamalarinda
hedef hacimler i¢in elde edilen sonuglarda; hedef hacime
ve timor yatagina verilen dozun MB ve AKB’nun TH
teknigi ile homojen bir dagilimi elde edilmistir (18). MB
ve AKB’nun TD teknigi ile tiimor yatagina verilen dozun
daha genis oldugu gozlemlenmistir (21).

Agostinelli S. ve arkadaglarinin Accuray Hi-Art HT ile
tedavi edilen 16 hasta {izerinde yapmis olduklari galismada,
hastalar Civco Wing Board (WB) sistemi kullanilarak
kollar basin iizerine uzatilmis sekilde sirtiistii olacak
sekilde yatirilmig hastalarin %50’sine immobilizasyonu
iyilestirmek i¢in Orfittermo plastik maske eklenmis ve doz
dagilimlar1 analiz edilerek karsilastirilmast yapilmistir.
Analiz sonucunda her iki grupta da hedef boyut (D _95)
ve maksimum dozla (D Max) planlanan degerleri
neredeyse ayni olup, risk altindaki organlarin D Max’lar1
arasinda anlaml olarak bir farkliik bulunmadigindan
bahsetmislerdir (22, 23).

Yapilan ¢alisma sonucunda; meme kanseri RT’sinde;
immobilizasyon sistemleri olan MB ve AKB’nun TH
ve TD tekniklerinde kritik organlar iizerinde yapilan
planlamalara uygun sekilde diisiik ve anlamli dozlar elde
edilmistir. Kullanilan her iki immobilizasyon sisteminin
her iki teknikle birlikte hasta anatomisi dikkate alinarak
tercih edilebilecegi goriilmiistiir. Istatistik analiz
sonucunda yapilan genel degerlendirmede; MB’nun TH
teknigi ile kullanilmasi kritik organ dozlari ve tedavi
siireleri agisindan MB TD ve AKB TH-TD tekniklerinden
daha avantajli secenek haline geldigi goriilmektedir.
Calisma sonuglari, literatiirle genel olarak uyumlu
cikmustir.

Cikar Catismasi: Yazar ¢ikar catigmasi olmadigini beyan eder.
Etik: istanbul Aydin Universitesi Girisimsel Olmayan Klinik Arastirmalar Etik Kurulu (23.12.2020 - 2020/318)
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Investigation of SBRT and IMRT Techniques in Lung Radiotherapy:

A Dosimetric Study

Akciger Radyoterapisinde SBRT ve IMRT Tekniklerinin Incelenmesi: Dozimetrik Calisma

Elif Ates

Istanbul Aydin Universitesi, Saglik Bilimleri Enstitiisii, Saghk Fizigi Programy, Istanbul, Tiirkiye.

ABSTRACT

Objective: In our study, we aimed to compare the dose distrubutions of Accuray brand TomoTherapy device
Volo treatment planning system lung stereoactic body radiation therapy (SBRT) and intensity-adjusted radiation
therapy in cancer dose distributions obtained using (IMRT) techniques and environmental doses.

Matetial and Method: Computed Tomography (CT) images of 7 patients were transferred to the MIM contouring
station for dose measurement. CT target volume via image; PTV right or left lung, critical organs: heart, costa,
esophagus, medulla, bilateral lung transferred to planning system. Lung tumors created virtually.In study 1 cm
tumor of the size it is formed to be cm,3 cm and 5 cm. Spouse as lungtumor sizes change.in time, the cross-section
(jaw) area of the TomoTherapy device will also be 1 cm, 2.5 cm and 5 cm it has been modified and tested for SBRT
and IMRT techniques at each tumor size.

Results: PTV dose treatment plans have been established to be 60 Gy and 3 fractions. The study 1 cm tumor of
the size SBRT and IMRT techniques compared to the treatment of lung cancer as a result for 1 cm jaw, 2.5 cm
Jaw and 5 cm jaw in cm tumor size and 5 cm tumor PTV max, D95 values for 1 cm jaw used in size and bilateral,
which is the critical organs. A significant difference in lung max values was found in favor of SBRT (p<0.05). 3
cm tumor size used in 1 cm, 2.5 cm and 5 cm jaw areas and 5 cm treatment compared to 2.5 and 5 cm jaw areas
used in cm tumor bouts statistics on ptv max and bilateral lung max values at the end of the analysis, an agreed
difference was found in favor of the SBRT (p<0.05) during treatment periods. At the end of statistical analysis in
1 cm jaw area used in I cm tumor size a significant difference in favor of IMRT has been identified.(p<0.05) and
no significant differences were found for other critical organs (p > 0.05).

Conclusion: As a result, 1 cm, 3 cm and 5 cm tumor sizes used in 1 cm, 2.5 cm and 5 cm section (jaw) areas
according to both techniques preserved critical organs. But the SBRT technique showed better results in terms of
target volume (PTV) and both lungs.

OZET

Amag: Calismamizda Accuray marka Tomoterapi cihazinin volo tedavi planlama sistemiyle akciger kanserinde
Stereotaktik Beden Radyoterapisi (SBRT) ve Yogunluk Ayarli Radyoterapi (IMRT) teknikleri kullanilarak elde
edilen doz dagilimlarinin ve ¢evre dozlarin karsilastirilmasi amaglanmistir.

Gereg ve Yontem: Doz élgiimii i¢in 7 hastamin Bilgisayarli Tomografi (BT) gériintiileri ti¢c boyutlu konturlama
yazlim sistemi (MIM) konturluma istasyonuna aktarilmistir. Tedavi baslamadan once ¢ekilmis bilgisayarl
tomografi goriintiileri, network sistemi yardimiyla ti¢c boyutlu konturlama sistemine aktarilarak, hastanin tiimor
ve kritik organlari belirlenmistir. BT gériintiisii iizerinden hedef hacim; planlanan hedef hacim (PTV) sag veya
sol akciger, kritik organlar; kalp, kosta, ozefagus, medulla, bilateral akciger (her iki akciger) belirlenerek
Tomotheraphy Volo Planlama Sistemi’ne aktarilmistir. Calismada sanal olarak olusturulan akciger tiimorleri 1
cm, 3 cmve 5 cm olacak sekilde olusturulmustur. Akciger tiimor boyutlar: degisirken es zamanli olarak tomoterapi
cihazimin kesit (jaw) alani da 1 cm, 2.5 cm ve 5 cm olacak sekilde degistirilerek her bir tiimér boyutunda SBRT ve
IMRT teknikleri i¢in denenmistir. PTV dozu 60 Gy ve 3 fraksiyon olacak sekilde tedavi planlar: olusturulmugstur.
Bulgular: Yapilan ¢alisma sonucunda Akciger kanserinin tedavisinde karsilastirilan SBRT ve IMRT
tekniklerinden 1 cm’lik tiimér boyutunda 1 cm’lik jaw , 2.5 cm’lik jaw ve 5 cm’lik jaw igin ve 5 cm’lik tiimor
boyutunda kullanilan 1 cm’lik jaw igcin PTV max, D95 degerleri ve kritik organ olan bilateral akciger max
degerleri iizerinde SBRT lehine anlamli bir farklhilik saptanmistir (p<0.05). 3 cm’lik tiiméor boyutunda kullanilan
1 em’lik, 2.5 cm’lik ve 5 cm’lik jaw alanlarinda ve 5 cm’lik tiimor boutunda kullanilan 2,5 ve 5 cm’lik jaw
alanlarinda karsilastirilan tedavi yontemleri icin PTV max ve bilateral akciger max degerleri iizerinde yapilan
istatistiksel analiz sonucunda SBRT lehine anlaml bir farklilik saptanmistir.(p<0,05)Tedavi siirelerinde ise 1
cm’lik tiimor boyutunda kullanilan 1 cm’lik jaw alaninda istatistiksel analiz sonucunda IMRT lehine anlaml bir
farklilik saptanmistir (p<0,05) ve diger kritik organlar igin ise anlamli bir farkhilik saptanmamistir (p>0,05).
Sonug: Sonug olarak, 1 cm, 3 cm ve 5 cm’lik tiimor boyutlarinda kullanilan 1 cm, 2.5 cm ve 5 cm kesit (jaw)
alanlarina gore her iki teknikte kritik organlar: korumustur. Fakat SBRT tekniginin hedef hacim (PTV) ve her iki
akciger agisindan daha iyi sonuglar verdigi goriilmiistiir.
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Akciger kanseri, kansere bagli Olimlerin en Onemli
nedenidir ve her yil 1 milyonun iizerinde insan bu
nedenle 6lmektedir (1). Glinliimiizde akciger kanserinin
tedavisinde radyoterapi (RT) ¢ok 6nemli bir yer tutar.
Radyoterapi, iyonlastirict radyasyon kullanarak kanser
hastaliginin tedavi edilmesidir (2). Radyoterapinin amaci,
tiimorlii dokunun yok edilmesi ve ayn1 zamanda saghkli
dokularin korunmasidir. Gelisen teknoloji ile birlikte
birgok etkili RT yontemleri kullanilmaktadir. SBRT
(stereotaktik beden radyoterapisi) ve IMRT (yogunluk
ayarli radyoterapi) bu etkili yontemlerden birisidir (3).
SBRT teknigi ¢ok yiiksek dozlardaki radyasyonun yiiksek
hassasiyetle farkli agilardan hedef organa gonderildigi
tedavi yontemidir (4). Gonderilen radyasyonun hedefte en
yiiksek dozu almasi amaglanirken ¢evre dokularin en az
dozu almasi saglanmaktadir (5,6). SBRT tek doz seklinde
yada birka¢ doz olarak uygulanabilmektedir. IMRT ise
yogunluk farkliliklar1 olusturulmus alanlardan tedavi
yapilan bir yontemdir. Her iki yontemde de ¢evredeki
saglam dokular korunarak etkili bir tedavi uygulamasi
amaglanmaktadir (7,8).

Bu caligmada; her plan i¢in Tomoterapi cihazinda
timor boyutu ve cihazin kesit (jaw) alan1 parametreleri
degistirilip tedavi planlart olusturulmustur. Tedavi
planlart olusturulup doz-hacim histogramlari elde edilerek
karsilastirlmistir. Istatistiksel analiz sonucunda, akciger
kanserli hastalar i¢in en uygun ve dogru tedavi teknigini
bulmak amaglanmistir.

GEREC VE YONTEM

Calisma hastanenin TPS (Tedavi Planlama Sistemi)
arsivinden (Accuray-Tomoterapi, Volo tedavi planlama
sistemi) retrospektif olarak bulunan, RT uygulanmisg
akciger kanserli hastalardan olusan 7 kisilik hasta grubu
secilmisti. Bu c¢alisma Istanbul Aydin Universitesi
Girisimsel Olmayan Etik Kurulu’nun 23.12.2020 tarihinde
yapilan olagan toplantisinda alinan 2020/317 no’lu kararla
onaylanmistir. Bu hastalara ait planlama igin c¢ekilen
bilgisayarli tomografi (BT) verileri ile hastalarin iki farkl
yontemdeki sanal tedavi planlamalarina ait parametreler
kullanilmistir. Ayn1 zamanda her hastanin tiimor boyutlar
1 cm, 3 cm ve 5 cm olacak sekilde yeniden gizilerek her iki
tedavi tekniginde de tiimdr boyutlarina gore planlamalar
yapilmuistir.

BT Simiilatér: “Philips Brilliance” marka,
“64 channel” model tim viicut x-is5in1 BT cihazi
kullanilmistir.1-10 mm arasinda olan kesit kalinliklari
degisik degerlerde secilebilmektedir. Tedavi planlamasi
icin dncelikle hastanin, BT cihazi ile ii¢ boyutlu goriintiileri
almmugtr.

RT Network Sistemi: Radyoterapi network sistemi,
tedavide kullanilan tedavi cihazlarini, goriintiileme
sistemlerini birbirine baglayan ve biitiin tedavi planlama
sistemlerini ayn1 veri alanini kullanarak hizli ve giivenilir
bir sekilde bilgi aktarma,toplama ve depolama olanag:
saglar.

MiM Konturlama Sistemi: “MIM” marka, “6.4.9”
model konturlama sistemi kullanilmistir. Konturlama
sisteminin amaci, hastanin tedaviye baslamadan once
¢ekilmis BT goriintiileri, network sistemi araciligi ile {ig
boyutlu konturlama sistemine aktarilarak hastanin hedef
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hacimi ve kritik organlari belirlenir.

Tomoterapi  Hi-Art  Lineer  Hizlandiricr:
Tomoterapi (Tomotherapy® H™) cihazi; 6 MV tek foton
enerjisine sahip, IMRT ve SBRT teknigini uygulayabilen
lineer hizlandiricidir. Bu cihaz BT cihazina benzemektedir.
Hasta tedavi masasina yatirildiktan sonra masa, cihazin
genis halka yapisinin igine dogru hareket etmektedir.
Tomoterapi Hi-Art Lineer Hizlandiricr Tedavi
Planlama Sistemi: “Volo (Accuray® Planing Station-
Tomotherapy® H™ 2.1.1 version)” tedavi planlama
sistemi kullanilmistir. Tomoterapi Hi-Art tedavi planlama
sistemi (TPS), Convolotion/Superposition algoritmasi ile
ters planlama 6zelligine sahip olup, sistemde sadece 6
MV’ ye ait doz verisi bulunmaktadir.

+  Uluslararas1 Radyasyon Olgiimleri ve Birimleri
Komitesinin 50 ve 62 Numaral Raporu: Radyoterapide
iic boyutlu tedavi planlamasi i¢in gerekli olan hedef
hacimlerin (GTV, CTV, PTV) ve kritik organ (OAR)’larin
ayrintili olarak tanimlayan rapor referans olarak alinmistir
(9,10,11). Calismada sanal olarak olusturulan 1 cm, 3 cm
ve 5 cm tiimor boyutlarma sahip akciger kanserli hastalar
icin RT planlanan ve tomoterapi cihazinda SBRT ve
IMRT tedavi teknikleri ile hazirlanan planlar, PTV ve risk
altindaki organlarin aldig1 dozlar doz-hacim histogramlari
kullanilarak doz karsilagtiriimasi yapilmistir. Retrospektif
olarak planlanan bu galismada, hastalarn 3 mm kesit
kalinligindaki BT wverileri, MIM konturlama sistemine
aktarilarak, her hasta i¢in akciger hedef hacmi ve kritik
organlar, radyasyon onkologu tarafindan konturlanmistir.
Her hasta i¢cin SBRT ve IMRT tekniklerine gore
tedavi planlar1 yapilarak doz-voliim histogramlar
(DVH) incelenmistir. DVH’lerden, PTV ig¢in D%95
ve Dmean doz degerleri kaydedilmistir. Kritik, kalp,
kosta, 6zefagus, medulla ve bilateral akcigerlerin doz-
voliim parametrelerinden V5, Dmax ve Dmean degerleri
belirlenerek, karsilastirilmast yapilmistir.

istatistiksel Analiz: Arastrmamizda iki bagimsiz
gruba sahip belirli bir nicel degiskenin ortalamalarini
kargilagtirmak amaciyla ve verilerimizin normal
dagilima uygun olmadigi durumda iki bagimsiz grubun
ortalamalarint kargilagtirmak i¢in Mann-Whitney U testi
kullanilmustir. Istatistiksel anlamlilik igin p degerinin
0.05 ten kiigiik olmas gerekliligi kabul edilmistir.
BULGULAR

Calismada 7 hasta i¢in hem SBRT ve hem IMRT
tedavi planlarindan elde edilen doz dagilimlari, timor
boyutlarinin sirasiyla 1 cm, 3 cm ve 5 cm; ve tomoterapi
cihaz kesit alaninin sirasiyla 1 cm, 2.5 cm, 5 cm olarak
secilmesiyle planlanan hedef hacim ve kritik organlar
igin minimum, maksimum, ortalama dozlar ve doz-
hacim parametreleri, ortalama + standart sapma olarak
belirlenmistir.

1 cm’lik tiimor ve 1 cm lik kesit alani igin Mann Whitney
U testi sonucunda PTV MAX ve PTV D95’euygulanan
SBRT ve IMRT teknikleri arasinda SBRT Ilehine anlaml
farklilik saptanmistir (p<<0.05). 1 cm’lik tiimdr ve 1 cm lik
kesit alaninda her iki akciger max igin uygulanan SBRT
ve IMRT teknikleri arasinda SBRT lehine anlamli farklilik
saptanmistir (p<0.05).1 cm’lik timoér ve 1 cm lik kesit
alaninda SBRT ve IMRT siireleri arasinda IMRT lehine
anlaml fark tespit edilmistir (p<0.05) (Tablo 1).
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Tablo 1: PTV max, PTV D95, her iki akciger max, ortalama ve siirenin 1 cm’lik tiimér boyutunda 1 cm jaw kullanilarak
elde edilen doz degerlerinin ortalama, standart sapmalari, minimum, maksimum ve p degerleri.

MeanRank Sum of Ranks X SS Min Max M-U p
SBRT 11.00 77.00

PTV max 70.7 7.31 6299 79.12 0.00 0.02*
IMRT 4.00 28.00
SBRT 10.14 71.00

PTV D95 61.5 251 58.00 6539 60.00 0.02*
IMRT 4.86 34.00
. SBRT 11.00 77.00

Her Iki Akciger Max 70.72 731 6299 79.12 0.00 0.00*
IMRT 4.00 28.00
.. . SBRT 7.57 53.00

Her Iki Akciger Ortalama 145 039 0.85 1.97 2400 095
IMRT 7.43 52.00
SBRT 5.29 37.00

Siire 1188 2593 7969 1801.4 9.00 0.048*
IMRT 9.71 68.00

SBRT: Stereotaktik Beden Radyoterapisi, IMRT: Yogunluk Ayarli Radyoterapi, SS: Standart Sapma, M-U: Mann Whitney U, PTV: Planlanan Hedef

Hacim.

Tablo 2: PTV max, PTV D95, her iki akciger max, ortalama ve siirenin 3 cm’lik tiimor boyutunda 2.5 cm jaw kullanilarak
elde edilen doz degerlerinin ortalama, standart sapmalari,minimum, maksimum ve p degerleri.

Mean-

Sum of

Rank Ranks X SS Min Max M-U p
PTV max SBRT 11.00 77.00
70.53 7.13 61.45 78.62 0.00 0.002*
IMRT 4.00 28.00
PTV SBRT 8.43 59.00
DO5 60.14 1.05 5896  62.44 18.00 0.41
IMRT 6.57 46.00
Her iki Akciger Max SBRT 11.00 77.00
70.53 7.13 61.45 78.62 0.00 0.00*
IMRT 4.00 28.00
Her iki Akciger Ortalama  SBRT 6.36 44.50
3.96 1.12 1.78 5.35 16.50 0.31
IMRT 8.64 60.50
Siire SBRT 6.71 47.00
775.22 160.89 565.40 1129.40 19.00 0.48
IMRT 8.29 58.00

SBRT: Stereotaktik Beden Radyoterapisi, IMRT: Yogunluk Ayarli Radyoterapi, SS: Standart Sapma, M-U: Mann Whitney U, PTV: Planlanan Hedef

Hacim.

3 cm’lik timoér ve 2.5 cmlik kesit alani i¢in Mann
Whitney U testi sonucunda PTV max icin SBRT ve
IMRT teknikleri arasinda SBRT lehine anlamli farklilik
saptanmugtir (p<0.05). 3 cm’lik tiimor ve 2.5 cmlik kesit
alan1 i¢in her iki akciger max icin uygulanan SBRT ve
IMRT teknikleri arasinda SBRT lehine anlamli farklilik
saptanmugtir (p<<0.05) (Tablo 2).

5 em’lik timor ve 5 cm’lik kesit alaninda Mann Whitney
U testi sonucunda PTV max i¢in SBRT ve IMRT teknikleri
arasinda SBRT lehine anlamli farklilik saptanmigtir
(p<0.05). 5 em’lik timér ve 5 cm’lik kesit alani i¢in her
iki akciger max i¢in uygulanan SBRT ve IMRT teknikleri
arasinda SBRT lehine anlamli farklilik saptanmigtir
(p<0.05) (Tablo 3).

Calisma Kosta dozu agisindan degerlendirildiginde 1
cm’lik tiimor boyutunda kullanilan 1 cm’lik jaw igin
2.5 em’lik ve 5 cm’lik sirastyla Kosta max ( p=0.95,
p=0.95, p=0.95) Kosta ortalama (p=1.0, p=0.85, p=0.75)
ve Kosta V5 (p=0.90, p=0.75, p=0.95) bulunmustur ve
yapilan istatistiksel analiz sonucunda anlamli bir farklilik
bulunamamustir (p>0.05).
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Caligmamizda kalp i¢in elde edilen bulgularda 1 cm’lik
timor boyutunda kullanilan 1 cm’lik jaw igin 2.5 cm’
lik ve 5 cm’lik swrasiyla Kalp max ( p=0.95, p=0.41,
p=0.65) Kalp ortalama (p=0.90, p=0.75, p=0.95) ve
Kalp V5 (p=0.85, p=0.75, p=0.65) bulunmustur ve
yapilan istatistiksel analiz sonucunda anlamli bir farklilik
bulunamamustir (p>0.05).

Calismamizda 6zefagus igin elde edilen bulgularda 1
cm’lik timor boyutunda kullanilan 1 cm’lik jaw igin
2.5 em’lik ve 5 cm’lik sirasiyla 6zefagus max ( p=0.48,
p=0.75, p=0.85) 6zefagus mean (p=0.65, p=0.85, p=0.96)
ve 6zefagus V5 (p=0.75, p=0.85, p=0.95) bulunmustur ve
yapilan istatistiksel analiz sonucunda anlamli bir farklilik
bulunamamuistir (p>0.05).

Calismamizda medulla i¢in elde edilen bulgularda 1 cm’
lik timdr boyutunda kullanilan 1 cm’lik jaw i¢in 2.5 cm’
lik ve 5 em’ lik sirastyla medulla max (p=0.65, p=0.65,
p=0.85) medulla ortalama (p=0.85, p=0.57, p=0.90) ve
medulla V5 (p=1.00, p=0.44, p=1.00) bulunmustur ve
yapilan istatistiksel analiz sonucunda anlamli bir farklilik
bulunamamustir (p>0.05).



Ates

Tablo 3: PTV max, PTV D95, her iki akciger max, ortalama ve siirenin 5 cm’lik tiimor boyutunda 5 cm jaw kullanilarak
elde edilen doz degerlerinin ortalama, standart sapmalari,minimum, maksimum ve p degerleri.

Mean-  Sum of .
Rank Ranks X SS Min Max M-U p
SBRT 11.00 77.00
PTV max 70.13 7.14 61.79  77.94 0.00 0.00*
IMRT 4.00 28.00
PTV SBRT 5.29 37.00
58.57 2.13 53.05 60.82 9.00 0.05
D95 IMRT 9.71 68.00
SBRT 11.00 77.00
Her iki Akciger Max 70.14 7.12 61.99 77.94 0.00 0.00*
IMRT 4.00 28.00
. . SBRT 5.43 38.00
Her Iki Akciger Ortalama 8.88 1.92 3.68 11.35  10.00 0.06
IMRT 9.57 67.00
SBRT 7.71 54.00
Siire 595.53 104.24 434.00 809.30 23.00 0.85
IMRT 7.29 51.00

SBRT: Stereotaktik Beden Radyoterapisi, IMRT: Yogunluk Ayarli Radyoterapi, SS: Standart Sapma, M-U: Mann Whitney U, PTV: Planlanan Hede

Hacim.

Calismamizda tedavi siireleri i¢in elde edilen bulgularda
I em’ lik tiimoér boyutunda kullanilan 1 em’lik jaw igin
2.5 em’lik ve 5 ecm’lik sirasiyla siire (p=0.048, p=0.28,
p=0.95) bulunmustur ve yapilan istatistiksel analiz
sonucunda 1 cm’lik jaw i¢in IMRT lehine anlamli bir
farklilik bulunmustur (p<0.05). Kullanilan 2.5 ve 5 cm’lik
jaw alanlarinda anlamli bir farklilik bulunamamistir
(p>0.05).

3 cm’lik timor boyutunda kullanilan 1 cm’lik jaw i¢in 2.5
cm’lik ve 5 cm’lik sirastyla siire (p=0.14, p=0.48, p=0.65)
bulunmustur ve yapilan istatistiksel analiz sonucunda
anlaml bir farklilik bulunamamistir (p>0.05). 5 cm’lik
timor boyutunda kullanilan 1 cm’lik jaw i¢in 2.5 cm’lik
ve 5 cm’lik sirastyla siire (p=0.48, p=0.95, p=0.85)
bulunmustur ve yapilan istatistiksel analiz sonucunda
anlamli bir farklilik bulunamamistir (p>0.05).
Calismamizda 3 cm‘lik timdr boyutunda ve 5 cm’lik
timor boyutunda yapilan istatistiksel analiz sonucunda
kritik organlarda (her iki akciger hari¢) anlamli bir farklilik
olmadig1 saptanmaigstir.

TARTISMA

Radyoterapinin amaci hedef hacime miimkiin olan
maksimum dozun verilebilmesi ve kritik organlarin
korunabilmesidir. Radyoterapinin uygulanmaya baslandig1
ilk giinden bu yana yeni teknikler gelistirilmektedir
(12,13). Radyoterapi tekniginin gelismis ydntemi olan
SBRT ve IMRT teknikleri, hedef tizerindeki keskin
doz distisiiyle saglikli dokularin ¢ok iyi korunmasini
saglamaktadir. (14). SBRT teknigi 5 veya 5’ten kiigiik
fraksiyonlarda yiiksek dozlar icin kullanilmaktadir ve
tedavi fraksiyon basina yiiksek dozlar icerdiginden
birka¢ fraksiyon halinde verilmektedir. IMRT teknigi
ise yogunluk farkliliklar1 olusturulmus farkli agilardan
1s1nlama yaparken doz dagilimini ve hedef hacim dozunu
daha iyi kontrol edebilmektedir (15,16). Bu caligmada
akciger kanseri tanis1 almis 7 hasta secilerek tomoterapi
cihazinda iki farkli teknik kullanilarak elde edilen
doz dagilimlarinin ve c¢evre dozlarin karsilastiriimasi
amaclanmistir. Bunun i¢in her bir hastada tiimor boyutlari
1 ecm, 3 cm ve 5 cm olacak sekilde BT planinda ¢izilip

tomoterapi planlama cihazina aktarilmistir. Ayni1 zamanda
tomoterapi cihazinin kesit (jaw) alani 1 cm, 2.5 cm ve 5
cm olarak her bir tiimér boyutunda denenip bu vakalar
icin hem SBRT teknigi hem de IMRT teknigi kullanilarak
planlamalar yapilmisti. Tedavi planlamalarindan doz
hacim histogramlari elde edilmistir ve bu histogramlardan
hedef ve kritik organlarin aldig1 dozlar ve bu dozlar1 alan
hacimleri belirlenmistir. Caligmanin asil amaci; SBRT ve
IMRT tekniklerinin karsilagtirilmasinin sonucunda, tiimdre
verilen dozun hangi teknikle daha iyi sonuclar verdigini
ve tiimoriin ¢evresinde bulunan kritik organlarin (kalp,
kosta, medulla, 6zefagus, her iki akciger) aldiklar1 dozlar;
hangi teknikle, daha iyi sonuclar verdigini saptamaktir.
Caligmada akciger kanserli 7 tane hasta verisi kullanilarak
timor boyutlar1 ve jaw alanlar1 degistirilerek, her iki
teknikte de tedavi planlar1 olusturulmustur. Bu tedavi
planlarinda, PTV’ye tanimlanan dozun %951 saglanirken,
kritik organlarin da mimkiin oldugunca korunmasi
planlanmistir. Planlamalarda; 6 MV x-151n enerjisine sahip
cihazin, SBRT ve IMRT tekniklerinde akcigere (PTV ye)
60 Gy/3 fraksiyon olmak iizere toplam doz tanimlanarak
sanal RT planlart olusturulmustur. Calismada SBRT ve
IMRT tiim planlamalarda, kesit genisligi sirasiyla 1 cm,
2.5 cm ve 5 cm ve modiilasyon faktorii 1.8 kullanilmigtir.
Pitch faktorii ise SBRT’de 0.100 ve IMRT de 0.287’dir.
Yapilan calismada 1 cm’lik tiimér boyutu igin kullanilan 1
cm’lik, 2.5 cm’lik ve 5 cm’lik jaw alanlarinda hedef hacim
PTV max ve PTV D95 icin elde edilen bulgularda SBRT
tekniginin daha iyi sonuglar verdigi sonucuna ulasilmistir.
3 cm’lik timdr boyutunda kullanilan 1 em’lik, 2.5 cm’lik
ve 5 cm’lik jaw alanlarinda hedef hacim PTV max igin
elde edilen bulgularda SBRT lehine anlamli bir farklilik
saptanmistir (p<0.05). 5 cm’lik timor boyutunda ise
kullanilan 1 cm’lik, 2.5 cm’lik ve 5 cm’lik jaw alanlarinda
hedef hacim PTV max i¢in elde edilen bulgularda SBRT
lehine anlaml1 bir farklilik saptanmustir (p<0.05).

Andrea Holt ve arkadaglarimin yapmis olduklar
calismada 27 akciger kanserli olgunun tedavisinde SBRT
tekniginin IMRT teknigine gore daha iyi sonuglar verdigi
gozlemlenmistir. Gregory Videtic ve arkadaslarmin
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yaptigi ¢calismada 26 akciger kanserli hastada uygulanan
SBRT tekniginin miikemmel lokal kontrol sagladigi
gozlemlenmistir (17). Ashleigh Weyh ve arkadaslarinin
yapmis olduklart ¢alismalarinda SBRT tekniginin IMRT
teknigine gore dozimetrik olarak daha iyi performans
gosterdigi kanitlanmistir (18,19). Yaptigimiz calismada
da bu yapilan ¢alismalar gibi 6zellikle PTV max ve her

iki akciger dozlarinda SBRT’nin daha olumlu etkilerinin
oldugu soncuna varilmistir. Yapilan ¢aligmada her iki
teknikte kritik organlari korumustur fakat hedef hacim ve
her iki akciger a¢isindan SBRT daha iyi sonuglar vermistir.
Diger kritik organ dozlar1 agisindan her iki teknikte benzer
sonuglar vermistir.

Cikar Catismasi: Yazar ¢ikar catigmasi olmadigini beyan eder.
Etik: Istanbul Aydin Universitesi Girisimsel Olmayan Klinik Arastirmalar Etik Kurulu (23.12.2020 - 2020/317)
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ABSTRACT

Objective: We aimed to investigate the effectiveness of quick Sequential Organ Failure Assessment (gSOFA),
Multinational Association for Supportive Care in Cancer (MASCC), and Clinical Index of Stable Febrile
Neutropenia (CISNE) scores in identifying the low-risk febrile neutropenia (FN) patients among patients with
chemotherapy-associated neutropenia in the emergency department setting.

Material and Method: The risk scores of the patients were calculated and divided into low-risk and high-risk
categories according to the guidelines. Serious complications and 30-day mortality were recorded. Patients who
survived and did not develop any serious complications were defined as low-risk FN.

Results: The median age of the patients was 63 years, and 56.3% were male. Of all patients, 50.6% had
hematological malignancy. Blood culture positivity was detected in 31% of the patients. Of all patients, 51
(58.6%) were low-risk FN. The complication rate in patients was 40.2%, while the mortality rate was 25.3%.
When evaluated according to the risk scores, 69 (79.3%) patients with gSOFA, 40 (46%) patients with MASCC
and 7 (8.1%) patients with CISNE were classified as low-risk. The gSOFA score had the highest sensitivity with
96.08%, MASCC had the highest PPV with 85%, and the CISNE score had the highest specificity with 88.89% in
patients with low-risk febrile neutropenia.

Conclusion: MASCC, CISNE and qSOFA scores have reasonable discriminating power in identifying low-risk
neutropenia patients. The combined use of scoring systems with the clinical gestalt and communication with
oncologists will further increase the percentage of the recognized low-risk neutropenic patients in the emergency
department.

OZET

Amag: Acil servis ortaminda qSOFA (quick Sequential Organ Failure Assessment)) MASCC (Multinational
Association for Supportive Care in Cancer) ve CISNE (Clinical Index of Stable Febrile Neutropenia) skorlarinin
diigtik riskli febril nétropeni (FN) hastalarimin belirlemedeki etkinligini ve kullanilabilirligini arastirmayt
amagladik.

Gere¢ ve Yontem: Hastalarin risk skorlart hesaplanarak kilavuzlara gore diisiik riskli ve yiiksek riskli
kategorilerine ayrildi. Ciddi komplikasyonlar ve 30 giinliik mortalite kaydedildi. Hayatta kalan veya ciddi
komplikasyon gelismeyen hastalar diisiik riskli FN olarak tanimlandi.

Bulgular: Hastalarin ortanca yasi 63 yil olup, %56,3"ii erkekti. Tiim hastalarin %50,6 sinda hematolojik
malignite vardi. Hastalarin %31’inde kan kiiltiivii pozitifligi saptandi. Tiim hastalarin 51°i (%58,6) diisiik
riskli FN idi. Hastalarda komplikasyon orant %40,2 ve mortalite orani ise %25,3 idi. Risk skorlarina gére
degerlendirildiginde gSOFA skoruna, MASCC skoruna ve CISNE skoruna gére sirast ile 69 (%79,3), 40 (%46)
ve 7 (%8,1) hasta diisiik riskli olarak simiflandirildi. Diisiik riskli febril notropenili hastalarinda gSOFA skoru
296,08 ile en yiiksek duyarliiga, MASCC %385 ile en yiiksek PPV ’ye ve CISNE skoru %388,89 ile en yiiksek
ozgiilliige sahipti.

Sonu¢: MASCC, CISNE ve qSOFA skorlarimin diigiik riskli notropeni hastalarini belirlemede makul bir ayirt
edici giicii vardwr. Skorlama sistemlerinin klinik tecriibe ve onkologlarla iletigim ile birlikte kullanilmasi, acil
serviste diisiik riskli notropeni hastalarinin taminwrhiliginin yiizdesini daha da artiracaktir.
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qSOFA,
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INTRODUCTION

Febrile neutropenia (FN) is an important and life-
threatening oncological emergency that requires
hospitalization and broad-spectrum antibiotic treatment
(1). Infectious Diseases Society of America (IDSA)
defined FN: Oral temperature measurement higher than
>38.3 C° in a single measurement or persistence at >38° C
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for at least one hour. Absolute neutrophil count <500 cells/
microL, or anticipate this decrease within 48 hours (2). Its
mortality is 5-11%, and this rate increases up to 18% in
the presence of bacteremia (3). However, not all patients
with FN need to be hospitalized. The studies have shown
that outpatient treatment of low-risk groups with broad-
spectrum oral antibiotics can be followed as it is both safe
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and cost effective (4-7).

Accordingly, risk stratification methods for outpatient
treatments have been developed. In 2000, the on-set
of clinical instability, age, and comorbidity decided by
Multinational Association for Supportive Care in Cancer
(MASCC) was approved (8). In 2015, the Clinical Index
of Stable Febrile Neutropenia (CISNE) score, which has
been used in solid malignancies and is currently under
evaluation in hematological malignancies, was developed.
The CISNE score is based on clinical instability,
laboratory data, and comorbid conditions (9). In addition,
the Society of Critical Care Medicine (SCCM) and the
European Society of Intensive Care Medicine (ESICM)
2016 described a simpler method called “quick SOFA
(qSOFA)” for the prediction of early mortality in sepsis.
qSOFA consisted of the following three elements:
Respiratory rate >22/min, Change in mental status, and
Systolic blood pressure <100 mmHg (10).

In our study, we aimed to investigate the effectiveness of
qSOFA, MASCC and CISNE scores in identifying the
low-risk FN patients among patients with chemotherapy-
associated FN in the emergency department (ED) setting.
MATERIAL AND METHOD

Study design

This single-centered retrospective study was performed
at the ED of university hospital which has 60,000 ED
applications annually. Data were collected from hospital
database between January 01, 2017, and January OI,
2020. The ethics committee approval was obtained (Date:

Table 1: Demographic characteristics of the patients

Age, median (min-max) 63 (28-79)
Gender, n (%)
Male 49 (56.3)
Female 38 (43.7)
Tumor Type, n (%)
Solid 43 (49.4)
Hematologic 44 (50.6)
Bacteremia, n (%) 27 (31
Risk Classification and
Categories, n (%)
qSOFA
Low-risk (0-1) 69 (79.3)
High-risk (2-3) 18 (20.7)
MASCC
Low-risk >21 40 (46)
High-risk <21 47 (54)
CISNE
Low-risk (0-1) 18 (20.7)
High-risk (>2) 69 (70.3)
Outcome, n (%)
Complication 35(40.2)
Mortality 22 (25.3)

qSOFA: quick Sequential Organ Failure Assessment, MASCC:
Multinational Association for Supportive Care in Cancer, CISNE:
Clinical Index of Stable Febrile Neutropenia
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February 14, 2020 and no: 26547).

Study protocol and selection of patients

Files of 102 patients with neutropenia were scanned.
Fifteen patients were excluded from the study due to the
absence of fever, diagnosis of acute leucosis, and unrelated
chemotherapy. The IDSA criteria were used for diagnosis
of chemotherapy-associated FN. Total of 87 patients who
met criteria for FN were included in the study. Basic
characteristics of the patients such as age, gender, type of
malignancy, and outcomes were recorded.

The risk scores of the patients were calculated at the ED
admission. The risk scores divided into low and high-risk
categories according to the guidelines. Zero and 1 points
were considered as low risk, and 2 and 3 points were
considered as high risk for the gSOFA score. MASSC
score >21 points was consid-ered as low risk and score
<21 was high risk. CISNE scores were divided into 3
categories: CISNE I was considered as low risk (0 points),
CISNE II as medium risk (1-2 points), and CISNE III as
high risk (3 points). In the calculations, CISNE score 0
and 1 was accepted as low risk and >2 as high risk.
Patient who had one of any complications or died in 30
day of admission accepted as high-risk FN. Seri-ous
complications were altered mental status, respiratory
failure, organ failure, hypotension, arrhythmias that
require intervention, and intensive care unit admission.
Patients who survived or did not develop any serious
complications were defined as low risk FN.

Statistical analysis

Statistical analysis was performed with the IBM SPSS
statistics 21 software program for Windows (IBM Corp.
Armonk, NY: USA. Released 2012). Frequency (n, %),
median, minimum-maximum (min-max) values, and Chi-
square test were used in the analysis of the data. In low-
risk prediction analysis, standard sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV), positive likelihood ratio (LR+) and negative
likelihood ratio (LR-) were calculated. In addition,
gSOFA, MASCC and CISNE scores were measured with
the area under the receiver operating characteristic curve
(AUROC). P value <0,05 was accepted as statistically
significant.

RESULTS

The median age of the patients was 63 years, and 56.3%
were male. Of all patients, 50.6% had hematological
malignancy. Blood culture positivity was detected in 31%
of the patients. Of all patients, 51 (58.6%) were low-risk
FN. The complication rate in patients was 40.2%, while
the mortality rate was 25.3%. When evaluated according
to the risk scores, 69 (79.3%) patients with qSOFA, 40
(46%) patients with MASCC and 7 (8.1%) patients with
CISNE were classified as low risk (Table 1).

When the risk categories were compared in cases of
complications and mortality, qQSOFA and MASCC scores
were found to be significantly different in both, while the
CISNE score was found to be significantly different only
in the case of complications (Table 2).

While the qSOFA score had the highest sensitivity with
96.08% (86.54%-99.52%), MASCC had the highest PPV
with 85% (72.69%-92.35%), and the CISNE score had
the highest specificity with 88.89% (73.94%-96.89%) in
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Table 2: Comparison of risk categories for complications and mortality.

None, n (%) Yes, n (%) P
Complication 52 (58.8) 35 (40.2)
gSOFA, low-risk ( 0-1) 50 (96.2) 19 (54.3) <0.001
gSOFA, high-risk (2-3) 2(3.8) 16 (45.7)
MASCC, low-risk (>21) 35(67.3) 5(14.3) <0.001
MASC, high-risk <21 17 (32.7) 30 (85.7)
CISNE, low-risk (0-1) 15 (28.8) 3 (8.6) 0.030
CISNE, high-risk (>2) 37(91.4) 32(71.2)
Mortality 65 (74.7) 22 (25.3)
gSOFA, low-risk (0-1) 58 (89.2) 11 (50) <0.001
gSOFA, high-risk (2-3) 7 (10.8) 11 (50)
MASCC, low-risk (>21) 36 (55.4) 4 (18.2) 0,003
MASCC, high-risk (<21) 29 (44.6) 18 (81.8)
CISNE, low-risk (0-1) 14 (21.5) 4(18.2) )
CISNE, high-risk (>2) 51(78.5) 18 (81.8)

qSOFA: quick Sequential Organ Failure Assessment, MASCC: State Association for Supportive Care in Cancer, CISNE: Clinical Index of Stable Febrile

Neutropenia

Table 3: Analysis of scoring systems in identifying low-risk febril neutropenia patients.

NPV LR+ LR-

Sensitivity Specificity PPV
qSOFA 96.08 (86.54-99.52) 44.44 (27.94-61.90) 71.01 (64.54-76.74) 88.89 (66.21-97.03)
MASCC 66.67 (52.08-79.24) 83.33 (67.19-93.63) 85.00 (72.69-92.35) 63.83 (53.82-72.76)
CISNE 27.45 (15..9-41.77)

88.89 (73.94-96.89) 77.78 (55.64-90.74) 46.38 (41.34-51.48)

1.73 (1.28-2.33)
4.00 (1.88-8.52)
2.47 (0.89-6.89)

0.09 (0.02-0.37)
0.40 (0.26-0.61)
0.82 (0.67-1.01)

qSOFA: quick Sequential Organ Failure Assessment, MASCC: Multinational Association for Supportive Care in Cancer, CISNE: Clinical Index of Stable
Febrile Neutropenia, PPV: positive predictive value, NPV: negative predictive value, LR +: positive likelihood ratio, LR-: negative likelihood ratio

Table 4: AUROC values of risk scores in patients with low-risk febrile neutropenia.

AUROC 95% CI p
Complication
qSOFA 0.762 0.652-0.872 <0.001
MASCC 0.857 0.776-0.938 <0.001
CISNE 0.752 0.647-0.857 <0.001
Mortality
qSOFA 0.695 0.553-0.837 0.006
MASCC 0.747 0.634-0.859 0.001
CISNE 0.686 0.540-0.833 0.009

qSOFA: quick Sequential Organ Failure Assessment, MASCC: Multinational Association for Supportive Care in Cancer, CISNE: Clinical Index of
Stable Febrile Neutropenia, AUROC: the area under the receiver operating characteristic curve, CI: confidence interval

patients with low risk FN (Table 3).

In general, MASCC score (AUC for complication 0.857,
95% CI 0.776-0.938 and AUC for mortality 0.747, 95%
CI 0.634-0.859) had higher discriminable power for low-
risk patients than qSOFA and CISNE scores (Table 4).
DISCUSSION

Nowadays, the number of cancer patients requiring
emergency room admissions due to complications are
gradually increasing; they constitute 2-5% of emergency
room admissions (11,12). Since the patients’ length of
stay in the ED for hospitalization is increasing, early
recognition and outpatient treatment for patients with

120

FN will be beneficial. In our study, although the qSOFA,
MASCC and CISNE scores have different sensitivity,
specificity, PPV and NPV values in identifying low-risk
FN patients, have an overall reasonable discriminating
power.

The qSOFA is a scoring system with a performance
equivalent to Sequential Organ Failure Assessment
(SOFA) score in predicting prognosis of patients with
sepsis. In addition, the low number of criteria provides
ease of use in the ED (13). Studies have shown that
gSOFA helps in making a fast and accurate decision in
predicting the poor prognosis of patients with FN (14).
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In studies conducted with FN patients in intensive care,
the AUC value was found to be 0.651 (95% CI 0.513-
0.789), which is lower than MASCC, and it was found to
be an important predictor in terms of mortality and length
of stay in intensive care (15,16). However, to the best of
our knowledge, there are no studies that identify low-risk
FN patients with qSOFA. In our study, the sensitivity of
gSOFA score in low-risk FN patients was 96.08%, which
was higher than that of others. However, its specificity
was lower than that of others with 44.44% and indicating
that it will be more beneficial to use it with others rather
then using it alone.

The MASCC score was originally developed to identify
low-risk patients and has been used for over 20 years.
Studies have reported the sensitivity of MASCC score
to be over 90% and specificity to be around 50-60%.
However, the AUROC of MASCC score was found high
in the identification of low-risk FN (8,15,17-20). In our
study, although the sensitivity of qSOFA score and the
specificity of CISNE score were higher than the MASCC
score, the AUROC value of the MASCC score was the
highest in identifying low-risk FN patients. The difference
between sensitivity and specificity of the MASCC score
is relatively lower than that of others, making this score
valuable in identifying low-risk FN patients.

On the other hand, CISNE score was developed for the

prediction of major complications in patients with solid
tumors. The specificity of CISNE score was found over
90%, and its sensitivity was found to be around 10-30%
in studies performed to identify low-risk FN patients. In
addition, the specificity for identifying low risk was found
to be over 90% in patients with hematological malignancies
(17-20). In our study in which hematological malignancies
were equal, the high specificity of the CISNE score was
97.14% in identifying low-risk FN patients. This scoring
system is valuable in emergency room conditions.

The limitations of our study included it being a single-
center study, retrospective nature and small number of
patients.

CONCLUSION

As a result, MASCC, CISNE and qSOFA scores have
reasonable discriminating power in identifying low-risk
FN patients. The combined use of scoring systems with
the clinical gestalt and communication with oncologists
will further increase the percentage of the recognized
low-risk FN patients in the ED. In addition, we think that
the increase in the percentage of patients to be treated in
an outpatient setting with the correct diagnosis will be
beneficial in preventing the ED crowd and decreasing
unnecessary hospitalizations and complications that may
develop during the waiting period.
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ABSTRACT

Objective: Acute pulmonary embolism (APE) is a highly fatal acute clinical condition. Herein, we aimed to
determine the role of blood parameters in the diagnosis and prognostication of APE.

Material and Method: This study was conducted retrospectively on patients who had been admitted to our
hospital’s emergency department (ED) and diagnosed with APE. Patients with an RV/LV ratio greater than
0,9 on Computed tomography (CT) and hypotension were grouped as massive APE; patients with stable
hemodynamics and an RV/LV ratio greater than 0,9 on CT were defined as submissive APE; and patients with
stable hemodynamics and an RV/LV ratio smaller than 0,9 on CT were defined as non-massive APE.

Results: This study enrolled a total of 200 patients, 82 of which were male (41%) and 118 were female (59%). APE
group had a significantly greater D-dimer level than the control group (3.559,5+8.611.3 ng/ml vs 266.6+266.6
ng/ml) (p<0,001). Troponin I levels significantly greater in the patient group than control group (53.3£90 vs
332.9432,9) (p= 0.013).

Conclusion: Analysis of the hematological parameters between the APE subgroups showed that D-Dimer,
leukocyte (WBC), neutrophil, lymphocyte, neutrophil to lymphocyte ratio (NLR), and troponin levels were
significantly higher in the massive APE group than the sub-massive and non-massive APE groups.

OZET

Amag: Akut pulmoner emboli (APE), olduk¢a oliimciil bir akut klinik durumdur. Burada APE nin tani ve
prognozunda kan parametrelerinin roliinii belirlemeyi amagladik.

Gereg ve Yontem: Bu ¢calisma hastanemizin Acil Servisine (AS) basvuran ve APE tanisi konulan hastalar tizerinde
geriye doniik olarak yapild1. Bilgisayarli tomografi (BT) 'de RV /LV orami 0.9 dan biiyiik ve hipotansiyonu olan
hastalar masif APE; BT’de RV / LV oram 0,9 dan biiyiik olan ve stabil hemodinamik sahip hastalar submasif
APE; BT’de RV / LV oram 0,9 dan kiigiik ve hemodinamisi stabil olan hastalar masif olmayan APE olarak
smiflandirilds.

Bulgular: Bu ¢alismaya 82si erkek (%41), 118°i kadin (%59) olmak iizere toplam 200 hasta alindi. Hasta
ve kontrol grubunun yas ortalamasi sirasiyla 65,2 + 17,1 ve 60,5 + 60,5 yildi. APE grubu, kontrol grubuna
gore anlamli olarak daha yiiksek D-dimer diizeyine sahipti (3559,5+8611,3 ng/ml’ye karst 266,6+266,6 ng/ml)
(p<0,001). Troponin I diizeyleri hasta grubunda anlaml olarak daha yiiksekti (53,3+90°a kars1 332,9+32,9) (p=
0,013).

Sonug¢: Hematolojik parametrelerin APE alt gruplar: arasindaki analizi, masif APE grubunda D-Dimer; lokosit
(WBC), notrofil, lenfosit, notrofil / lenfosit orant (NLR) ve troponin diizeylerinin sub-masif APE ve masif olmayan
APE grubuna gore anlamli olarak daha yiiksek oldugunu gosterdi.

Keywords:

Acute pulmonary embolism
Hematological parameters
Emergency Department
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INTRODUCTION

Despite the fact that acute pulmonary embilism (APE)
may have an asymptomatic course depending on the size
and extent of pulmonary embolism, is potentially a life-
threatening event that may culminate into sudden death.
The most common source of a pulmonary embolus is the
deep veins of the leg (1). Whereas APE is rarely seen in
ambulatory individuals free of any risk factor, coagulation
abnormalities, intravascular blood stasis, turbulence, and
endothelial dysfunction increase its risk (2).
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Since APE is potentially fatal, it is crucial to diagnose
and manage it in a timely manner. Its diagnosis and
severity sometimes need to be verified by further tests
and studies. Utilization of a number of easy-to-use and
simple parameters and indices derived from simple and
readily available blood studies has recently attracted
attention. These may include cardiovascular biomarkers
(brain natriuretic peptide, cardiac troponin I or T, high
sensitivity troponin T, heart-type fatty acid-binding
protein) or hematological markers derived from blood
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counts (3). It has been shown that most of the parameters
are actually related to APE diagnosis, its severity, and
its clinical presentation. However, it is unknown which
hematological parameter has the greatest diagnostic
importance in determining the clinical severity of APE.
Hence, this study aimed to determine hematological
parameters that are important for diagnosing APE and
determining its severity.

MATERIAL AND METHOD

Study population

After it was approved by Health Sciences University
Antalya Training and Research Hospital Ethics
Committee (05.09.2017-12/14), our study was conducted
retrospectively on patients who had been admitted to our
hospital’s emergency department (ED) and diagnosed
with APE. The medical data of the patients were accessed
through written medical records of the patients and
hospital electronic information management system. A
standardized “Study Form” was designed for the study,
and after the patients’ data were recorded on that form,
they were transferred to a digital medium. Demographic
information such as age and sex, admission symptoms,
comorbidities, vital signs, hemogram and biochemistry
tests, treatment regimens, rates of hospital admission/
discharge from ED, and mortality rate were recorded and
analyzed in all patients. In addition to APE patients with
missing clinical or biochemical data, we also excluded
patients with documented heart failure or right and/or left
ventricular dysfunction, intracardiac thrombus, pericardial
effusion with tamponade, severe pleural effusion, active
infection, nephrotic syndrome, acute kidney failure or
liver failure, cancer, severe thyroid dysfunction or any
other endocrine disorder with hemodynamic disturbances,
and any condition deranging hemodynamics, such as
severe sepsis or septic shock, major trauma, major surgical
procedures, and mechanical ventilation.

Blood samples of all patients were examined using kits

Figure 1: RV/ LV ratio (taken from an actual patient)

of the same brand in the same laboratory. Erythrocyte,
Platelets (PLT), WBC, and other parameters obtained
from full blood count was quantified by a Sysmex XE
2100 optic laser scatter hematology analyzer (Roche
Diagnostic, Corp., Indianapolis, IN, USA) using the
impedance method; photometric method was used to
measure hemoglobin (Hb) level. Serum C-reactive protein
(CRP) level was measured with the turbidimetric method
(Roche 24 Cobas C 501). Serum D-dimer level was
measured with (Alere Triage Meter) device, and troponin [
level with (Roche Diagnostics Elecsys 2010) immunoassay
analysis device. The normal reference values of our study
parameters were as follows: Hb (11.7-16 g/dL), WBC
count (4500-10000/mm?), PLT count (150-400 10%L),
Red Cell Distribution width (RDW) (%11.6-14.8), CRP
(0-5 mg/dL), D-dimer (0-500 ng/mL), troponin I (< 0.01
ng/mL).

CT imaging was performed with a multislice CT device
using 64x0.5 mm collimation. Contrast material was
injected with an automatic CT injector. All patients were
administered 150 ml contrast material at an injection rate
of 3.5 ml/sec. lopromide and iobitridol were used as non-
ionic contrast material. The images of all patients were
evaluated by an expert radiologist.

The patients were divided into two groups by CT
pulmonary angiography (CTA) results. Patients who
were diagnosed with APE formed the patient group, and
patients without APE formed the control group. Patients
diagnosed with APE were subdivided into three groups
by hemodynamic data and radiological imaging findings.
Right ventricle (RV) / left ventricle (LV) ratio was found
by measuring and proportioning the short axis-long axis
diameters of both ventricles in the axial plane on CT,
measuring the widest distance from the interventricular
septum to the endocardial line (Figure 1).

According to this measurement and hemodynamic data,
patients with an RV/LV ratio greater than 0.9 on CT and
hypotension were grouped as massive APE; patients with
stable hemodynamics and an RV/LV ratio greater than 0.9
on CT were defined as submissive APE; and patients with
stable hemodynamics and an RV/LV ratio smaller than 0.9
on CT were defined as non-massive APE (1).

Statistical analysis

All statistical analyses were performed using Statistical
Package for Social Sciences (SPSS) for Windows
20 (IBM SPSS Inc., Chicago, IL, USA) software.
Normality of distribution of the study variables was
tested by Kolmogorov-Smirnov test. Normally distributed
quantitative data were expressed as mean+SD and non-
normally distributed quantitative data as median (min-
max). Categorical variables were reported as number
and percentage. Risk factors of different APE types were
determined by ANOVA (posthoc multiple comparisons
performed with Bonferroni test). Categorical data were
tested using Chi-square test. p<0.05 value was accepted
for statistically significant.

RESULTS

This study enrolled a total of 200 patients, 82 of which
were male (41%) and 118 were female (59%). The mean
age of the patient and control groups were 65.2+17.1 and
60.5+60.5 years, respectively. The patient and control
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Table 1: Comparison of the hematological parameters
between the patient and control groups

analysis for D-dimer, a cut-off value of >600 had a
specificity of 87%, sensitivity of 79%, positive LR of
1.76, negative LR of 0.00, and AUC of 0.884 (p<0.001).
The comparison of the troponin I levels between the

for Troponin I had a specificity of 72.41%, sensitivity of
66.67%, positive LR of 2.42, negative LR of 0.46, and

the mean NLR level was 5.94. In the control group, on
the other hand, the lowest NLR level was 0.21 the highest

of the significantly different hematological parameters

Patients Controls p
Hb 12.5£2.2 12+12 0.047 patient and control groups showed that the patient group
HTC 39.1+8.3 36.6+£36.6 0.019 had a significantly greater troponin I level (53.3+90
PLT 236.44106 306.14306.1 0.001 vs 332.9432.9) (p= 0.013).(Table 1). According to the
results of the ROC analysis, a cut-off level of >0.022
WBC 11540 9500 0.001
Neutrophil  9.6+8.6 8.4+8.4 0.245
Lymphocyte 2.7+3.8 1.9+£1.9 0.071 AUC of 0.697 (p=0.0005). Although the lowest NLR level
NLR 59395 71920 0.687 in the patient group was 0.02 and the highest level 45.12,
MPV 8.7+1.5 8.54+8.5 0.391
RDW 16+2.7 15.9+15.9  0.797 NLR level was 63.17 and the mean NLR level was 7.19.
CRP 79.3+84.9 64.1+64.1 0.035 According to Spearman’s rho correlation analysis, there
D-Dimer 3559 5486113  266.6£266.6 <0.001 was no significant difference (p>0.05) with respect to
. ' ' i ' i NLR at a confidence level of p=0.05. The whole collection
Troponin 53.3£90.3 32.9£32.9 0.013
PT 34.2+10.2 31.7431.7 0.005 between the patient and control groups found in the ROC
PTZ 15.44+4.8 14.8+14.8 0.056 analysis were presented in figure 2.
INR 1.3+0.4 1.3£1.3 0.112

groups did not significantly differ with respect to mean
age (p=0.035). Sixty percent of the patients were female
and 40% were male while 58% of the controls were
female and 42% of them were male. The comparison of
the sex distribution between the groups with Chi-square
test revealed no significant difference (X*=0.083, sp=1,
p=0.774). The comparison between the patient and control
groups with respect to the hematological parameters
demonstrated significant differences with regard to Hb,
hematocrit (HTC), Plt count, CRP, D-Dimer, troponin;
However, there was no significant difference regarding
WBC, RDW, mean platelet volume (MPV), neutrophil,
lymphocyte and NLR (Table 1).

APE group had a significantly greater D-dimer level than
the control group (3559.5£8611.3 ng/ml vs 266.6+266.6
ng/ml) (p<0,001). According to the results of the ROC

¥ Oy

The patients were categorized into three subgroups
by hemodynamic data and radiological images, which
identified 22 patients with massive APE, 49 patients with
submassive APE, and 29 patients with non-massive APE.
According to the statistical analysis with 95% confidence
interval, mean, and standard deviation values, the massive
subgroup showed significant differences from the sub-
massive and non-massive groups in respect to systolic
blood pressure (SBP), diastolic blood pressure (DBP),
respiratory rate (RR), oxygen saturation (SO2), pulse
rate, fever, Right ventricular diameter, Left ventricular
diameter, and Right ventricle/Left ventricle ratio (p<0,05)
(Table 2).

Table 3 shows the laboratory parameters pertaining to
the APE subgroups. The massive APE subgroup had
significantly higher levels of D-dimer, WBC, neutrophil,
lymphocyte, NLR, and Troponin compared with the other
APE subgroups. The subgroups, however, were similar in
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Figure 2: ROC analysis for Hb, Htc, PIt, CRP, D-dimer, and Troponin I
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Table 2: Comparison of massive, sub-massive and non-massive APE groups regarding vital parameters and radiological

signs.
n Mean Std. Deviation 95% Confidence Interval
for Mean
Lower Upper
Bound Bound P
Massive 22 96.075 17.025 88.50 103.59
SBP Sub-massive 49 114.78 19.122 109.28 120.27 .000
Non-massive 29 121.55 24.589 112.20 130.90
Massive 22 56.32 12.830 50.63 62.01
DBP Sub-massive 49 68.69 11.406 65.42 71.97 .000
Non-massive 29 70.17 13.538 65.02 75.32
Massive 22 108.14 28.663 95.43 120.84
Pulse rate Sub-massive 49 104.27 16.485 99.53 109.00 0.031
Non-massive 29 95.41 14.234 90.00 100.83
Massive 22 19.86 2.817 18.61 21.11
RR Sub-massive 49 17.47 2.829 16.66 18.28 .000
Non-massive 29 16.24 1.766 15.57 16.91
Massive 22 86.23 7.752 82.79 89.66
S02 Sub-massive 49 93.12 4.371 91.87 94.38 .000
Non-massive 29 94.72 3.981 93.21 96.24
Massive 22 45.586 8.1952 41.953 49.220
RV diameter Sub-massive 49 40.235 5.6503 38.612 41.858 .000
Non-massive 29 34.186 7.3227 31.401 36.972
Massive 22 34.714 7.6884 31.305 38.122
LV diameter Sub-massive 49 37.118 4.6740 35.776 38.461 .000
Non-massive 29 42.597 7.2789 39.828 45.365
Massive 22 1.3672 .37486 1.2010 1.5334
RV/LV ratio Sub-massive 49 1.1011 12821 1.0643 1.1379 .000
Non-massive 29 .8013 .08232 7699 .8326

terms of Hb, Htc, Plt, RDW, MPV, and CRP.

According to the analysis results, all patients with massive
APE diagnosed in the ED were treated as in-patients while
22 patients with sub-massive APE and 19 patients with
non-massive APE were treated in the ED and discharged
afterwards. Of 41 hospitalized patients, 9 had massive
APE, nine had non-massive APE, and 23 had sub-massive
APE. Six of eight patients admitted to the intensive care
unit had massive APE, one had sub-massive APE, and one
had non-massive APE. Five patients with massive APE
died. A review of the treatment regimens administered
to the patients showed that 18 patients with massive
APE received thrombolytic therapy and four patients
received anticoagulant therapy. Forty-nine patients
with sub-massive APE were administered anticoagulant
therapy while 29 patients with non-massive APE received
symptomatic treatment.

DISCUSSION

Pulmonary embolism constitutes a frequent cause of
ED admissions (4). Since APE is a highly morbid and
potentially fatal acute emergency condition and its
presence and severity should be rapidly determined,
worldwide efforts are ongoing to find simple and readily

available parameters or markers to accomplish this goal
(5). Herein, we investigated the collective role of blood
parameters in APE, which have been previously studied
for the same purpose separately. The incidence of APE
increases with age, with the risk doubling for each 10-
year period after the age of 50. Keller et al. found a mean
age of 68.5+15.3 in 182 APE patients (6). In our study,
the mean age was 65.2+17.1 years in the patient group
and 60.5+60.5 years in the control group. The statistical
comparison of the mean age of both groups showed no
significant difference (p=0.774).

There is no definitive diagnostic laboratory marker in
APE; however, among available laboratory markers, the
most valuable one is plasma D-dimer, which can increase
up to 8 times in cases of APE. The reported sensitivity
of D-dimer levels above 500ng/ml to diagnose APE is
97-100% (7). Huang et al. compared D-dimer levels
between patients with APE and the control group, and
found significantly higher D-dimer levels in the APE
group (3.860 ng/ml vs 583 ng/ml, p<0.01) (8). Our study
demonstrated a significantly greater D-dimer level in the
APE group (3559.5 ng/ml vs 266.6 ng/ml, p<0.001). In
addition, D-dimer in our study had a sensitivity of 79%
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Table 3: Laboratory findings of study population according to subtype of APE

Hematological Std. Devia-  95% Confidence Interval
Parameters n Mean tion for Mean
Lower Upper
Bound Bound p
Massive 22 12564 2.0084 11.673 13.454
Hb Sub-massive 49 12690 2.3026 12.028 13.351 0.718
Non-massive 29 12255 2.2822 11.387 13.123
Massive 22 39.1 5.6353 8.618 19.284
HTC Sub-massive 49 36.6 7.3595 36.7901 39.013 0.720
Non-massive 29 37.6 8.3284 36.668 43.185
Massive 22 234180 122495 179.87 288.49
PLT Sub-massive 49 236240 87660 211.07 261.42 0.878
Non-massive 29 238390 123581 191.38 285.39
Massive 22 73.18 66.967 43.49 102.87
CRP Sub-massive 49 69.86 88.603 44.41 95.31 0.109
Non-massive 29 99.86 89.802 65.70 134.02
Massive 22 9871.00 15051.906 3.197.36 16.544.64
D-dimer Sub-massive 49 2261.82 5412.672 707.12 3.816.52 .000
Non-massive 29 964.24 908.167 618.79 1309..69
Massive 22 64.73 67.254 34.91 94.55
Troponin Sub-massive 49 60.80 111.561 28.75 92.84 0.002
Non-massive 29 31.93 58.531 9.67 54.19
Massive 22 14184.6 5935.9 7.718 18.184
WBC Sub-massive 49 9395.7 7159.1 36.901 41.013 <.001
Non-massive 29 9286 11328.7 35.567 44.185
Massive 22 15.282 1.8679 14.454 16.110
RDW Sub-massive 49 16.096 2.6454 15.336 16.856 0.620
Non-massive 29 16.331 3.3918 15.041 17.621
Massive 22 8.65 1.541 7.96 9.33
MPV Sub-massive 49 8.61 1.191 8.27 8.96 0.926
Non-massive 29 8.87 1.980 8.11 9.62
Massive 22 14541 15367.8 7.727 21.355
Neutrophil Sub-massive 49 8353 4954.6 6.930 9.776 0.015
Non-massive 29 7803 4289.6 6.172 9.435
Massive 22 3.13 2.018 2.23 4.02
Lymphocyte Sub-massive 49 2.19 1.624 1.72 2.66 0.050
Non-massive 29 3.34 6.584 .84 5.85
Massive 22 7.6 .66019 1.7 30.4
NLR Sub-massive 49 3.1 .54834 0.8 10.1 0.046
Non-massive 29 3.0 .55430 0.9 8.9

and a specificity of 87% for massive APE, which were
generally in accordance with the literature data.

Although troponin level does not confer a diagnostic
importance in APE, studies have linked higher troponin
levels to increased mortality (9). In a study reported by
Celik et al., troponin I level were significantly higher in
patients with APE (10). In accordance with the literature
data, our study found a higher troponin level in the patient
group (53.3 ng/mL vs 32.9 ng/mL). According to the
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results of a ROC analysis performed for this parameter,
an elevated troponin level had a specificity of 61% and a
sensitivity of 60% for APE. Although elevated troponin
level alone is not used for diagnosis or exclusion of APE,
it appears to be important for determining disease severity
and predicting its prognosis.

CRP is an acute-phase reactant that is a marker of
inflammation in the body. CRP is mainly synthesized
in the liver, but it is also produced by adipose tissue,
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endothelial cells, smooth muscle cells, and similar vascular
wall cells (11). CRP can be elevated by many conditions
such as acute and chronic inflammation, tissue necrosis,
infections, tumors, post-surgical period, and obesity (12).
Celik et al. reported a significantly higher CRP level in
patients with APE compared to controls (10). However,
according to the study by Huang et al., patients with and
without APE showed no significant difference in respect
to CRP level (8). Our study revealed a higher CRP level in
the patient group compared with the controls (79.3 mg/L
vs 64.1 mg/L). Although the literature data regarding the
relationship between CRP and APE are heterogeneous, it
can be argued based on our study results that CRP level
alone cannot be used to diagnose APE, but it is one of the
supportive laboratory parameters weakly related to APE.
Although a specific relationship between Hb and Htc
levels and APE has yet to be explained, they affect a
patient’s condition at all stages of diagnosis, treatment,
and follow-up. A study by Talay and colleagues reported
no significant difference between the APE and control
groups regarding Hb and Htc levels (13). The Hb level
of our patient and control groups were 12.5 and 12
respectively. The statistical analysis found a p-value of
0.047. The mean Htc level was 39.1 in the patients and
36.6 in the controls, with a p-value of 0.19. Accordingly,
our study indicated a significant relationship between Hb
and Htc levels and APE. However, these parameters were
not correlated to disease severity.

While many studies on the platelet count in the diagnosis
and prognosis of APE have reported a significantly
lower platelet count in patients with APE, some others
failed to demonstrate any significant difference. Huang
et al. reported that the patients diagnosed with APE and
the control group showed no significant difference with
respect to thrombocyte count (8). In our study, the patient
group had a mean thrombocyte count of 236.4, and the
control group of 306.1, with the two groups having differed
significantly with regard to this parameter (p<0.001).
According to the results of a ROC analysis performed for
thrombocyte count, the latter had a specificity of 59%, a
sensitivity of 69%, and a cut-off value of 252. Our results
suggest that although thrombocyte count cannot diagnose
PTE, it can be used as an ancillary diagnostic parameter.
RDW is a parameter found in the routine hemogram,
which shows erythrocyte heterogeneity. Reflecting the
morphology of erythrocytes, RDW is widely used for
the differential diagnosis of different types of anemia.
However, systemic inflammation, nutritional disorders,
ineffective erythropoiesis, and bone marrow dysfunction
may also cause RDW increase (14). There are literature
studies indicating increased RDW level in cardiovascular
diseases, cancer, diabetes, liver and kidney failure, and

sepsis (15). Baris et al. reported that RDW level showed
a significant increase in patients with APE compared
with the control group, with the length of hospital stay
and mortality rate having been increased significantly in
patients with increased RDW levels (16). Our study found
a mean RDW level of 16 in the patient group and 15.9 in
the control group, with the two groups being similar in
respect to RDW level.

MPV is a parameter measured by automatic hemogram
analyzers in routine hemograms, and it is one of the
principal indicators of platelet reactivity (17). Based
on the assumption that larger thrombocytes are more
thrombogenic, it reflects platelet activation by representing
their mean volume. So far, MPV has been studied in
various different disorders, where it has been gained
prominence as an independent risk factor (18,19). Elevated
MPYV has been strongly associated with acute deep venous
thrombosis (DVT) and APE in recent studies (13).Yardan
et al. reported that MPV level was significantly greater in
patients with APE and right ventricle dysfunction (20). We
found no significant difference between the MPV levels of
our patient and control groups.

Leukocytes have been implicated in the pathophysiology
of venous thrombosis due to their disruptive effects on
vascular endothelium. Hence, leukocytosis has been linked
to increased rates of venous thromboembolism, major
hemorrhage, and death (21). Afzal et al. (22) were the
first researchers that pointed to an increased WBC count
in APE. As an advance in this field, NLR in peripheral
blood has been recently focused on as an inflammatory
marker that is superior than the more simple WBC count.
It is believed that the ratio of neutrophils to lymphocytes
is increased in the presence of systemic inflammation.
Kayrak et al. (23) in a study comprising 359 APE patients,
found that NLR had a prognostic value for early mortality.
In line with literature reports, our study also revealed a
significant difference between WBC and NLR levels of
the patient and control groups (p<0,05).

CONCLUSION

The relationship between the clinical severity of APE and
blood parameters were studied in the present study. Our
study demonstrated significant differences between the
patient and control groups with regard to the blood levels
of Hb, HTC, PLT, CRP, D-Dimer, Troponin and PT, but not
regarding WBC, RDW, MPV, neutrophil, lymphocyte, and
NLR levels. However, an analysis of the hematological
parameters between the three APE subgroups, namely
massive APE, sub-massive APE, and non-massive APE,
showed that D-Dimer, WBC, neutrophil, lymphocyte,
NLR, and Troponin levels were significantly higher in
the massive APE group than the sub-massive and non-
massive APE groups.
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ABSTRACT

Objective: Blue code is a colorful code application that effectively and quickly intervenes in hospital cardiac
arrest cases. The aim of our study was to retrospectively examine blue code management and blue code
registration _forms in our hospital.

Material and Method: After receiving approval from the ethics committee of Kayseri City Hospital, the data
of 160 patients who were called for blue code between October 2019 and December 2019 were retrospectively
examined. Data of the intervention process was analyzed with the SPSS 22 package program.

Results: In 91 of them (56.9%), in-hours work time crews, transportation time to the scene was determined as 1
minute and 48 seconds on average. 69 (43.2%) of the blue code calls were found to be out of-hours work time
and teams transportation time to the scene averaged 2 minutes and 6 seconds.

Conclusion: Respect for human life, rules that must be followed legally, once again emphasizes the importance
of the blue code system. Blue code teams should use indoor navigation systems to ensure that there are no
transportation problems with the scene in large hospitals.

OZET

Amag: Mavi kod hastane igi arrest vakalarina etkili ve hizl bir sekilde miidahale eden renkli bir kod uygulamasidir:
Calismamizin amaci hastanemizde mavi kod yonetimi ve mavi kod kayit formlarinin retrospektif incelenmesidir.
Gereg ve Yontem: Kayseri Sehir Hastanesi etik kurulundan onay alindiktan sonra Ekim 2019 -Aralik 2019
tarihleri arasinda mavi kod ¢agrisi verilen 160 hastamin verileri retrospektif olarak incelendi. Miidahale
islemlerinin verileri SPSS (Statistical Package for Social Science) 22 paket programi kullanilarak analiz edildi.
Bulgular: 160 bildirimden 91 ’inde (%56,9) mesai i¢i zamanda ve ekiplerin olay yerine ulagim siireleri ortalama
1 dakika 48 saniye olarak saptandi. Mavi kod ¢agrilarinin 69 'u (%43,2) ise mesai disi zamanda ve ekiplerin olay
yerine ulasim siireleri ortalama 2 dakika 6 saniye olarak tespit edildi.

Sonug: Insan hayatina saygi, yasal olarak uyulmasi gereken kurallar mavi kod sisteminin énemini bir kez
daha vurguladi. Biiyiik hastanelerde olay yerine ulasim sorunu olmamasi i¢in mavi kod ekipleri kapali mekan
navigasyon sistemleri kullanmahdiriar.
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In-hospital cardiac arrest
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Off-hours work time

Anahtar Kelimeler:

Mavi Kod

Kardiyopulmoner Restisitasyon
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INTRODUCTION

The blue code system is the rapid and effective application
of basic life support by blue code teams to cases of cardiac
and respiratory arrest in the hospital.

As clearly stated in article 16 of the Communiqué on
“Ensuring and Protecting Patient and Employee Safety
and Protection in Health Institutions and Organizations”,
blue code teams are established within the hospital as a
team of doctors, nurses, anesthetic technicians, servants
and security personnel who make effective interventions
to individuals who are at risk in life functions.

This team is in service 24 hours a day, in and off-hours
work. CPR training of the personnel in the team is
provided by the training unit (1).

Working hours in hospitals are between 08:00 and 16:00,
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and non-working hours are applied between 16:00 and
08:00.

Blue code teams benefit from various communication
facilities such as pagers, handheld radios, radio
telephones, announcement systems with the technological
infrastructure of the hospital. With recent technological
developments, announcement systems are not actively
used because they make patients nervous, create loud
noise during rest times, cause panic within the hospital.
Blue code teams are ready with the necessary emergency
response equipment in a central location of the hospital.
The blue code process includes communication,
transportation, team coordination, effective response,
post-intervention status management and registration of
the entire system.
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Blue code system is initiated with domestic
communications number 2222 by the Ministry of Health
in order to spread the application in all institutions and
used in the national health system (2).

In any case when the call is started in our hospital, the
time coming to the pager and the time to go to the scene
and end the call are made by the blue code teams on the
registration document.

The aim of our study is to retrospectively examine the
blue code documents recorded in accordance with the
“Performance and Quality in Health Directive” service
quality standards, which came into force in 2008.

Blue code notifications, in-hours and off-hours work time
false call notification rates to blue code system, methods
for initiating a blue code call, the sexes of individuals, and
cases after a blue code call were examined.

MATERIAL AND METHOD

After the approval decision dated 28.04.2020 and number
37 was taken from Health Sciences University Kayseri
Provincial Training and Research Hospital Medical
Specialization Training Board, the registration documents
of 160 cases recorded in the blue code call between
October and December 2019 were taken retrospectively.
There are a total of 1738 control panels in the corridors
and patient rooms of our hospital, which is a large center
with 1607 beds.

Room control panel is a touch screen automation system
that initiates colourful code applications with personnel
ID cards. The information of the color code call addresses
initiated is transmitted to the radiotelephones of the teams.
In our hospital, blue code notifications are made by calling
domestic line 2222 and direct landline using room control
panels.

In the detail of the calls, in-hours work and out-of-hours
work transportation times, incorrect blue code call rates,
methods of initiating a blue code call, the genders of
individuals, and their status after the blue code call were
examined.

In the blue code registration forms, states of syncope,
hypotension, bradycardia without cardiac arrest were
recorded as incorrect calls 1t was based on forms that were
complete and accurate from the record documents kept.

3%
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Figure 1: Blue code call availability percentage value

131

Statistical Package for Social Sciences (SPSS) version
22.0 program was used for statistical analysis. Descriptive
statistics were calculated as mean + standard deviation
and percentages. Retrospective from patients included in
our study informed consent due to screening work form
not being taken.

RESULTS

In the statistical analysis, the data were obtained from
160 call notifications recorded in the blue code system
between October 2019 and December 2019.

91 (56.9%) notifications were recorded in in-hours work
time and 69 (43.2%) in out-of-hours work time. Although
the number of calls in-hours work time was high, the
number of exitus was found to be 85% more in the out-of-
hours work time. Number of patients without the need for
intervention in-hours work time 33 (64.7%) 18 (35.3%)
patients who did not need to be intervened in out off-
hours work time were found. Outpatient, blood-taking and
imaging areas are intensive in hours work time Initiation
of blue code call to cases that feel bad except cardiac
arrest cases in these units, it was given in table 1, where it
statistically increased the number of patients who did not
need intervention.

Number of calls reached at the scene in one minute or less
during working hours time 37 (58.7%) 26 at the time off
hours work (41.3%) was found.

In-hours work time, blue code teams have an average of one
minute and 48 seconds to get to the scene, transportation
times to the scene were determined as two minutes and six
seconds out-of-hours work time.

Of the 160 total calls, 101 (63.1%) were calls other than
cardiac arrest cases (syncope, hypotension, bradycardia),
there were 58 (36.2%) cases of cardiac arrest and one
(0.6%) cases of practical application (Figure 1).

In the method of transportation to the blue code teams,
103 (64.4%) cases were called on the domestic line 2222,
56 (35%) cases were called on the room control panel,
and 1 (0.6%) cases were called on the blue code office
landline. Of the 160 calls, 81 (50.6%) were male and 79
(49.4%) were female (Figure 2).

Blue code call 20 (12.5%) exitus, 28 (17.5%) transferred
to the intensive care, 25 (15.6%) observed in the clinic,
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Figure 2: Gender percentage values of individuals
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26 of (16.3%) transferred to the emergency department,
5 (3.1%) emergency surgery, 5 (3.1%) external center
dispatch. 51 (31.9%) did not require intervention (Figure
3).

Kayseri City Training and Research Hospital has a total
area of 747.859 m? including 466.379 m? closed and
281.480 m? open. 500-bed general, 273-bed gynecology
and children, 200-bed physical therapy, 100 high-security
forensic psychiatry, 120-bed psychiatry and has a total of
1607 beds, including a 414-bed cardiovascular hospital. It
serves 413 Polyclinic rooms. Adult intensive care, child
intensive care, newborn intensive care, burn intensive
care and cardiovascular surgery, including intensive care
It is the 3rd largest hospital in Turkey with a total of 253
intensive care units.

After the blue code call is initiated, the time of
transportation to the scene of the blue code teams at the
campus of such size is one minute and 48 seconds in hours
work time, it is two minutes and six seconds in out of
hours work time. In many cases, the earliest transportation
time is one minute and less, while the latest transportation
time is eight minutes.

DISCUSSION

In the blue code system, the first goal is to allow a person
to breathe with a heartbeat, which is the main life functions
(3). Determining the diagnosis of the individual at the first
stage without deterioration of the health condition will

prevent the cardiac arrest situation that may occur in the
future (4).

In our hospital, Turkey’s 3rd largest health institution,
blue code teams are on the scene in an in-hours work time
of one minute and 48 seconds, it is within the standard
goal of 0-3 minutes to reach two minutes and six seconds
in out off-hours work time. This situation was evaluated as
a success criterion when looking at the notification times
of other hospitals. It has been reported by the “American
Heart Association” (AHA) that survival rates are higher
when cardiac arrest cases are intervened under two minutes
(5). The values of the blue code studies carried out in our
country after the number, duration and blue code call are
present in table 2 (6,7,8).

Eisenberg et al. reported that the survival rate of individuals
was 43% when arrest cases were offered basic life support
in the first four minutes and advanced life support in the
next eight minutes (9). In our study, the sufficient number
of personnel, professional structures of teams, smooth
operation of the communication network showed that
success was achieved below the target time and survival
rate (87.5%) was also high.

Unnecessary call notifications are the reason for the
deterioration of team motivation and unnecessary effort
in the blue code system. Emergency responders serving
365 days, 24 hours a day reach the scene with their
equipment in the shortest way without questioning
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Figure 3: Status percentage values of individuals after blue code call
Table 1: Status of patients by working hours
In-hours Off-hours
Time Time The number of cases
08:00-16:00 16:00-08:00

Exitus 7 13 20
Transfer to intensive care 12 16 28
Observation in the clinical 12 13 25
Emergency service 22 4 26
Emergency surgery 2 3 5
External center dispatch 3 5
No need to interven 33 18 51
Total 91 25 160
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Table 2: Other studies conducted in our country

i Result

Authors Number Averag.e trans!)ortatlon ‘ esu .

time (min.) Exitus Survival
Koltka et al. (2908), Goztepe Education and 610 4.02 66% 349
Research Hospital
Canural et al. (2009), Denizli State Hospital 23 8 ? ?
Bal et al. (2010), Giresun State Hospital 137 2.17 33% 67%
Mehel et al. (2010), Carsamba State Hospital 164 1.34 38% 62%
Yilmaz et al. (2011), Siireyya Pasha Chest
and Thoracic Surgery Training and Research 65 1.81 5% 95%
Hospital
Ozutqu et al. (2014), Arnavutkoy State 295 1.10 399, 61%
Hospital

correctly or incorrectly from the moment the call falls
into the system. In this unit where seconds are important,
the indistinguishability of syncope and state change
of consciousness cases, calls initiated by unauthorized
persons, technical failures and the initiation of blue code
calls in non-urgent intubation interventions are reasons
that unnecessarily occupy the system.

Keernested et al.’s study (10) and Bayramoglu et al.’s
study, (11) registered blue code notifications 74.3% and
84.5% respectively without cardiac arrest status. In our
study, this figure was found to be 63.1%. In this regard,
all personnel should be given information about the
organization of the necessary training programs, how to
start the blue code system, how to end it, and how to not
start blue code calls except in the case of cardiac arrest.
Koltka et al. stated that the low level of survival rates of
cases initiated in the blue code was insufficient number of
personnel, lack of information of personnel facing cardiac
arrest cases, lack of emergency materials in clinics and
lack of monitoring, inability to make the necessary first
intervention (12). In our study, the high survival rate is due
to the adequate number of personnel and the application
of the professional intervention. At the same time,
emergency response materials (defibrillator, aspiration
systems, drugs, intubation materials) are available in all
units so that teams do not experience a lack of materials
when a blue code call is initiated from different units.
The brain is an oxygen-sensitive organ. In individuals
who develop a cardiac arrest condition, the cerebral cortex
begins to suffer damage if deprived of oxygen for 3-4
minutes because oxygen is not stored in the brain (13).
Fast oxygenation is very important.

The blue code team consists of a doctor, nurse, anesthetic
technician, servant and security guard. The anesthesia team
takes part in the process of protecting the respiratory tract
and ventilation of the lungs with the training it receives.
Our hospital also has anesthesiologists and technicians in
the blue code team.

Large spaces have emerged with the construction of
large-scale hospitals such as city hospitals. It is therefore
important that blue code teams are able to quickly locate
the scene.

Navigation is a system that plans to go from one point to
another quickly on the shortest path. Kayis et al. developed
navigation with a web application of building prototypes
indoors and a mobile application that can be viewed in 2D
planes. They used the fingerprint database in a positioning
algorithm to find ways indoors (14).

Ozdemir et al. with sensors such as 2G, 3G, GSM, Wi-
Fi, gyro, pedometer bluetooth, digital compass, barometer
available on mobile devices, conducted surveys to
determine the location indoors and reach the target
location (15).

It is believed that it is important for response teams to
use navigation technology indoors to get to the scene as
soon as possible. In the literature review, there is a lack
of information about the status of individuals who have
started blue code after referral to the external center. This
deficiency is 49.5% in the study of Cakirca et al. (16),
Saglam et al.’s study of 2.7% (17). Incesu et al. conducted
by, it was found to be 15.5 % (18). In our study, this value
is 3.1%.

The lack of information about the condition of individuals
leads to misleading values in quality data and the lack of
statistics in the study.

CONCLUSION

In such a large hospital, it was evaluated as successful
to reach blue code calls below the time specified in
the literature. Our country has recently gained a great
momentum in the field of health with large architectural
structures with a large number of beds. It has been
observed that there will be problems with transportation
to the scene in institutions with large areas. In this regard,
it is believed that the expansion of indoor navigation
systems will provide ease of transportation. Furter studies
on this field are needed.
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Evaluation of Patients That Apply Emergency Medicine Clinic with Carbon

Monoxide Intoxication

Karbonmonoksit Zehirlenmesi Nedeniyle Acil Tip Klinigine Bagvuran Hastalarin

Degerlendirilmesi
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ABSTRACT

Objective: Identification of the patients applying to the emergency medicine clinic with carbon monoxide (CO)
poisoning and determination of treatment modalities.

Material and Method: The adult patients, that applied to Emergency Clinic with different reasons and diagnosed
as CO poisoning, on February 2014 are included in this study. Patients are analized according to their age,
complaints at the time of application, the type and time of their application, the source of their poisoning, lab test
results and treatment types.

Results: Our study included 32 CO intoxicated patients. The mean age of the patients was 37.5 + 17.8 years. 50
% of them were male. 93.75% (n: 30) of the patients applied to the emergency service between 08:00 pm and
08:00 am. The most frequent application type was with ambulance and 62.5% of patients " most common reason
of poisoning was the heater (n: 20). The most common complaints were nausea, dizziness and headache. Mean
COHb (Carboxyhemoglobin) values at the time of admission were 23.7 + 9.2 (10-48.2). Two patients did not
complete the study and all the remaining patients were discharged with healthy

Conclusion: CO poisoning is one of the most important reasons of application to the emergency clinics, especially
in wintert is an emergency situation that should be diagnosed at an earlier stage and given the lifesaving
treatment immediately.

OZET

Amag: Acil tip klinigine karbonmonoksit (CO) zehirlenmesi ile gelen hastalarin tamimlanmast ve tedavi
sekillerinin belirlenmesidir.

Gereg ve Yontem: Acil Tip Klinigi’'ne 2014 yili Subat ayi icinde ¢eyitli sebeplerle bagvurup CO zehirlenmesi
tamisi alan erigkin hastalar ¢alismaya dahil edilmistiv. Hastalar yas, cinsiyet, acil servise basvuru sekli ve saati,
zehirlenme kaynagi, bagvuru sikayetleri, laboratuar test sonuglari ve tedavi sekillerine gére incelenmigtir.
Bulgular: Calismamiza 32 CO zehirlenmesi olan hasta dahil edilmistir. Hastalarin ortalama yasi1 37,5 + 17,8
il idi. Hastalarin %50 (n:16) s1 erkek idi. Hastalarim %93,75 (n:30)’i aksam 08:00 ile sabah 08:00 saatleri
arasinda acil servise basvurmustu. En stk bagvuru sekli ambulans ile olup %62,5 (n:20) en stk zehirlenme kaynagi
kombi olarak tespit edilmistirv. En stk bagvuru sikayetleri bulanti, bag donmesi ve bas agrisi bulundu. Hastalarin
basvuru amindaki COHb (Karboksihemoglobin) degerleri ortalama 23,7 + 9.2 (10-48,2) idi. Calismayr 2 hasta
tamamlamad ve geri kalan hastalarin hepsi saghkl bir sekilde taburcu edildi.

Sonug: CO zehirlenmesi, kis aylarinda nemli bir acil servis bagvurusu nedeni olup erken donemde tani konulup
hizlica hayat kurtarict tedavisinin yapilmasi gereken acil bir durumdur.

Keywords:

Carbon monoxide intoxication
Emergency department
Carboxyhemoglobin

Anahtar Kelimeler:
Karbonmonoksit zehirlenmesi
Acil servis
Karboksihemoglobin

GIRiS

Karbonmonoksit renksiz kokusuz ve irritant olmayan bir
gaz olup karbon iceren yakitlarin tam olmayan yanmasi
sonucu ortaya ¢ikar (1). Amerika Birlesik Devletleri’ nde
yullik 15.000 hasta CO zehirlenmesi nedeniyle acil servise
basvurmaktadir. Ulkemizde de oldugu gibi gelismekte
olan iilkelerde zehirlenmelerin biiyik ¢ogunlugu
1sitma sistemlerinden kaynaklanmaktadir (2). Hastalar
genellikle nonspesifik semptomlarla basvurmakta olup
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hafif zehirlenmelerde bas agrisi, kirginlik, bulant1 gibi
viral semptomlar ile basvururken ciddi zehirlenmelerde
bilincin kaybolmasima kadar giden semptomlar ile
bagvurmaktadir (3,4). Tan1 kan gazinda COHb degerinin
yliksek bulunmasi ile konulurken tedavide normobarik
veya hiperbarik oksijen tedavisi kullanilmaktadir (5,6).
Bu calismay1 yapmaktaki amacimiz acil servise bagvuran
ve CO intoksikasyonu tanisi konulan hastalarin tanimlayici
ozellikleri ve tedavi sekillerini gozden gecirmektir.
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GEREC VE YONTEM

Calisma 15 Ocak — 15 Subat tarihleri arasinda, yillik
600.000 hasta kabiiliinin yapildigi 3.basamak acil
servis olan egitim hastanesi acil servisine bagvuran ve
karbonmonoksit zehirlenmesi tanist konulan hastalarda
prospektif, gozlemsel galisma olarak dizayn edilmistir.
Calisma oncesinde yerel etik kuruldan izin alinmistir.
Degisik semptomlar ile acil servise bagvuran ve COHb
degeri 10’un iizerinde olan hastalar CO zehirlenmesi
kabul edildi. Hastalarin yas, acil servise bagvuru sekli
ve saati, basvuru semptomlari, zehirlenme sekilleri,
geligindeki Glaskow Koma Skalas1 (GKS)’u, geliginde ve
6. saat kontrol COHb degeri ve biyokimyasal sonuglari ile
troponin degerleri, elektrokardiyografi (EKG) sonuglari,
aldiklar1 tedaviler ve sonuglari daha 6nceden hazirlanan
¢alisma formuna kaydedildi.

Kuru heparinli kangazi enjektoriine alinan vendz kanda
COHb degeri kangaz1 cihazinda (Siemens Rapidlab
1265 marka, Siemens AG, Istanbul, Tiirkiye) calisildi.
Hastalar aldiklar1 tedaviye gore normobarik oksijen
tedavisi (rezervuarli rebreathing maske ile 10 It/dk 45 dk
oksijen 15 dk dinlenme seklinde 6 saat siire ile oksijen
tedavisi uygulandi) ve hiperbarik oksijen tedavisi (2,5
atmosfer basingta %100 oksijen solutularak ) olmak iizere
ikiye ayrildi. Tedavi protokoliinii tamamlamadan ayrilan
hastalar ise tedavi red olarak kabul edildi.

Istatistiksel Yontem

Calisma verileri degerlendirilirken tanimlayici istatistikler
frekans, yiizde, normal dagilima uyan hastalarda ortalama,
standart sapma hesapland:. Siirekli degiskenlerde bagimsiz
iki grup karsilastirilmasinda Student t test kullanilmus,
normal dagilima uymayanlarda Manwithney U testi
kullanilmustir.. Arastirma verileri Statistical Package for
Social Sciences versiyon 15.0 (SPSS Inc., Chicago, IL,
United States of America) programu ile analiz edilmistir.
Sonuglar %95°lik giliven araliginda, anlamlilik p<0,05
diizeyinde degerlendirilmistir.

BULGULAR

Calismanin yapildigi 1 aylik siire igerisinde 32 CO
zehirlenmeli hasta galismaya dahil edilmistir. Hastalarin
ortalama yas1 37,5 = 17,8 yil idi. Hastalarin %50 (n:16)
st erkek idi. Hastalarin %93,75 (n:30)’i aksam 08:00 ile
sabah 08:00 saatleri arasinda acil servise bagvurmustu. En
stk bagvuru sekli ambulans ile olup %62,5 (n:20) en sik
zehirlenme kaynagi kombi olarak tespit edilmistir. (Tablo
1). En sik bagvuru sikayetleri bulanti, bas donmesi ve bas
agrist idi. (Tablo 2). Hastalarin bagvuru anindaki COHb
degerleri ortalama 23,7 + 9,2 (10-48,2) idi. Hastalarin
bagvuru anindaki biyokimyasal degerleri Tablo 3 ‘de
verilmistir.

Hastalar tedavi sekillerine gore hiperbarik ve normobarik
oksijen tedavisi olmak {izere iki gruba ayrilmis olup tedavi
sekillerine gore yas, GKS ve biyokimyasal degerleri
karsilagtirildiginda GKS, COHb ve kreatinkinaz-MB
(CKMB) degerleri gruplar arasinda farklilik gosterirken
diger degerler icin iki grup arasinda istatistiksel olarak
anlamli fark tespit edilmedi (Tablo 4). Dort hastanin
EKG’de nonspesifik ST-T degisiklikleri tespit edilmis
olup 30 hasta acil servisten saglikli sekilde taburcu
edilmis, iki hasta ise tedavi protokoliinii tamamlamadan
acil servisten ayrilmistir.
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Tablo 1: Zehirlenme kaynagina gore dagilim

Zehirlenme kaynag Say1 Yiizde
Soba 6 18,8
Kombi 20 62,5
Tiip gaz 2 6,3
Yangin 2 6,3
Diger 2 6,3
Tablo 2: Basvuru sikayetlerine gore dagilim

Basvuru sikayeti Sayr*

Bas donmesi 17
Bulanti 17
Basagrisi 21
Halsizlik 8
Kusma 5
Senkop 5
Carpmti 3
Gorme bozuklugu 2

* Bir hastada birden fazla sikayet bulunmaktadir

TARTISMA

Karbon monoksit zehirlenmesi gelismekte olan iilkelerde
goriilen onemli saglik sorunlari igerisinde yer almaktadir.
Hastalar genellikle 1sinma sistemleri kaynakli CO
zehirlenmesi ile acil servislere bagvurmaktadir. Zehirlenme
kaynagimin 1sinma sistemleri olmasi nedeniyle bagvurular
genellikle kis aylarinda meydana gelir (7). Akkose ve
arkadaslarinin (8) yaptig1 ¢alismada zehirlenme kaynagi
%80 soba olarak belirtilmistir. Caligmamiz kig ayinda
yapilmis olup hastalarin biiyiik ¢ogunlugu aksam ve
gece saatlerinde basvurmus ve zehirlenme kaynagi
olarak kombi (1sitnma sistemi) tespit edilmisti. Bu
durum gelismekte olan iilkelerdeki literature bilgisi ile
uyumludur. Hastalar acil servise ¢ok degisik semptomlar
ile bagvurabilmektedir. En sik bagvuru semptomu bas
agrisi, bulanti, kirginlik olup gogiis agris1 ¢arpinti, nefes
darlig1, letarji konfiizyon, halusinasyon, ajitasyon, karin
agrisi, ishal, idrar-gaita inkontinansi, nobet, senkop ve
koma bulgulari ile de bagvurabilmektedir (3,4, 9). Ak¢a ve
arkadaslarinin (10) yaptig1 calismada en sik semptomlar
bayilma, bas agrisi, bulanti ve kusma seklinde tespit
edilmistir. Caligmamiza dahil edilen hastalarda da en sik
semptom olarak bulanti,bag donmesi ve bag agrisi tespit
edilmigtir.

Karbonmonoksit zehirlenmesinin tanisi COHb o&l¢iimii
ile yapilmaktadir. Sigara igmeyen eriskilerde %3, sigara
icenlerde %10’un tizerindeki degerler CO intoksikasyonu
olarak degerlendirilmektedir (11). Vendz veya arteryel
kandan COHb bakildig1 geleneksel yontemlerin yaninda
pulse CO-oksimetri kullanilarak parmaktan COHb
Olciimii yapilabilmektedir. Pulse CO oksimetri ile 6l¢lim
sensitivitesi yiiksek olmasi nedeniyle acil serviste tani
amacl kullanim i¢in uygun bir teknik degildir (11,12).
Caligmamizda hastalarin tanis1 klinik bulgular sonrasi
vendz kanda COHb 6l¢iimiiniin %10’un iizerinde olmasi
ile kesinlestirilmistir. Akcal ve arkadaglarinin (10)
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Tablo 3: Bagvuru anindaki biyokimyasal veriler

2021, Volume 3 No 3

Biyokimyasal veri Ortalama Standart sapma Minimum - Maksimum
COHb 23,69 9,2 10,0 — 48,2
Troponin I 0,0097 0,01 0,00 -0,07
Ph 7,38 0,05 7,28 -7,52
Ure 31,19 9,37 15-51
Kreatinin 0,77 0,15 0,54 - 1,15
AST 29,60 14,89 10-62
ALT 27,24 25,67 8-129
CK-MB 22,53 9,77 8-49
Sodyum 139,67 3,03 131147
Potasyum 4,17 0,47 3-5,1
WBC 8,50 52 3,05-30,0
Hgb 13,31 1,5 10,9 - 16,6

COHb: Karboksithemogloblin, AST: Aspartat Aminotransteraz ALT: Alanin aminotransferaz, CK-MB: Kreatinkinaz -MB, WBC: Beyaz kan

hiicresi, Hbg: hemoglobin

Tablo 4: Tedavi sekline gore biyokimyasal degerler ve GKS

Hiperbarik OksijenTedavisi

Normobarik OksijenTedavisi

Biyokimyasal veri (n:6) (n:26) p

GKS 13,66+ 2,8 14,88+ 0,58 0,042
COHb 34,26+ 6,4 21,04+ 7,9 0,001
Troponin I 0,0072+ 0,006 0,0104+ 0,015 0,671
Ph 7,36+ 0,04 7,39+ 0,05 0,278
Ure 31,88+ 8,24 31,02+9,8 0,860
Kreatinin 0,85+ 0,21 0,75+ 0,13 0,194
AST 38+ 14,6 27,5+ 14,55 0,163
ALT 31,4+ 19,1 26,2+ 27,38 0,694
CK-MB 31,06+ 21,4 20,4+ 7,99 0,026
Na 138,8+ 1,7 139,9+ 3,29 0,451
Potasyum 3,9+ 0,69 4,2+ 0,39 0,189
WBC 9,2+2,04 8,3+5,77 0,743
Hgb 12,8 £1,27 13,44 £ 1,59 0,430

Manwhitney U test kullaniimistir.
GKS: Glaskow Koma Skalas1

cocuklarda yaptig1 bir caligmada tiim hastalarda COHb
degeri 14,9 = 10, normobarik tedavi verilen grupta 12,6
+ 9,2, hiperbarik tedavi verilen grupta 18,8+11,7 olarak
bildirilmistir. Yelken ve arkadaslarinin (13) ¢alismasinda
ise ortalama COHb degeri 26,6+10,3 tespit edilmistir.
Caligmamizda ise tiim hastalarda ortalama COHb degeri
23,749,2 tespit edilirken bu deger normobarik oksijen
tedavi grubunda 21,04+7,9, hiperbarik oksijen tedavi
grubunda 34,3+6.4 tespit edilmistir. Sonucglarimiz Akgal
ve arkadaglarinin (10) sonuclarma gore yiiksek olup bu
farkin c¢aligmamizda eriskin hastalar dahil edilmisken
diger calismada cocuk hastalarin dahil edilmesinden
kaynaklandig1 kanaatindeyiz. Eriskin hastalarin dahil
edildigi Yelken ve arkadaslarinin (13) calismasi ile
calisma sonuglarimiz uyumlu bulunmustur.

CO aym1 zamanda kardiyotoksik olmast ve COHb>25
degerlerinin EKG de ST-T degisiklikleri ile seyrettigi
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gosterilmektedir. Ayrica American College of Emergency
Physician tarafindan yayinlanan klinik o6nlemde
hastalarda mortalitenin  Ongoriilmesi icin kardiyak
biyomarker bakilmasi kanit diizeyi B olarak dnerilmekte
olup akut miyokard enfarktiisii kotii prognoz gostergesidir
(11,14,15). Calismamizda troponin degeri pozitifiesen
hasta tespit edilmemis olup 4 hastamizda nonspesifik
ST-T degisikligi gozlenmistir. COHb degeri yiiksek olan
hastalarda EKG bulgularinin az sayida goriilmesinin akut
maruziyet sonrasi erken donemde tedavi baglanmasindan
kaynaklandigini diistinmekteyiz.

SONUC

Geligsmekte olan lilkelerde CO zehirlenmesi énemli bir
saglik sorunu olup ozellikle kis aylarinda acil servise
nonspresifik semptomlarla bagvuran hastalarda CO
zehirlenmesi disiiniilmeli ve hastalarin erken doénemde
tan1 ve tedavisi saglanmalidir.
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Imaging Findings of Diffuse Cutaneous Neurofibroma

as a Rare Case

Nadir Bir Olgu Olarak Diffiiz Kutanéz Norofibromun Gériintiileme Bulgular:

Cansu Belge Berberoglu, Cagri Erdim,

Rustu Turkay, Turkan Ikizceli

Istanbul Haseki Training and Research Hospital, Department of Radiology, Istanbul, Turkey.

ABSTRACT

Diffuse cutaneous neurofibromas are a rare variant of neurofibroma seen in children and young adults. These
lesions are cutaneous-subcutaneous localized and appear as superficial lesions. They arise from peripheral
nerves without deep involvement or may represent the superficial extension of a deep plexiform neurofibroma.
1t is important to differentiate between pleomorphic neurofibroma and diffuse cutaneous neurofibroma because
diffuse cutaneous neurofibromas are only about 10% associated with neurofibromatosis type 1, unlike pleomorphic
neurofibromas, and malignant transformation of these lesions was very rare. In this case, we aimed to evaluate
the radiological findings of diffuse cutaneous neurofibroma case with histopathological diagnosis as a rare case.
OZET

Diffiiz kutanéz nérofibromlar, cocuklarda ve geng eriskinlerde goriilen nadir bir nérofibroma varyantidiv. Bu lez-
yonlar kutandoz-subkutanoz yerlegimli olup yiizeysel lezyonlar olarak karsimiza ¢ikarlar. Derin tutulumu olmayan
periferik sinirlerden ortaya ¢ikarlar veya derin bir pleksiform norofibromun yiizeysel uzanimini temsil edebilirler.
Pleomorfik norofibrom ile diffiiz kutanoz nérofibromu ayirmak énemlidir, ¢iinkii diffiiz kutanoz norofibromlar,
pleomorfik nérofibromlarin aksine nérofibromatoz tip 1 ile sadece %10 kadar iliskilidir ve bu lezyonlarin ma-
lign transformasyonu ¢ok nadirdir. Biz bu olgumuzda nadir bir vaka olarak diffiiz kutanoz néorofibrom olgusunu

Adem Topcu,
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Diffuse cutaneous neurofibroma
Magnetic resonance imaging
Neurofibroma

Plexiform neurofibroma

Anahtar Kelimeler:

Diffiiz kutanéz norofibrom
Manyetik rezonans gériintiileme
Norofibrom

Pleksiform nérofibrom

histopatolojik tanisiyla beraber radyolojik bulgularini degerlendirmeyi amagladik.

GIRIiS

Norofibromlar, schwann hiicrelerin, perinéral hiicrelerin
ve  endondral  fibroblastlarin  proliferasyonundan
kaynaklanan yaygin bir benign periferik sinir timori
grubudur (1). Diger taraftan yaygin kutandz nérofibromlar
ise cocuklarda ve genc¢ eriskinlerde goriilen nadir bir
norofibroma varyantidir (2). Diffiiz kutan6z nérofibrom
hakkinda literatiirde sadece birka¢ olgu sunulmus olup
bu lezyonlarin manyetik rezonans goriintileme (MRG)
goriiniimleri iyi tanimlanmamisti. Bu nedenle biz de
bu olgumuzda diffiiz kutandz ndrofibrom olgusunu
histopatolojik tanistyla beraber radyolojik bulgularin
degerlendirmeyi amagladik.

OLGU

19 yasinda erkek hasta sag lomber bolgede ele gelen
kitle ve cilt renginde koyulagma sikayetleriyle genel
cerrahi poliklinigine bagvurdu. Muayenesinde sag lomber
bolgede daha belirgin olmak iizere sagda gluteal bolgeye
dek uzanim gosteren ve posteriorda orta hattin soluna
gecen, kitle benzeri kalinlik ve pigmentasyon artis1 izlendi
(Resim la, b). Hastanin rutin hematoloji ve biyokimya
sonuclar normaldi. Onemli bir tibbi gecmisi veya
ailesinde nérokutandz hastalik dykiisii yoktu. Dermatoloji
boliimiine istenen konsiiltasyon muayenesinde hastanin
lezyonu dev konjenital neviis ve eslik eden hipertrikozis
lehine degerlendirildi. Hastanin tarafimizca yapilan
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ultrasonografik incelemede cilt-cilt alt1 bolgede parmaksi
tarzda santrali hipoekoik periferi ekojen karakterde,
belirgin vaskiilarizasyon gosteren yaygin tiibiiler
lezyonlar mevcuttur (Resim 2a, b). Hastanin karin agrist
sikayeti iizerine eslik eden patolojileri degerlendirmek
icin bilgisayarli tomografi (BT) ¢ekildi. BT incelemede
lezyonlarin kas dokusu ile izodens karakterde oldugu
ve subkutan yag doku igerisinde sagda lomber bolgede
anteriorda orta hattan baslayarak posteriorda orta hattin
soluna da uzanim gosterdigi, ancak derin uzaniminin
olmadig1 saptand: (Resim 3a, b). Batin BT de ek patoloji
saptanmadi. Hastaya lezyon karakterizasyonu agisindan
MRG incelemede yapildi. MRG incelemede lezyonlarin
uzaniminin  benzer sekilde oldugu ve lezyonlarin
T1A sekanslarda iskelet kasmna gore hipointens, T2A
sekanslarda hiperintens karakterde oldugu postkontrast
incelemelerde ise belirgin kontrast tutulumu gosterdigi
izlendi (Resim 4a-e). Goriintiileme Ozelliklerinin tipik
olmamasi nedeniyle hastaya eksizyonel cilt biyopsi
yapildi. Patoloji sonucunun benign periferik sinir
kilifi timori gelmesi ve radyolojik goriintiilemesinde
de hastanin lezyonlarinin yiizeyel yayilimi beraber
diistintildiiginde literatiirdeki smirli birkag vakayla
beraber degerlendirildiginde hastanin tanisi diffiiz kutan6z
norofibrom olarak degerlendirilmistir.
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Resim 1la-1b: Dev
hipertrikozis

konjenital neviis ve eslik eden

Resim 3a-3b: Hastanin lezyonlarinin cilt-ciltaltt dokuda
sagda lomber bolgede anteriorda orta hattan baslayarak
posteriorda orta hattin soluna uzanmim gosterdigi ancak
derin uzaniminin olmadig1 kas dokusu ile izodens
karakterde oldugu izlendi (oklar).

TARTISMA

Norofibromlar, schwann hiicrelerin, perindral hiicrelerin ve
endondral fibroblastlarin proliferasyonundan kaynaklanan
yaygin bir benign periferik sinir tiimdrii grubudur. Tiim
yumusak doku tiimérlerinin yaklasik %5’ini temsil ederler
(1). Lokalize norofibromlar, pleksiform nérofibromlar ve
yaygin kutandz noérofibromlar olmak iizere {i¢ histolojik
tipe ayrilirlar (2).

Lokalize form en sik goriilen ve en yaygin olarak rapor
edilen, tiim norofibromun yaklasik %90’m1 temsil
ederken, pleksiform alt tip esasen ndrofibromatozis 1
(NF-1) patognomonik olup ve goriintiileme o6zellikleri
iyi bilinmektedir (3). Diger taraftan yaygin kutandz
norofibromlar, c¢ocuklarda ve gen¢ eriskinlerde
goriilen nadir bir ndrofibroma varyantidir. Pleomorfik
norofibromlarin aksine NF-1 ile sadece %10 kadar1
iliskilidir (3). Bu nadir birliktelik nedeniyle hastamizda
NF-1 tam kriterleri arastirildi ve kranyal MRG inceleme
yapildi ancak NF-1 lehine bulgu saptanmadi. Onceki
literatiir diffiiz kutanéz nérofibromun en sik bas ve boyun
bolgesinde bulundugunu 6ne siirmesine ragmen, yakin
zamanda Hassel ve arkadaglar1 gévde ve ekstremitelerin
en sik goriilen yerler oldugunu bildirmistir (4). Bizim
olgumuzda da lezyonlar Hassel ve ark. ¢aligmasindaki
gibi batinda subkutan dokuda sagda lomber bolgede
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Resim 2a-2b: Cilt-ciltalti bolgede derin parmaksi
cikintilara sahip santral kesimleri hipoekoik goriiniimde
hiperekojen  tiibiiller  vaskiiler lezyonlar  olarak
izlenmektedirler.

Resim 4a-e: Aksiyal T2A ve yag baskili aksiyal T2A
goriintillerde sagda lombar bolgede anteriorda orta
hattan baglayarak posteriorda orta hattin soluna da
uzanim gosteren hiperintens goriiniim mevcuttu. Koronal

T2A gorintilerde lezyonlarin yiizeysel uzanimlar
izlenmektedir. Kontrast sonrasi incelemede lezyonlarda
yogun kontrast tutulumu izlendi (oklar).

anteriordan baslay1p posteriorda orta hattin soluna uzanim
gosterdigi izlendi.

Subkiitan nodrofibromlar ultrasonografik olarak derin
parmaks1 ¢ikintilara sahip santral kesimleri hipoekoik
goriiniimde hiperekojen tiibiiller vaskiiler lezyonlar
olarak izlenmektedirler (5). Bizim olgumuzda da literatiir
bilgisiyle uyumlu olarak cilt alt1 dokuda yaygin parmaksi
uzanimlara sahip belirgin vaskiilarizasyonu saptanan
santal kesimleri hipoekoik, ekojen tubiiler lezyonlar
mevcuttu. Literatlirde MRG incelemede subkutan doku
icerisinde T1A sekanslarda iskelet kasi sinyaline gore
izo veya hafif hiperintens goriinimde, T2A sekanslarda
iskelet kasi sinyaline gore hafif hiperintens karakterde
olup postkontrast incelemede yogun kontrast tutulumu
gosterirler (2,4). Bizim olgumuzda da MRG bulgular
literatiir ile korele idi.

Pleksiform norofibroma ve yaygin kutandz nérofibroma
arasindaki ayrim konusunda bazi karisikliklar vardir ve
¢ogu kaynak ikisi arasinda agik¢a ayrim yapamamaktadir.
Genel olarak pleksiform nérofibromlar sinir pleksuslarimnin
dorsal sinir koklerini ve derin yapilart etkileyen major
sinirlerin seyrini takip eden derin yerlesimli fuziform
lezyonlardir ve belirgin bir ylizeysel uzantis1 yoktur (1,6).
Diffiiz kutan6z nérofibromlar ise kutandz veya subkutandz
yerlesimli olup ylizeysel lezyonlar olarak karsimiza



Phnx Med J. November 2021, Volume 3 No 3

cikarlar. Derin uzanimi olmayan periferik sinirlerden dayanarak, diffiiz kutandz norofibromlar tipik olarak
ortaya cikarlar veya derin bir pleksiform nérofibromun derin muadillerine benzer bir gériiniime sahip degildir ve
yiizeysel uzanimini temsil edebilirler. MRG c¢alismalari vendz malformasyonlar gibi diger ayirici tanilarla kolayca

derin pleksiform nérofibromlarda hedef isaretine benzer karistirilabilir. Oysaki pleomorfik nérofibrom ile diffiiz
bir goriiniim tanimlarken diffiiz kutan6z norofibromlarda kutandz nérofibromu ayirmak o6nemlidir, ¢iinkii diffiiz
bu goriiniim izlenmemektedir (7). kutan6z nérofibromlar, pleomorfik ndrofibromlarin aksine
Sonug¢: Diffiiz kutanéz nérofibrom hakkinda literatiirde norofibromatoz tip 1 ile sadece %10 kadar iliskilidir ve
sadece birkag olgu sunulmus olup bu lezyonlarin MRG malign transformasyonu ¢ok daha nadirdir (7,8).
goriiniimleri iyi tanimlanmamisti. Bu smirh olgulara
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CASE REPORT

Death Despite COVID-19 Vaccine: Case Report

COVID-19 Agisina Ragmen Oliim: Olgu Sunumu
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Keywords:
ABSTRACT COVID-19
In this study, a COVID-19 reverse transcription polymerase chain reaction (RT-PCR) positive case who died in Vaccine
the hospital with pneumonia after receiving two doses of inactive CoronaVac (Sinovac Life Sciences) vaccine is Coronovac

presented.

A 67-year-old female patient, who was vaccinated with two doses of the Coronovac vaccine, was admitted to the
emergency room (ER) with dyspnea and cough. There was a bilateral ground glass image on thorax tomography.
The patient’s RT-PCR test was positive, and he was admitted to the hospital’s V-19 ward. The patient, who
stayed in the service for three days, was taken to the intensive care unit after his clinical condition deteriorated;
moreover, she died after 11 days in the intensive care unit.

The expected protective effect may not be seen in old patients five days after two doses of vaccine. It would be
appropriate for the vaccinated individuals to continue to protect themselves against COVID-19.

Emergency department

OZET Anahtar Kelimeler:
Bu ¢alismada iki doz inaktif CoronaVac (Sinovac Life Sciences) asist olduktan sonra hastanede pnémoni nedeni COVID-19

ile hayatim kaybeden COVID-19 ters transkripsiyon polimeraz zincir reaksiyonu (RT-PCR) porzitif bir vaka Ast

sunulmugtur. Coronovac

Iki doz Koronovac agsist yapilan 67 yasinda kadin hasta, nefes darligi ve oksiiriik sikayeti ile acil servise (AS) Acil servis

basvurdu. Toraks tomografisinde bilateral buzlu cam géoriintiisii mevcuttu. Hastanmin RT-PCR testi pozitif ¢ikti ve
hastanenin COVID-19 servisine kaldirildi. Ug giin serviste kalan hasta, klinik durumunun agirlasmast iizerine
yogun bakima alindi; ayrica yogun bakim iinitesinde 11 giin kaldiktan sonra éldii.

Iki doz asidan bes giin sonra, yash hastalarda beklenen koruyucu etki goriilmeyebilir. Asilanan bireylerin
kendilerini COVID-19’a karsi korumaya devam etmeleri uygun olacaktir:

INTRODUCTION

The COVID-19 pandemic affects people and countries
negatively throughout 2020 and still. WHO announced
that 148 329 348 COVID-19 patients were identified
worldwide as 28.04.2021, of which 3 128 962 (2.1%) died
(1). Therefore, vaccination studies have gained importance
in resisting the COVID-19 pandemic. It is expected that
vaccines will have a protective effect, especially against
severe diseases and death, also be safe and effective. (2,3).
As the COVID-19 vaccine in Turkey, the inactive
CoronaVac (Sinovac Life Sciences) vaccineand BNT162b2
(Pfizer & Biontech) are applied in two doses with an
interval of four weeks (4). In this study, a COVID-19
reverse transcription polymerase chain reaction (RT-PCR)
positive case who died in the hospital with pneumonia
after receiving two doses of inactive CoronaVac vaccine
is presented. Thus, it is aimed to contribute to the limited
medical literature about COVID-19 vaccines.

CASE REPORT

A 67-year-old female patient applied to the Sakarya
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Training and Research Hospital (SEAH) emergency room
(ER) with cough and dyspnea for about a week. The
patient has a known history of hypertension and unipolar
depression.

As medicine; she used olmesartan + hydrochlorothiazide
40/25 mg 1x1, duloxetine 60 mg 1x1, quetiapine 20 mg
Ix1.

The patientreceived the first dose ofthe inactive CoronaVac
(Sinovac Life Sciences) vaccine on 15.02.2021 and the
second dose on 15.03.2021. The case, who developed
cough and dyspnea approximately 4-5 days after the
second dose of vaccine, was admitted to the SEAH ER on
25.03.2021. The patient’s general condition was good, and
she was conscious, oriented, and cooperative. Of the vital
signs, fever was 36.4 oC, fingertip SpO2: 92, pulse 90/
min, blood pressure: 120/80 mmHg, respiratory rate 20/
min. With 4 L/min oxygen from the nasal cannula, SpO2
was found to be 97.

In the examinations of the patient, high levels of CRP,
D-dimer, ferritin, LDH, urea, and creatinine were detected,
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Figure 1: Ground-glass opacities in non-contrast axial thorax CT

Table 1: Blood test results

Parameter Result The reference range
WBC 6.9 4.6-10.2 K/uL
PLT 150 142-424 K/uL
NEU 4.9 2-6.9 K/uL
LYM 1.5 0.6-3.4 K/uL
CRP 44.5 0-5 mg/dL
Ferritin 535.7 4.6-204 pg/L
D-dimer 1190 0-500 ugFEU/L
LDH 273 0-247 U/L

Urea 81 17-43 mg/dL
Creatine 1.7 0.51-0.95 mg/dL

and the appearance of bilateral ground-glass opacities was
observed in the thorax computed tomography (CT). See
Table 1 and Figure 1 for patient’s blood test results and
thorax CT. A combined oropharyngeal and nasopharyngeal
COVID-19 reverse transcription-polymerase chain
reaction (RT-PCR) swab was obtained from the patient.
The RT-PCR test positive patient was admitted to the
COVID-19 service. Furthermore, she was followed up in
the ward for three days and then taken to the intensive care
unit (ICU) due to increased dyspnea and respiratory rate.
After 11 days in intensive care, she died on 08.04.2021.
DISCUSSION

In a meta-analysis, Lan Yang et al. found that dyspnea
was associated with an increased risk of mortality in
COVID-19 patients. The same study stated that high
D-dimer, LDH, and ferritin negatively affected mortality

in COVID-19 patients (5). Another research declared
that high CRP levels and lymphopenia were correlated
with increased mortality (6). It was noticed that the case
presented to the ER with dyspnea, which was considered
to be an indicator of poor prognosis; moreover, the blood
analysis results confirmed high levels of D-dimer, CRP,
ferritin, and LDH. Although the patient had two doses of
the Coronovac vaccine, no change was observed in the
test results indicating a poor prognosis. On the other hand,
lymphopenia, another poor prognosis indicator, was not
encountered in the patient at ER application.

Among the vaccines, the mRNA-1273 (Moderna) vaccine
was stated to be 94.1% protective 14 days after the second
dose, and the BNT162b2 vaccine was announced to be
protective against 95% COVID-19 disease seven days
after the second dose (7,8). Two inactive doses of the
CoronaVac vaccine were applied to the patient in our study.
Studies conducted in Brazil described that Coronovac
vaccine protection efficiency against the severe disease
was 50.4%, while studies conducted in Indonesia reported
78% (9).

Our case was symptomatic 4-5 days after the vaccine’s
second dose; furthermore, she was admitted to the ER
with dyspnea and cough. Her RT-PCR test was positive;
a bilateral ground-glass appearance on the thorax CT
confirmed that she did not benefit from the vaccine.
CONCLUSION

The expected protective effect may not be seen in old
patients five days after two doses of vaccine. It would be
appropriate for the vaccinated individuals to continue to
protect themselves against COVID-19. It is necessary to
stand alert in vaccinated patients against poor prognosis
markers in COVID-19 disease.
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The Importance of Radiography Obtained Using an Appropriate Technique

Teknigine Uygun Radyografi Cekilmesinin Onemi

Murat Koyuncu,

Mohamed Usman Tasal

Ozel Bahat Hospital Acil Servis, Sultangazi, Istanbul, Tiirkiye

Trauma has an important place in emergency department
admissions. The majority of non-life-threatening traumas
are injuries involving the musculoskeletal system. For
patient’s safety and to refrain from consequences of
malpractice, in extremity traumas, at least bidirectional
radiographs should be taken, including the upper and lower
joints. If necessary, comparative radiographies should be
taken. Imaging’s obtained using inappropriate techniques
should not content the physicians. If appropriate X-ray
images cannot be obtained, other imaging methods
should be used. In particular, ultrasonography is a method
that stands out with its ease of application, and lack of
radiation exposure. With this approach, it is possible to
understand the existing pathology and the appropriate
treatment method can be determined (1,2).

It should not be forgotten that the problem of ‘malpractice’
is becoming increasingly prevalent day by day. Faulty
medical practice which is briefly stated as malpractice, is
defined as the failure of the health personnel to perform
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the standard practice during the treatment, erroneous
application as a result of lack of knowledge or skill, or the
failure to provide the necessary treatment (3).

Our 6-year-old male patient was admitted with the
complaint of leg pain. The trauma was not witnessed by
anyone. The family entered the room with the noise they
heard and then the sound of the child crying, and they saw
the child crying on the floor. The boy said he fell while
jumping off the sofa. His general health condition was
good, but he was restless. His Glasgow Coma Scale score
(GCS) was 15. There was tenderness on the 1/3 middle part
of the medio-posterioraspect of the right tibia. Any sign
of wound or bruise was not evident. On the bidirectional
X-ray: AP radiograms did not reveal any pathology, while
on lateral X-ray an oblique fracture of the tibial shaft
was detected. Appropriate treatment was given to the
patient as a result of bidirectional radiographs. This image
indicates how important it is to take appropriate extremity
radiography.
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Saymn Editor;

Acil tibbi destek tedavi kaynaklarina olan talebin arzi agmasi
acil servislerin kalabaliklasmasina neden olmaktadir. Bu
durum hem kirsal hem de kentsel izlenebilen bir durumdur ve
biiyiik hastanelerin acil servislerin %90’1 tam kapasite veya
kapasitesinin iistiinde ¢aligmaktadir (1).

Kalabalik ve kritik hastalar1 kabul eden acil servisler zaman
zaman agir1 hasta yiikii nedeniyle yogunluklarini Acil Saglik
Hizmetleri Koordinatorliiklerine bildirerek hasta kabul
etmemekte ve bu donemde ambulans ile getirilen hasta
baska merkezlere yonlendirilmektedir. Bu durum, hastalar
icin zaman kaybina, saglik yonetimi i¢in ise kaynak kaybina
neden olmaktadir (1).

Saglik hizmetlerine erisim hayati, genis ve karmasik
bir konudur. Acil tibbi durumlar s6z konusu oldugunda,
uygun bakima hizli erisim hayat kurtaricidir. Ancak hayati
tibbi bakimin verilmesini engelleyen bircok sistemik ve
organizasyonel engeller mevcuttur (2).

fkinci diinya savasindan sonra “American College of
Surgeons-Committee on Trauma” tarafindan agir yaral
hastalarin uygun tibbi merkezlere hizli bir sekilde ulasmasini
saglamak, travma dis1 hastaneleri atlayarak hastalarin travma
merkezlerine kabul edilebilmesi i¢in hastane Oncesi temel
kriterler gelistirilmigtir (2). Son yirmi yilda ST segment
elevasyonlu miyokard enfarktiisii, iskemik inme, kardiyak
arrest ve sepsis gibi hizli tedavi gerektiren tibbi1 durumlarin
taninabilirliginin artmasiyla acil tibb1 tedaviye ihtiya¢ duyan
hasta sayisinda da goriiniir artis olmustur (3). Kilavuzlar ST
Segment Eleve Miyokard Enfarktiisii hastalarinda hastalarin
“kapidan balona” siiresinin 120 dakikadan az olmasini, akut

iskemik inmede trombolitik kullanimina yonelik terapotik
pencerenin, semptom baslangicindan itibaren 4,5 saat ile
siirlt olmasint nermektedir. Kisa siire iginde yapilmasi
gereken bu gibi tedavi modaliteleri 6zel merkezlerde
uygulanabilmektedir (3,4).

Cografi bilgi sistemleri (CBS), cografi olaylar1 analiz etmek
icin kullanilan donanim ve yazilimlarin biitiiniidir (5).
CBS araglar1 ve mekansal analiz, yalnizca cografi sorunlari
degil, ayn1 zamanda saglik hizmetlerine erigimle ilgili ¢ok
farkli sorunu ele almak i¢in iyi bir yontem ve aractir. Acil
servislerin etrafindaki toplanma alanlarinin tanimlanmasi ve
acil bakim erigiminin statik tanimlar1 ve sisteminin su anda
var oldugu sekliyle tanimlanmasi CBS ile yapilabilir (2,5).
Artan niifusun acil tbbi bakimiyla ilgili endiselere ek
olarak, 21. yiizy1l acil bakim sisteminde dogal afetlere,
pandemilere ve biyoterdrizme verilen yanitin da dikkate
alinmas1 gerekmektedir (2,5,6). Saglik cografyasi alaninda
teknikler hizla gelismektedir. CBS kullanimimin hizla
degisen saglik hizmeti ortamina uyum saglamasiyla, cografi
analizler acil bakim sunumuyla ilgili temel sorunlarin coguna
yeni ¢Oziimler sunacaktir. Kisa siirede erigilmesi gereken
travma merkezleri, kardiyak merkezler ve inme merkezleri
gibi ileri tedavi merkezlerinin konumlandirilmasinda
niifus yogunlugu, ulagim siireleri ve cografi kosullarin
degerlendirildigi mekansal analizler kullaniimalidir (6).
Acil bakim sistemleri planlayicilari, bu gelisen metodolojiyi
benimsemeli, bolgesel, koordineli ve hesap verebilir bir
acil bakim sistemini gelistirebilmek i¢in CBS gibi modern
yontemlere bagvurmaldir.

Cikar Catismasi: Yazarlar ¢ikar ¢atigmasi olmadigini beyan etti.
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