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Kardiyak Yaralanmalar

Sedat Ozan Karakisi' & Dogus Hemsinli® & Ibrahim YelP

KARDIYAK YARALANMALAR
1-PENETRAN KALP YARALANMALARI

Kalp yaralanmalar1 eski ¢aglardan beri hekimlerin ilgisini ¢eken milattan
sonra 19. Yiizyilin sonlarma kadar kesin dliimle sonuglandigi diisiiniilen bir
durumdur. 1987°de Rehn penetran kalp yaralanmasinda ilk basarili tamiri
yaymlamigtir. 1986 yilinda Calhoon kiint travmaya bagli kardiyak riiptiir
hastalarinda %70 survey bildirmistir. ( Goldstein AL et al. 2017.) Iyi hazirlanmis
travma merkezlerinde bile kiint kardiyak travmanin mortalitesi yiiksektir.

Penetran kardiyak yaralanmalar kesici delici alet (bigak, sarapnel vs.), kirilan
kemikler nedeniyle olusabilir. En sik sag ventrikiil sonra sirasiyla sol ventrikiil,
sag atriyum ve sol atriymim yaralanmasi goriiliir. Nadiren papiler kaslarda,
ventrikiil septumunda ve kalp kapaklarinda yaralanma goriilebilir. Koroner arter
yaralanmalar1 nadir goriilmekle birlikte genellikle distal tip olup ligasyon yeterli
olmaktadir. ( Goldstein AL et al. 2017)(Asensio et al. 1996)

Temelde penetran kardiyak yaralanmanin iki sonucu vardir, kanama ve
tamponad. Bu klinik tablo minimal olabildigi gibi agir bir sekilde de olabilir.
Bigak gibi yaralanmalarin ¢ogunda tamponad olan ya da olmayan sok tablosu
hakimdir. Atesli silah yaralanmalarinda ise acil servise ulastiklarinda 6liim ya da
o6liime yakin bir klinik tablo goriiliir.

Kesici alet yaralanmalarinda kardiyak yaralanmalarin biiylik ¢ogunlugunda
perikardiyal ve kardiyak kesi kii¢iliktiir. Olusan trombiis ve etraf yag dokusu
yaralanan kardiyak bolgeyi kapatabilir. Ozellikle sag ventrikiil yaralanmalarinda
kanama bu sekilde durarak tamponad klinigi hakim olur. Olusan tamponadin
surveyi artirdigi tespit edilmistir. Olusan pihtinin intraperikardiyal basi
olusturmasi ile sag atriyum ve sag ventrikiil yaralanmalarinda kanama durabilir.
(Ivatury and Rohman 1992)(Gosavi, Tyroch, and Mukherjee 2016)

Gogiise penetran travmasi olan tiim hastalarda kalp yaralanmasi olabilir.
Ekokardiyografi siiphesi olan tiim hastalara yapilabilir. Intraperikardiyal kiigiik
effiizyonlar stabil hastalarda ekokardiyografi ile takip edilebilir. Subksifoid
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perikardiyal pencere sok, tamponad bulgular1 olmayan hastalarda ciddi bir travma
sebep olmadan tan1 koydurur. (Stassen 2021)

Acil serviste kalp yaralanmasi diisiiniilen hastada sok durumunda bile acil
olarak restisitasyon torakotomisi yapilmalidir. Penetran kalp yaralanmasi olan bir
hastanin, yaralanma ve cerrahiye alinma arasinda yarim saatten fazla zaman
gecmemesi gerekir. Atesli silah yaralanmalarinda mortalite kesici delici alet
yaralanmalarina gére daha fazladir. Kiint travma sonucu tamponad bugular
gosteren hastada ameliyat endikasyonu acildir ve mortalisi %85ten fazladir.
Ameliyata alinmayan hastalar mortal seyreder.

Tamponad gelismis ise hemoperikarda ponksiyon yapilir ve hemen sternotomi
yapilir. Stentomi ile kardiyak muayene yapilabildigi gibi gerektiginde torakal
bolgelerde degerlendirilebilir. Atesli silah yaralanmalarda balistik etki ile
yarlanma olusabilir. Sternotomi sonrasi intraplevral ciddi bir yaralanma varsa
torakotomi de ilave edilerek kanama kontrol altina alinabilir. Yaralanma
vetrikiilde ve kii¢iik bir yuva varsa parmak basilarak gecici hemostaz saglanabilir.
Yaralanma atriyumda ise lateral klemp konulabilir. Yaralanma Onemli ve
parmakla kontrol altina alinamiyorsa yara orifisine foley sonda sokulup, balonu
disar1 ¢ikmayacak kadar sisirilip kanama kontrol altina almabilir.

Kalp kavitelerinde laserasyon, multipl yaralanma  goriildiigiinde
ekstrakorporeal ~sirkiilasyona gegilmesi gerekir. Ozellikle atesli silah
yaralanmalarinda kursunun trasesine gore multipl yaralanma goriilebilir.

Ventrikiil yaralanmalar1 parmak ile basilarak hemostaz saglanmigsa 3/0 teflon
veya perikardiyal destekli “U” siitiir ile onarim yapilabilir. Islem sirasinda
ventrikiiler kaslarin yirtilmamasina dikkat edilmelidir. Dikis gegilirken koroner
arterlerin i¢ine alinmamasi gerekir.

Ventrikiil duvarinda biiyiik defektler varsa onarim yapmak igin pompaya
girmek gerekir ancak bu durum nadirdir. Defektin onarimi i¢in omentum grefti
gibi yama gerekebilir. Atriyum lezyonlar1 klempin altindan gegilen siitiirlerin
baglanmasiyla tamir edilir. Septum ya da kapaklardaki lezyonlar hemodinamiyi
bozmuyorsa ikinci bir ameliyat sirasinda degerlendirilir.

Koroner arter yarlanmalar1 genelde mindr dallara bagli olusur. Ancak
Ozellikle sol anterior desending ve koroner arterlerin orta veya proksimal
kesimlerinde olan yaralanmalarda bypass grefti gerekir.

Biiyiik damarlarin intraperikardiyal yaralanmasi nadir bir olaydir.

Vena Cava Inferior yaralanmasi genelde parsiyel bir yaralanma seklinde
goriiliir ve klep konulduktan sonra lateral siitiir konularak kontrol altina alinabilir.



Vena Cava Superior yaralanmasi nadirdir ve genelde mortaldir. Yaklasim
genellikle sternotomi ve sag anterior torakotomi ile olur. En ideal yaklagim
posterolateral torakotomi olmasina ragmen acil sartlarda pek miimkiin degildir.
Kelmp konulduktan sonra direkt siitiir veya perikardiyal yama ile onarim
yapilabilir.

Aort yaralanmasi nadiren acile canli olarak giris yapar. Yaklasima
eksplorasyon sirasinda karar verilir. Asendan aort, arcus aorta proksimal kesimi,
brakiosefalik arter ve sol karotis arterin proskimal kesimlerinin ekslplrasyonu
icin sternotomi yeterli olurken sol subklavian arter i¢in sol anterior torakotomi de
yapmak gerekebilir. Yaralanan bdlgenin 6nce parmakla hemostazi sonrasi direk
siitiir veya greft interpozisyonu ile onarim yapilabilir.

Pulmoner Arter yaralanmalar1 masif hemo-pnomotoraks klinigi ile ortaya
¢ikar. Pulmoner arter siklikla hilus bolgesinden yaralanir. Hemostaz siklikla
hilustaki damarlarin kontrol altina alinmasi ile saglanir.

Sag Pulmoner Arter kanamalarinda en basit kanama kontrolii parmak ile
komprasyon yapilmasidir. Arterin frajil olmasi ve kolayca diseke olabileceginden
klemlplenme 6nerilmez. Sag pulmoner artere ulagsmanin en kolay yolu aorto-
kaval araliktan girilerek pulmoner arterin askiya alinmasidir. Vena cava superior
askiya aliip digsa dogru ¢ekildikten sonra pulmoner arterdeki yarali kisim siitiire
edilir ya da tam kat kesi durumunda ug-uca anastomoz yapilir.

Sol Pulmoner Arter yaralanmasinda genel olarak intraperikardiyal
yaklasimla hemostaz saglanabilir.

Kalp yaralanmalarinda hastanin gelis durumu ¢ok &nemlidir. Acil servise
geldiginde yasam bulgulari olmayan hastalarin klinigi mortal seyreder. Kardiyak
yaralanmalarin yaris1 acil servise canli ulasamaz. Kesici delici alet
yaralanmalarinin mortalitesi atesli silah yaralanmalarina goére daha azdir.
Kardiyak yaralanmalarin uzun dénem sonuglari ¢ok iyidir ancak hastalarda
kardiyak arrest bagl hipoksik beyin, ventrikiiler septum ve kapak yaralanmasi
gibi etkenler morbidite sebebidir.

2-KUNT KARDIYAK YARALANMALAR

Kiint kardiyak travma en sik motorlu ara¢ kazalarinda, yiliksekten diisme,
crash yaralanma gibi mekanizmalarla meydana gelir.

Direkt kuvvetler prekordiyal ekti olusturarak yaralanma yapabilir, ani artan
intratorasik basmg direkt olarak kalbe yansir. Intraabdominal kuvvetler
indirekttir, artan vendz doniis, diyafragmanin yiikselmesi ve kalp bosluklarinda
over distansiyon olusur. Kompresif kuvvetler ise kalbin sternum ve vertebra
arasinda sikigsmasiyla olusur. Biiyilk damarlarda asili sekilde duran kalpte
deselerasyon kuvvetleri sarka¢g benzeri etki olusturur. Sonug¢ olarak direkt,
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indirekt, kopressif ve deselerasyon kuvvetlerinin kombinasyonu ile de kiint
travma olabilir. (Janson et al. 2003)(Marcolini and Keegan 2015)

Kiint travma sonucu en sik miyokardiyal kontiizyon olugsmaktadir. Yaralanma;
subendokardiyal, miyokardiyal hemoraji, selliiler diizeyde 6dem ya da miyokard1
tam kat tutan enfarktiise kadar degisebilir. Olusan hasarin derecesi travmanin
siddetine baglidir.

Mikroskopik olarak hemoraji, 16kosit infiltasyonu, 6dem, nekroz goriilebilir.
Kontiize miyokardiyal dokusu ile normal doku arasinda keskin bir sinir vardir ve
inotrop destek verildiginde koroner arter hastaliginda oldugu gibi hasarlanan
alanda genigleme goriilmez. Yaralanma derecesine gore miyokard fonksiyonunda
azalma olur, nekroz gelismisse, koroner arter hastaligindakinden ayirt
edilemeyen, skar dokusu gelisir.

Miyorkardiyal kontiizyon olan hastalarda gogiis agrisi sik olarak goriiliir
ancak, bunun kardiyak, yumusak doku ya da kemik kaynakli mi oldugunun
ayrimini yapmak pek miimkiin degildir.

Normal EKG konyilizyonu ekarte ettirmez ancak yeni olan bir Q dalgasi
diyagnostiktir. CK-MB miyokardiyal hasar i¢in sensitiftir ancak yaygin doku
hasarinda diger dokulara bagh da yiikselecegi icin sensitivitesi azalir. Troponin I
EKG ile birlikte degerlendirildiginde sensitiftir. Ekokardiyografide bolgesel ya
da global hipokinezi goriilebilir.

Miyokardiyal kontiizyonu olan hastalarda aritmi, miyokardiyal-ventrikiiler
riptiir kardiyak yetmezlik gelisebilir. Eger hasta stabil ve ek yaralanmalarin
tedavisi ile stabil edilmisse dnemli kontiizyon yoktur ve prognoz iyidir. Eger
onemli kontlizyondan siipheleniliyorsa ya da tani konulmussa yakin takip ve
monitdrizasyon gerekir. Hastalar aritmi yoniinden takip edilmelidir. Potasyum ve
magnezyum seviyeleri normale getirilmelidir.

Ventrikiiler disfonksiyondan dolay1 kardiyak outputu diismiis olan hastalarda
inotrop destek ve intraaortik balon pompasi destegine ihtiyaci olabilir.
Miyokardiyal kontiizyonlar genelde kalici sekel birakmadan iyilesir nadiren
siddetli kontlizyona bagli miyokardiyal fibrozise bagh progresif kalp yetmezligi
geligebilir. Bu durumda transplantasyon gerekir. (Lindstaedt et al. 2002)(Salim et
al. 2001)

Kardiyak riiptiir goglis travmalariin en sik 6liim sebeplerinden biridir. Riiptiir
travmay1 takiben ya da 2 hf sonra gelisir. Laserasyon genelde periyadiyak-
epikardiyal yilizeydedir, belirgin hemodinamik bozukluk yapmaz. Ancak
laserasyon miyokardin derinlene dogru ilerlerse veya tam kat olursa hastada
tamponad klinigi gelisebilir.



Ventrikiiler septum yaralanmalari penetran ve non onetran gogiis travmlarinda
goriilebilir. En sik miskiiler boliimde apekse yakin lokalizasyonda olur. Septum
yaralanmalarinda ilk anda palpabl thrill alabilir. Kiint travmalarindan sonra
olusan ventrikiiler septal yaralanma birka¢ giin sonra nekroz gelistikten sonra
ortaya c¢ikar. Sol ventrikiil gec diyastol veya erken sistolinde olan kiint
travmalarda septal yaralanmalar daha siktir. Operasyon sirasinda kalpte thrill
almabilir ya da sag atriyum-pulmoner arterden aliman kan &rnekleri ile tani
konulabilir. Alternatif ekokardiyografi ve kateterizasyonla da tan1 konulabilir.
Septal laserasyonlar genellikle akut donemde onarim gerektirmezler. Bu
lezyonlarin spontan kapanabilecegi goriilmiistiir. Erken donem olusan hemorajik
ve ekimotik kas dokusunun tamirinden sonra niiks olabilmektedir. 2-3 ay sonra
olusan fibr6z doku daha kesin bir kapanma saglar. Erken donem tamirde hastanin
kardiyopulmoner bypassa girmesi gerekecegi i¢in heparine bagli baska yiiksekse,
kardiyak dilatasyon goriiliiyorsa ya da akciger konjesyon bulgular1 varsa eken
donem tamiri gerekebilir. (Stamm et al. 2002)

Valviiler yaralanmalar daha ¢ok kiint travmlarda ortaya ¢ikar. Ani yiikselen
basinca bagli lifletlerde ya da komissurlerde yirtilmalar olur.

Aort kapak yaralanmasi kiint travmada en sik 6liim sebebidir. Aort kapak
yaralanmasi sol ventirikiil diyastoliinde iken ani basing artigina bagl olarak
olusur. Aort kapak yetmezligine bagl klinik bulgular olusur. Diyastolik basingta
azalma, genis nabiz basinci, tasikardi goriiliir, diyastolik {ifiirim duyulabilir.
Tedavi edilmezse kalp yetmezligi progresif olarak ilerler. Klinik aort kapak
yetmezligi diizeyine baglidir, bazi hastalarda acil kapak replasmani ihtiyaci
olabilir. Baz1 hastalarda aort diseksiyonu ile birliktedir.

Mitral kapak yaralanmasi aort kapak yaralanmalarina gore daha az goriiliir.
Geg diyastol veya erken sistolde olusan travmayla meydana gelirler. En sik
papiller adele riiptiirii vardir, korda tendinea riiptiirii ve leaflet yirtilmalart azdir.
Kalp yetmezligi semptomlari vardir. Transtorasik ekokardiyografi ile tam
konulabilir. Klinik bulgulara goére operasyon zamanina karar verilir. Siddetli
yetmezlik baslangicta intraaortik balon pompasindan fayda goriir. (Pathi, Jones,
and Davidson 1996)

Trikispit kapak yaralanmast, kapagin anterior yerlesimine baglh olarak, mitral
kapaga gore daha sik goriiliir. Klinik olarak diger kapaklara goére daha iyi
progresiflidir. Sag kalp yetmezligi bulgular1 goriiliir. Ekokardiyografi ile tani
konulur. Onarim miimkiinse erken cerrahi onerilir. (Chiu et al. 1996)

Kiint travmalarda koroner arter yaralanmalari nadirdir, en sik sol anterior
desenden arter sonra sirasiyla sag koroner ve circumflex arter gelir. Eger distal
arter uclarinda laserasyon varsa ligate edilir. Miyokard enfaktiisiindeki gibi

10



medikal tedavi verilir. Arteriyo-vendz fistlil gelismisse fistiiliin proskimal ve
distaline ligasyon ve distal bypass yapilir.
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Periferik Damar Yaralanmalari

Mahmut Firat Kaynak'
1. Giris

Periferik damar yaralanmalar1 (PDY), 6zellikle penetran ve yiiksek enerjili
travmalar sonucu acil servis basvurularinda karsilagilan, morbidite ve mortalite
riski yliksek durumlar arasinda yer alir. Gecikmis tan1 ya da yetersiz miidahale,
amplitasyon oranlarinda artisa neden olabilir (Xu et al., 2019).

PDY’ler, travma nedeniyle bagvuran hastalarda %1—4 oraninda goriilmekle
birlikte, biiylik damarlarin tutuldugu olgularda bu oran hayati risk tasir (Feliciano
et al.,, 2011). Bu baglamda acil tip hekimlerinin PDY hakkinda bilgi sahibi
olmalari, mortalite ve ampiitasyon oranlarini dogrudan etkiler. (Kobayashi et al.,
2020).

2. Epidemiyoloji

PDY genellikle geng, aktif bireylerde, trafik kazalari, atesli silah
yaralanmalari, kesici-delici alet travmalart ve endiistriyel kazalar gibi yiiksek
enerjili travmalar sonucu olusur. En sik alt ekstremite (6zellikle femoral ve
popliteal arterler) ve {ist ekstremite brakiyal arterler etkilenmektedir (Halvorson
etal., 2011).

Mirdamadi ve arkadaslarinin (2022) retrospektif verilerine gore, PDY ’lerin
%60’tan fazlas1 penetran travmalardan kaynaklanmaktadir. Vakalarin %80’
erkeklerde goriilmekte olup, ortalama yas 30 civarindadir (Mirdamadi et al.,
2022).

Yaralanma Mekanizmalarina Gore Sikhk:

¢  Penetran travmalar: %60-70 (atesli silah, bicak yaralanmalar)

e Kiint travmalar: %20-30 (diisme, trafik kazalar)

o Ilatrojenik nedenler: %5-10 (kateterizasyon, girisimsel prosediirler)

Ayrica savag ve afet alanlarindaki veriler, ekstremite damar yaralanmalarinin
bu tiir kosullarda oldukga sik goriildiigiinii ortaya koymaktadir (Xu et al., 2019).

! Consultant Emergency Medicine,Qatar, Orcid: 0000-0002-1556-0815
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3. Klinik Degerlendirme ve Fizik Muayene Bulgulan

PDY acil serviste degerlendirilmesi hizli, sistematik ve hedefe yonelik
olmalidir. Erken tani, ekstremitenin korunmasi agisindan hayati 6neme sahiptir.

3.1 Sert ve Yumusak Vaskiiler Bulgular

Klinik olarak vaskiiler yaralanmalar, “sert (hard)” ve “yumusak (soft)”
bulgulara gore simiflandirilir. Bu siniflama, cerrahi gereksinim agisindan
yonlendirici olup, tan1 algoritmalarinda temel rol oynar (Kobayashi et al., 2020).

Sert Bulgular (hard sign) (Cerrahi endikasyon kabul edilir):

Devam eden eksternal hemoraji

Nabizsiz ekstremite
Genisleyen pulsatif hematom
Thrill sesi alinmasi

Distal iskemik bulgular (sogukluk, solukluk, motor/duyu kayip)

Yumusak Bulgular (soft sign):

Yakin anatomik bolgede yara
Kiigiik hematom

Norolojik defisit

Hafif kanama

Gecgici nabizsizlik (sok sonrast vs.)

3.2 Periferik Nabiz Muayenesi

Periferik nabizlarin bilateral palpasyonu 6nemlidir. Kuskulu olgularda el

Doppleri ile degerlendirme yapilmalidir. (Halvorson et al., 2011).

3.3 Klinik Siniflama ve Karar Algoritmalar

Western Trauma Association tarafindan oOnerilen algoritmaya gore, ‘hard
sign’ varliginda direkt cerrahi girisim veya acil BT anjiyografi 6nerilir. Yumusak

bulgular varsa, goriintiileme sonrasi karar verilir (Feliciano et al., 2011).

4. Goriintiileme Yontemleri ve Tan1 Yaklasim

PDY tam1 koymanin temel amaci, hayati tehdit eden kanamalar1 veya
ekstremiteyi tehdit eden iskemiyi hizla ortaya koymaktir. Klinik bulgularin
yetersiz oldugu durumlarda goriintiileme yontemleri devreye girer. Bu yontemler,
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taniy1 netlestirmekle kalmaz; ayn1 zamanda miidahale planlamasinda da yol
gostericidir.

4.1 Doppler Ultrasonografi (USG)

Renkli Doppler USG, acil serviste hizli uygulanabilirligi ve noninvaziv dogas1
sayesinde ilk basamak gériintiileme y&ntemi olarak dne cikar. Ozellikle yumusak
vaskiiler bulgularin oldugu olgularda yararlidir. Ancak yontemin kullanicrya
bagimli olmasi, derin veya travmaya bagh 6demli dokularda tanisal duyarliligimi
sinirlayabilir (Halvorson et al., 2011).

4.2 BT Anjiyografi (CTA)

BT anjiyografi, PDY tanisal dogrulugu en yiiksek yontemlerden biridir.
Kontrast madde ile yapilan bu tarama, damar liimeni, trombiis, aktif kanama,
pseudoanevrizma gibi patolojilerin hizli bir sekilde degerlendirilmesini saglar.
Gilinlimiizde, 6zellikle stabil hastalarda cerrahiye karar verme siirecinde siklikla
tercih edilmektedir (Kobayashi et al., 2020).

4.3 Anjiyografi (DSA)

Klasik dijital subtraksiyon anjiyografi (DSA), hem tani hem de tedavi
amaciyla kullanilabilen bir yontemdir. Ancak zaman ve kaynak gerektirdiginden,
genellikle girisimsel radyoloji olanaklarinin mevcut oldugu merkezlerde
uygulanir. Endovaskiiler miidahale planlanan olgularda vazgecilmezdir
(Feliciano et al., 2011).

4.4 ABI (Ankle-Brachial Index)

ABI olgiimii, klinik siiphe tasiyan ancak sert bulgular1 olmayan hastalarda
tarama amaciyla kullanilabilir. Brachial ve ayak bilegi arteriyel basinglar
karsilastirilarak elde edilen bu indeksin <0.9 olmasi, vaskiiler yaralanma
agisindan ileri goriintiileme gerekliligini ortaya koyar (Modrall et al., 1998).

5. Yaralanma Tipleri ve Damar Patolojileri

PDY tipi, hem klinik tablonun agirligini hem de miidahale yontemini belirler.
Yaralanmanin mekanizmasina bagli olarak arterde veya vende olusan hasar farkli
formlarda karsimiza ¢ikar. Bu farkliliklar, tani stratejilerinin yani sira cerrahi ya
da endovaskiiler tedavi planlamasinda da belirleyici rol oynar.

5.1 Transeksiyon

Damarin tam kalinlikta kesilmesi anlamina gelen transeksiyon, genellikle
penetran travmalar sonucu ortaya ¢ikar ve ¢ogu zaman yogun kanama ile
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seyreder. Bu durum, acil cerrahi onarim gerektiren bir tablodur. Damar uglari
genellikle retrakte olur ve distal perfiizyon hizla bozulur (Kobayashi et al., 2020).

5.2 Intimal Yaralanma

Damarin i¢ tabakasinda meydana gelen bu tip hasar, ¢ogunlukla kiint
travmalarla iliskilidir. Intimal diseksiyon veya flap olusumu, zamanla tromboz
gelismesine neden olabilir. Bu tiir yaralanmalar, baslangicta belirgin nabiz
degisikligi olmadan da seyredebilir; bu nedenle siipheli durumlarda goriintiileme
kagiilmazdir (Halvorson et al., 2011).

5.3 Tromboz

Travmatik endotel hasar1 sonrasinda damar iginde pihti olusabilir. Bu durum,
perfiizyon kaybi ile kendini gosterir ve genellikle distal nabizlarin kaybolmasiyla
birlikte degerlendirilir. Tromboz hem arteriyel hem venoz sistemde goriilebilir ve
klinik olarak iskemik bulgularla seyreder (Feliciano et al., 2011).

5.4 Arteriovenoz Fistiil

Penetran travmalarda arter ve venin birlikte hasar gérmesi durumunda,
aralarinda anormal bir baglanti olusabilir. Bu durum arteriyel kanin venoz
sisteme dogrudan gegmesine neden olur ve palpabl thrill ya da duyulan brui ile
taninabilir. Tedavi edilmedigi takdirde kalp debisinde artis ve distal iskemi gibi
sorunlara yol agabilir.

5.5 Pseudoanevrizma

Damar duvarinda kismi yirtilma sonucu, disa dogru genisleyen ancak endotel
ile kapli olmayan bir balonlasma meydana gelir. Genellikle gecikmis olarak
ortaya ¢ikar ve enfekte olabilir. Ultrasonografi ve BT anjiyografi ile kolayca
taninir (Xu et al., 2019).

6. Acil Miidahale ve Cerrahi Olmayan Yaklasimlar

PDY tedavi siireci, olay yerinden baslayarak hastane i¢ci miidahalelere kadar
uzanan ¢ok asamali bir zinciri igerir. Acil servisteki ilk degerlendirme, sadece
hayat kurtarici1 olmakla kalmaz; aym zamanda ekstremitenin fonksiyonunu
korumada belirleyici rol oynar. Cerrahi disi ilk yaklagim adimlari, 6zellikle masif
kanamalarin ~ kontrolii, hipovoleminin &nlenmesi ve iskemik siirecin
geciktirilmesine odaklanir.

6.1 Basinchh Kompresyon- Turnike uygulamasi

Aktif hemorajisi olan hastalarda dogrudan basing uygulanmasi, en temel ve
etkili yontemlerden biridir. Temiz bir gazli bezle yapilan basing uygulamasi,
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arteriyel kanamalarm gecici kontroliinde oldukca etkilidir. Ozellikle gecici
stabilizasyon saglanincaya kadar cerrahiye zaman kazandirir (Feliciano et al.,
2011). Turnike uygulamasi ise periferik perfiizyonu keserek iskemiye yol
acabileceginden, siiresi 1-2 saatle sinirlandirilmali ve miimkiin olan en erken
zamanda ¢oziilmelidir. (Xu et al., 2019).

6.2 Ekstremitenin Pozisyonlanmasi ve Splintleme

Travmaya ugrayan ekstremitenin uygun pozisyonda immobilize edilmesi hem
kanamanin kontroliine yardimci olur hem de mevcut damar yaralanmasinin daha
da kotiilesmesini engeller. Bu, 6zellikle eslik eden kemik kiriklarinin bulundugu
olgularda 6nemlidir.

6.3 Siv1 Resiisitasyonu ve Transfiizyon

Masif hemorajisi olan hastalarda hipovolemik sokun 6nlenmesi i¢in erken sivi
replasmani ve gerekirse kan transfiizyonu yapilmalidir. Ancak son yillarda
travma resiisitasyonundaki egilim, “hedefe yonelik sivi tedavisi” yaklagimi ile
minimal siv1 verilerek yeterli perfiizyon saglamak yoniindedir (Kobayashi et al.,
2020).

6.4 Antibiyotik ve Tetanus Profilaksisi

Acik yaralanmalarda enfeksiyon riski yiiksek oldugundan, genis spektrumlu
antibiyotiklerle erken profilaksi uygulanmalidir. Ayrica, tetanoz immiinizasyon
durumu sorgulanmali ve gerekirse profilaksi saglanmalidir.

7. Cerrahi Yaklasimlar ve Endovaskiiler Miidahaleler

PDY cerrahi tedavi, damar biitiinliigiiniin yeniden saglanmasini ve ekstremite
perfiizyonunun korunmasini amaglar. Miidahale karar1, yaralanmanin tipi, yeri ve
eslik eden yapisal hasarlara gore sekillenir.

7.1 Cerrahi Teknikler

Acik cerrahi, ozellikle aktif kanama, iskemik ekstremite ya da damar
transeksiyonu gibi durumlarda tercih edilir. Temel cerrahi islemler arasinda:

e  Primer tamir (ug uca anastomoz),

e  Vaskiiler greftle rekonstriiksiyon (6zellikle vena saphena kullanimi),
e Ligasyon (ven6z yaralanmalarda)

e Endovaskiiler Girisimler

(Kobayashi et al., 2020).

20


https://journals.lww.com/jtrauma/fulltext/2011/06000/Evaluation_and_Management_of_Peripheral_Vascular.37.aspx
https://journals.lww.com/jtrauma/fulltext/2011/06000/Evaluation_and_Management_of_Peripheral_Vascular.37.aspx
https://journals.lww.com/md-journal/fulltext/2019/05030/Diagnosis_and_treatment_of_traumatic_vascular.40.aspx
https://journals.lww.com/jtrauma/fulltext/2020/12000/American_Association_for_the_Surgery_of.26.aspx
https://journals.lww.com/jtrauma/fulltext/2020/12000/American_Association_for_the_Surgery_of.26.aspx
https://journals.lww.com/jtrauma/fulltext/2020/12000/American_Association_for_the_Surgery_of.26.aspx

8.1 Erken Déonem Komplikasyonlar:
@ Masif Kanama ve Hemorajik Sok

Aktif arteriyel kanamalar kisa siirede hipovolemik soka yol agabilir. Ozellikle
gozle goriinmeyen retroperitoneal veya kas i¢i hematomlarda kan kayb1 gozden
kacabilir. Acil serviste nabiz, kapiller dolum ve mental durum takibiyle
perfiizyonun dinamik olarak izlenmesi esastir (Feliciano et al., 2011).

. Akut Ekstremite iskemi

Distal nabzin kaybi, sogukluk, solukluk ve motor-duyu kaybi ile kendini
gosterir. Gecikmis tan1 ampiitasyonla sonuglanabilir. Bu nedenle, 6zellikle nabzi
olmayan ama kanamasi olmayan hastalarda iskemik bulgular titizlikle
aranmalidir.

3¢ Kompartman Sendromu

Arteriyel rekanalizasyon sonrasi ya da damar tamirine eslik eden édemde,
kapali fasyal alanlarda basing artis1 gelisebilir. Agri, pasif ekstansiyonla artis,
duyu kayb1 ve kas zayifligi ilk belirtilerdir. Hekim, saatler i¢inde gelisebilecek
bu tabloya karsi tetikte olmalidir (Kobayashi et al., 2020).

% Enfeksiyon
Ozellikle kontamine yaralanmalarda ya da gecikmis miidahalede yara
enfeksiyonu, fasiit, greft enfeksiyonu gelisebilir.
8.2 Ge¢ Donem Komplikasyonlar:
Vaskiiler Okliizyon / Tromboz

Damar tamirinin ardindan reokliizyon riski vardir. Semptomlar giinler veya
haftalar sonra ortaya ¢ikabilir. Uzun donem takipte distal nabizlar ve ABI 6l¢limii
ile perfiizyon degerlendirilmelidir.

+/ Pseudoanevrizma

[Ik miidahale sirasinda fark edilmemis damar duvar hasarlari zamanla
balonlasmaya neden olabilir. Genellikle pulsatif kitle ve brui ile ortaya ¢ikar.
Doppler USG veya BT anjiyografi ile tan1 konur (Xu et al., 2019).

Arteriovenoz Fistiil

Baz1 olgularda arter ve ven arasindaki baglantilar ge¢ donemde belirti verir.
Klinik olarak stirekli brui, genislemis damarlar ve vendz hipertansiyon bulgular
goriilebilir.
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23 Nérolojik Sekeller

Damar hasarina eslik eden sinir yaralanmalart uzun dénem parezi, parestezi
ve fonksiyon kaybina yol agabilir.

9. Ozel Durumlar
9.1 Pediatrik Hastalar

Cocuklarda damar ¢ap1 daha kiigiik oldugundan hem tanisal goriintiileme hem
de cerrahi miidahaleler teknik olarak daha zordur. Ek olarak, kan kaybi
toleranslar diigiikk oldugundan, az miktarda hemoraji bile hizli dekompansasyona
yol acabilir. Bu nedenle, nabiz takibi ve kapiller dolum zamani gibi klinik
bulgulara daha fazla giivenilirlik atfedilir (Kobayashi et al., 2020).

9.2 Antikoagiilan Kullanan Hastalar

Travmadan once antikoagiilan veya antitrombosit ajan kullanan hastalarda
hemorajik komplikasyon riski belirgin sekilde artar. Klinik olarak kanama daha
gec fark edilebilir ve hematomlar hizla biiyiiyebilir. Ilk degerlendirmede fark
edilemeyecek gizli kanama odaklari olabilir.

9.3 Afet/Savas Alam ve Kisith Kaynak Ortamlar

Afet bolgelerinde veya askeri operasyon sahalarinda, tani ve tedavi imkanlari
sinirli olabilir. Bu gibi ortamlarda turnike uygulamasi, basit kompresyon ve hasar
kontrol cerrahisi gibi yontemler one c¢ikar. Erken triyaj ve tahliye stratejileri
hayati 6nem tasir (Xu et al., 2019).

10. Sonug¢ ve Klinik Oneriler

PDY, erken tan1 ve uygun miidahale ile yiiksek oranda basariyla yonetilebilen
ancak zamanla yaris gerektiren klinik tablolardir. Acil serviste gorev yapan
hekimler i¢in bu tiir olgular, hizli karar verme ve disiplinler arasi is birligi becerisi
gerektirir.

Klinik Uygulama i¢in Temel Oneriler

e Fizik muayene her seyin baslangicidir. Ciddi bulgularin varliginda,
ileri gdriintiileme beklenmeden cerrahi degerlendirme yapilmalidir.

e  ABI élciimii (< 0.9), siipheli olgularda basit ama etkili bir tan1 aracidur.

e BT anjiyografi, stabil hastada tan1 dogrulugu yiiksek, hizli ve erisilebilir
bir yontemdir.
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¢  Turnike uygulamasi, 6n hastane kosullarinda hayat kurtarir ancak
hastane ortaminda stiresi mutlaka takip edilmelidir.

e Kompartman sendromu, rekanalizasyon sonrasi dahi gelisebilir;
takipte bu olasilik akilda tutulmalidir.

e Antibiyotik ve Tetanus profilaksisi, acik ve kontamine yaralanmalarda
gec kalinmadan baslanmalidir.
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Kardiyak Miksomalar

Ibrahim Yel' &Sedat Ozan Karakisi® & Dogus Hemsinli’
1-GIRIS

Miksomalar kalbin primer benign tiimorleridir. Kalbin primer tiimorlerinin
%80’1 benigndir.(Reynen 1995) Eriskinlerde bening kardiyak tliimerlerin
%50’sin1 miksomalar olusturur.(Sdnchez Sotelo et al. 2023) Pediatrik
benign tiimorlerinin %10-15"ini olusturmaktadir. Miksoma saptanan
kisilerin ticte ikisi 30-60 yas aralifindadir.(McAllister, Hall, and Cooley
1999) Insidental saptanabildigi gibi kalbin bulundugu bélgesine gore nefes
darligi, emboli gibi klinik bulgular da verebilir. Tipik sporadik
miksomalarin aksine ailesel gecisli miksomalar daha erken yaslarda
goriilebilir ve cerrahi sonrasi rekkiirens daha fazla goriliir. Histolojik
olarak sporadik miksomalarla aynidir.(Van Gelder et al. 1992)

2-PATOLOJI-HISTOPATOLOJI

Miksomalar ¢ogunlukla ayn1 makroskobik ve mikroskobik 6zelliklere sahip
olsalar da bazen farkliliklar olabilmektedir. Miksomalar ¢ogunlukla
subendokardiyal dokunun mezenkim hiicrelerinden kaynaklanan jelatinimsi,
yumusak, polipoid, pedikiillii frajil bir yapiya sahiptir. Miksomalarin %75’1 sol
atriyuma %18’1 sag atriyuma ve %4-6 ventrikiillerde yerlesir.(McAllister HA
1978)

Mikroskobik  olarak miksomalar ¢ok kenarli hiicreler ve asit
mukopolisakkritlerrden zengin miksoid matirksten olusur. (Left et al. 2024)
Matriks i¢inde yer alan hiicreler genellikle tek tek ya da kiiciik kiimeler halinde
dagilmistir. Diisiik diizeyde mitotik aktivite gozlenirken, matriks bilesenleri
arasinda kollajen ve elastin lifleriyle birlikte diiz kas hiicreleri ve retikiilositler
yer alir. Ayrica, kistik yapilar ve zaman zaman hemorajik alanlara da
rastlanabilir.(Reynen  1995) Miksomalarin  subendokardiyal —mezenkim
hiicrelerinden kokenli olabilecegi diisiiniilmektedir. Baz1 bolgelerde mikroskobik
kalsiyum birikimlerine, metastatik kemik olusumlarma ve glandiiler yapilara
rastlanabilir. Miksomalarin taban kisminda subendokardiyuma dogru uzanarak
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oraya tutunan arter ve venler mevcuttur; bu vaskiiler yapilar subendokardiyal
bolgede yiizeysel bir seyir izler. Ferrans ve Roberts, miksoma hiicrelerinin
histopatolojik 6zelliklerinin tiimoriin kdkenine iligkin kesin bilgi sunmadigim
belirtmislerdir. Ayrica Kutandz leiomyomatozis ile birlikte goriilebildigi gibi
ates, hipergamaglobulinemi ve kilo kaybi gibi sistemik bulgularin, ndronal
kokenli mekanizmalarla iligkili olabilecegi bildirilmektedir. (Ferrans and Roberts
1973) Miksomalarin boyutlar1 1 cm ile 15 cm arasinda degisiklik gostermekle
birlikte, cogunlukla yaklasik 5-6 cm capindadir. Agirliklar1 genellikle 50-60
gram arasinda olup, bazi olgularda 175 grama kadar ulasan miksomalar da rapor
edilmistir Tipik olarak, tiimorler orijin aldiklar1 bolgeye bir sap araciligiyla
tutunmakta ve bulundugu kardiyak kaviteye dogru polipoid, diizgiin yiizeyli bir
yap1 seklinde projekte olmaktadir. Jelatindz ve mukoid kivamlariyla karakterize
edilirler. Hareketlilikleri ise, sapin uzunlugu, yapinin tutundugu yer ve igerdikleri
kollajen miktarma bagli olarak degiskenlik gosterir. Cogunlukla sapli ve mobil
ozellikte olmakla birlikte, genis tabanla ¢evre dokulara tutunmus, dolayisiyla
hareket yetenegi kisitli miksoma tipleri de mevcuttur. Makroskopik olarak beyaz,
sar1 ya da kahverengi tonlarinda olabilirler; i¢ yapilarinda zaman zaman
hemorajik alanlar ile trombiis formasyonlar1 gézlenebilir.(McAllister HA 1978)
Miksomalar dig goriiniislerine gore solid ve papiller olmak {izere ikiye
ayrilmaktadir. Papiller yapidaki miksomalar kolayca dagilabilir ve diizgiin sinirlt
degildir, bu durum muhtemel embolilerden sorumludur. Solid miksomalar
diizgiin yiizeyli ve bir kapsiille ¢evrilidir, ¢cogunlukla cerrahi olarak tek parca
olarak kardiyak kaviteden eksize edilir. (Garatti et al. 2012) Atriyal Miksomalar
cogunlukla fossa ovalisten kdken almakla birlikte, atriyal duvardan, mitral ve
trikiispit kapaklardan, koroner siniisten, pulmoner ven giriglerinden Eustachian
Valve gibi bolgelerden kaynaklanabilir. Sol atriyumda olusan kitlelerde akciger
maligniteleri, mezotelyoma, karsinom ve sarkomlarda diisiiniilmelidir. Sag
atriyum tiimorlerinde bdbrek ve uterus tiimorlerin vena kava igerisindeki
uzanmmlar1 unutmamalidir. Atriyal miksomalar ¢ogunlukla bir atriyuma bir
noktadan tutunsada ayni atriyum igerisinde multifokal tutulum gdsteren ve
biatriyal tuturulm gdsteren miksomalarda azinlikta olmakla birlikte bildirilmistir.
Multifokal tutulum ¢ogunlukla ailesel ve sendromik olanlardir. (Irani et al. 2008)
Ventrikiiler miksomalar kadin ve ¢ocuklarda daha fazla goriiliir ve mutlifokal
egilimlerdi daha fazladir, daha ¢ok sag ventrikiilde bulunurlar. (McAllister HA
1978) Cogu serbest duvar ya da interventrikiiler septumdan kaynaklanir. Sol
ventrikiil miksomalar1 nadirdir ve genellikle posterior papiller bolgeden
kaynaklanir.
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3-KLINiK VE PATOFIiZYOLOJi

Kardiyak miksomalarin klinik bulgulart net olmadugu igin tanidan
miksomadan siiphelenilmesi 6nemlidir. Miksomalar asemptomatik oldugu gibi 3
ana klinik gruba ayrlabilir. Sistemik bir hastaligi andiran konstitiisyonel
bulgular, embolik bulgular, mital ya da trikiispit kapaklarin tikanmasim taklit
eden bulgular.(Silverman 1980) Miksomal: hastalarin biiyiik cogunlugunda kilo
kaybi, ates, yorgunluk, anemi (hemolitik), sedimantasyon yiiksekligi ve
immunglobulin  yiiksekligi gibi sistemik belirtilere rastlanir. Serum
immunglobulin artisinin, tiimdr dejenreasyonun ve tiimor tarafindan iiretilen asir
interlokin 6’ya yanit olarak ortaya ¢ikabilir. Daha az olarak saptanan bulgular ise
polisitemi, 16kositoz, trombositopeni, gomak parmak, artralji, Raynaud fenomeni,
comak parmak ve meme fibroadenomlaridir. (Endo et al. 2002) Miksomali
hastalarin yaklasik {i¢te birinde sistemik emboli goriiliir. Emboli durumu tiimériin
frajil olmas1 ve kalp bosluklarinda yer olmasindan dolay1 siktir. Emboli siklikla
ekstremite arterlerine, serebral dolagima, renal arterlere ve koroner arterlere olur.
Nadiren sol atriyumdaki dev miksoma abdominal aorta bifurkasyon total
okliizyonuna neden olabilir. (McAllister HA 1978)(Buch and Soni 2025)
Ozellikle geng siniis ritmindeki hastalarda, enfektif endokardit yoklugunda,
tekrarlayan embolilerde kardiyak miksoma akla gelmelidir. Sag atriyal
miksomalar pulmoner emboliye neden olabilir ayrica trombolitik tedaviye
ragmen tamamen diizelmez ve pulmoner hipertanisyona neden olabilir. Hastada
atrial septal defekt varliginda paradoks emboliler goriilebilir. Sol atiryumda
yerlesen miksomalar pulmoner venlerde okliizyona, pulmoner hipertansiyona ve
sag kalp yetmezligine neden olabilir. Semptomlar arasinda hemoptizi, okiistirtik,
efor dispnesi, ortopne, gogiis agrisi, carpintt ve perifeik 6dem goriilebilir.
Ozellikle yatinca dipnenin azalmasi gibi hastanin pozisyonundaki degisikliginin
semptomun siddetinde belirgin etki yapmas1 miksomay1 akla getirir. (A Rare
Cause of Dyspnea: Left Atrial Myxoma Mimicking Pulmonary Embolism n.d.)
Sag atriyum miksomalari genelde daha biiyiiktiir ve trikiispit kapak darligini taklit
edebilir ya da kapak dejenerasyonuna bagl olarak trikiispit kapak yetmezligine
neden olabilir. (Guhathakurta and Riordan 2000)

4- SEMPTOM VE BULGULAR

Sol atriyal miksomalar siklikla mitral darlig: taklit ederler. En sik carpint1 ve
dispne goriiliir. Semptomlar genelde kisa siirelidir. Sag atriyal miksomalar sag
kalp yetmezligini taklit edebilir. Perfierik 6dem, hepatomegali, abdominal
distansiyon goriilebilir. Sistemik embolilerde periferlerde sogukluk, noérolojik
defisit, koroner anjina, pulmoner emboliye bagl dispne goriilebilir. Hsatalarin
cogunda kardiyak oskiiltasyonda apikal diyastolik veya sistolik {iflirlim ya da her
ikisi birden duyulabilir. Sag kalp yetmezligi ya da pulmoner hipertansiyon
goriilen hastalarda trikiispit yetmezligi tiflirlimii duyulabilir.
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5-TANI

Noninvazin ydntemlerden transtorasik ekokardiyografi kardiyak tiimor
tanisinda yiiksek sensitivite ve spesifiteye sahiptir. Ekokardiyografide, kardiyak
bosluklar, kapak yapilari, vena kavalar ayrintili bir sekilde degerlendilebilir.
Miksomanin tutundugu bolge, etkilenen kapak yapilari, ventrikiil fonksiyonlarina
etkisi gosterilebilir. Neredeyse %100 yakin tan1 sadece trans torasik
ekokardiyografi ile konulabilir. Transézefageal eko (TEE) miksomalarin
morfolojisini degerlendirmede transtorasik ekoya gore daha iistiindiir.
(Munirathinam, Kumar, and Singh 2022) Miksoma tanisinda siiphe varsa
kardiyak bilgisayarli tomografi (BT) ya da manyetik rezonans goriintiileme
(MRG) tiimdr invazyonu, boyutu, yiizey dokusu hakkinda bilgi verebilir. BT ve
MRG siklikla kalbin malign tiimorlerinin tamisinda kullamilir. Kardiyak
kateterizasyon miksoma tamisindan ¢ok anjinayr arastirmak igin yapilir.
Elektrokardiyografi (EKG) tasikardi goriilebilir, cogunlukla siniis ritmindedir.
Telekardiyografide kardiyomegali, sol atriyal biiylime, pulmoner konjesyon
goriilebilir ancak hig birisi miksoma i¢in spesifik degildir.

6-TEDAVI

Miksomalarin tedavisinde su anda kabul gérmiis en etkili yontem cerrahi
olarak eksize edilmesidir. Cerrahi yapilirken temel yaklasim mediyan
sternetomidir. Alternatif olarak sag anterolateral torakotomi ile de yaklasim
yapilabilir. Kardiyopulmoner bypass altinda kalp boslugu a¢ilarak direk goriis ile
cerrahisi yapilir. Cerrahi sirasinda embolik olaylara neden olmamak icin aort
klemp konulana kalbe major manipiilasyonlardan kacinilmalidir. Sag atriyal
miksomaya yaklasim icin sag atriyotomi yapilir, sol atriyal miksoma igin sol
atriyotomi ya da sag atriyum igerisinden transeptal olarak ulasilabilir. Ventrikiil
igerisindeki miksomalar i¢in sag ya da sol atriyotomi ile ulasim saglanmaya
calisilir, eger yeterli olmazsa ventrikilotomi yapilabilir. (Kamiya et al.
2001)(Guhathakurta and Riordan 2000)(Sanchez Sotelo et al. 2023)
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Postoperative Bleeding and Cardiac Tamponade in
Cardiovascular Surgery

Miimtaz Murat Yardimct! & Cengiz Giiven®

1.Giris

Postoperative bleeding, although reported with a revision rate of 1-5%,
remains one of the most significant complications associated with open-heart
surgery. Cardiopulmonary bypass (CPB) itself and systemic heparinization
expose each patient to varying degrees of bleeding risk. Ensuring normal
hemostatic mechanisms preoperatively, managing the effects of anticoagulants,
and diagnosing and treating perioperative hemostatic disorders are essential for
successful surgical outcomes (1).

2. Preoperative Evaluation

The most crucial step in identifying patients with coagulation defects is taking
a detailed history. Patients with mild coagulation disorders often present with
normal routine screening tests. Most bleeding disorders are acquired and usually
result from primary liver disease, uremia, or the use of medications that interfere
with hemostasis. However, congenital bleeding disorders, though rarer, can also
be present.

Key preoperative questions to assess bleeding risk include:
a. Presence of abnormal bleeding tendency or bruising

b. Whether the bleeding is generalized or localized

c. Whether it occurs spontaneously

d. Association with trauma

e. Severity of trauma or surgical procedure

f. History of epistaxis or prior surgeries

g. History of transfusions

h. Current medications
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Physical examination is generally less helpful in preoperative assessment of
bleeding disorders, but findings such as petechiae, ecchymosis, and spider
angiomas warrant further investigation (1,2).

3. Laboratory Screening Tests

Initial evaluation typically includes prothrombin time (PT), activated partial
thromboplastin time (aPTT), platelet count (especially in patients with a history
of bleeding or recent antiplatelet use), and bleeding time.

*Prothrombin Time (PT): Evaluates abnormalities in the extrinsic pathway.
Prolongation may indicate deficiencies in factor VII, factor V, prothrombin, or
fibrinogen, or the presence of circulating anticoagulants like heparin.

*Partial Thromboplastin Time (PTT): Assesses the intrinsic pathway.
Prolongation suggests deficiencies in factors XII, XI, IX, VIIL, V, II, or I, or the
presence of circulating anticoagulants.

*Activated Partial Thromboplastin Time (aPTT): Identifies functional
deficiencies in the intrinsic and common pathways. It is prolonged in the presence
of specific factor deficiencies or inhibitors, DIC, liver disease, massive
transfusion, or heparin contamination.

*Thrombin Time (TT): Used when PT and aPTT are normal, but bleeding is
suspected. Prolongation may be due to fibrinolysis, fibrin degradation products,
or heparin.

*Platelet Count: Should exceed 100,000/mm?. However, this does not assess
platelet function.

*Bleeding Time: Prolonged (>6 minutes) in thrombocytopenia, aspirin use, or
functional platelet defects.

*The combination of history, PT, aPTT, and platelet count provides effective
screening for postoperative bleeding risk (4,5).

4. Hereditary Bleeding Disorders

Hereditary coagulation disorders usually result from deficiency of a specific
factor. Classic hemophilia A and B result from deficiencies in factors VIII and
IX, respectively—both are X-linked recessive disorders. Mild forms may remain
asymptomatic except during major hemostatic challenges such as surgery. These
syndromes typically show prolonged aPTT, with normal PT and platelet function.

Von Willebrand Disease (VWD) is the most common hereditary bleeding
disorder, characterized by easy bruising, mucosal bleeding, prolonged bleeding
time, and abnormal ristocetin-induced platelet aggregation. aPTT may be
prolonged. Diagnosis allows for safe surgery with appropriate factor replacement.

35



Factor VIII concentrates are used for hemophilia A, and factor IX or prothrombin
complex for hemophilia B. In emergencies, fresh frozen plasma or cryoprecipitate
can be used. Rarely, acquired hemophilia may develop due to antibodies against
factor VIII in non-hemophilic individuals (5,6).

5.Acquired bleeding disorders
5.1. Platelet Dysfunction from Diseased Heart Valves or Assist Devices

Turbulent flow across diseased valves or intra-aortic balloon pumps
chronically activates and damages platelets, leading to both depletion and
dysfunction. Use of antiplatelet agents may worsen this dysfunction. Bleeding
time is an important screening test in this group. If thrombocytopenia
(<100,000/uL) is present, it may be due to consumption. Platelet transfusions
provide only temporary benefit until the source of activation is corrected. Optimal
timing is after cardiopulmonary bypass has been terminated (7,8).

5.2. Congenital Cyanotic Heart Disease

Children with congenital heart defects often exhibit bleeding disorders.
Platelet aggregation may be impaired. Thrombocytopenia, shortened platelet
lifespan, and dysfunction are associated with arterial hypoxemia and
hemoconcentration. Severe hypoxemia may impair hepatic synthesis of clotting
factors. Compensatory hemoconcentration leads to relative plasma deficiency
and impaired clot formation. Recent studies suggest decreased von Willebrand
factor receptors on platelets in cyanotic patients. Preoperative phlebotomy and
hemodilution to a hematocrit of 50-60% may enhance both platelet count and
function (9).

5.3. Drug-Induced Hemostatic Defects

Medications are the most frequent cause of impaired hemostasis before
cardiac surgery. While cessation of all hemostasis-affecting drugs is rarely
feasible, many cause only mild, subclinical effects. Therapy may need to continue
until the time of surgery due to necessity or urgency (10).

6.Anticoagulants

If therapeutic anticoagulation cannot be withheld before surgery, several
strategies are available. Warfarin may be discontinued 1-2 days prior, allowing
some residual anticoagulant effect. Vitamin K or fresh frozen plasma (FFP) may
be administered intraoperatively. Heparin and protamine are routinely used
during CPB. In emergencies, IV heparin infusions may continue preoperatively
but require careful intraoperative monitoring due to variability in heparin
response (11).
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7. Antiplatelet Agents

Aspirin should ideally be discontinued 5—7 days preoperatively, as its use
correlates with increased postoperative bleeding. If platelet function is impaired
despite a normal platelet count, bleeding time testing is useful. In the absence of
circulating aspirin, prolonged bleeding time may be corrected with 8—12 units of
fresh platelet suspension. If bleeding time is normal despite aspirin use, surgery
may proceed safely. However, prolonged bleeding time may necessitate
postoperative platelet transfusion. Some cardiac and antibiotic medications may
induce thrombocytopenia. In idiosyncratic reactions (e.g., quinidine), stopping
the drug often restores normal platelet counts. Heparin-induced
thrombocytopenia (HIT), a more severe immune-mediated reaction, can occur in
~5% of patients with repeated heparin exposure (11).

8. Fibrinolytic Agents

Tissue plasminogen activator (tPA), urokinase, and streptokinase promote
endogenous fibrinolytic enzyme plasmin formation. Excessive fibrinolysis
reduces plasma fibrinogen levels below safe thresholds (<100 mg/dL), resulting
in fibrin(ogen) degradation products that interfere with platelet function and the
coagulation cascade. This hemorrhagic state may be exacerbated by concurrent
heparin administration. The effects of fibrinolytic agents are short-lived; systemic
fibrinolytic activity and its secondary effects decline within hours after drug
discontinuation. In cases of severe bleeding accompanied by low plasma
fibrinogen, heparin should be discontinued and cryoprecipitate administered.
Antagonists such as protamine and epsilon-aminocaproic acid may be used but
carry a risk of thrombosis (12).

9.Renal and Hepatic Failure and Disseminated Intravascular
Coagulation (DIC)

Bleeding tendency in uremia primarily results from platelet dysfunction and
is associated with anemia due to renal failure and accumulation of plasma factors
inadequately cleared by the kidneys. Interaction between platelets and von
Willebrand factor, as well as platelet mechanisms, are impaired. The problem
originates from uremic plasma, rendering platelet transfusions ineffective.
Dialysis and correction of anemia are necessary preoperatively. In uremic
patients, cryoprecipitate to increase plasma levels of von Willebrand factor or
desmopressin acetate (DDAVP) may improve hemostasis.

Major hepatic failure presents with complex factor deficiencies and DIC.
Synthesis of clotting factors, particularly vitamin K-dependent factors II, VII, IX,
and X, is impaired. Fibrinolytic products increase due to decreased clearance,
accompanied by consumption-related decreases in fibrinogen and platelets. If PT
is prolonged, parenteral vitamin K (10 mg) may be administered preoperatively.
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If PT does not normalize or aPTT/platelet counts remain abnormal, further
detailed investigations (including evaluation for DIC and pathological
fibrinolysis) are warranted. FFP and platelet transfusions may be required to
normalize coagulation parameters. DIC may develop in patients with septic
endocarditis, mediastinitis, or malignancy, characterized by elevated fibrin
degradation products, thrombocytopenia, and prolonged PT and aPTT. Treatment
focuses on eliminating the stimulus provoking coagulation and may include FFP
and platelet administration according to laboratory results. Antithrombin III
concentrates may be effective. Aortic aneurysms or chronic/acute dissections can
trigger consumption coagulopathy (13-15).

10. Evaluation of Postoperative Bleeding and Stabilization in Intensive
Care

Currently, fewer than 3% of cardiac surgery patients require re-exploration,
mostly for bleeding or tamponade. Uncomplicated cardiac surgery patients
generally require 1-3 units of packed red blood cells, whereas more complex
procedures such as valve replacements, endocardial resections, or redo surgeries
may require 3—5 units or more. Acceptable blood loss in the first 24 hours
postoperatively is generally 800-1200 mL. Early postoperative bleeding
exceeding 100 mL/hour sustained over several hours is considered significant.
Non-surgical bleeding causes post-protamine administration often include
inadequate heparin neutralization, preoperative use of heparin, aspirin, NSAIDs,
or thrombotic agents, and prior sternotomy. Postoperative bleeding is closely
related to blood pressure control, metabolic stability, maintenance of
normothermia, effects of surgery and cardiopulmonary bypass, and meticulous
medical care. These factors are common to all patients and must be managed upon
ICU admission (16).

Surgical causes of bleeding are frequently identified upon reoperation, but
hemostatic defects remain a significant problem in cardiac surgery patients.
Distinguishing between purely mechanical and hematologic bleeding sources is
often challenging. Excessive bleeding from arteriotomy closure sites or
prolonged bleeding from skin and subcutaneous tissues despite heparin
neutralization suggests abnormal hemostasis. In such cases, intraoperative
platelet count, PT, and aPTT should be checked. Upon ICU admission, these tests
should be repeated from a new venous access. They serve as screening for gross
coagulation pathway abnormalities or thrombocytopenia. Mild PT or aPTT
elevations are common immediately after bypass, with individual coagulation
factor levels usually exceeding requirements for hemostasis. Minor abnormalities
without active bleeding can be monitored as they typically resolve within 4-6
hours post-bypass (16).
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Significant prolongations of coagulation times usually stem from circulating
anticoagulants such as heparin or fibrin degradation products. Initial treatment
includes normalizing activated clotting time (ACT) with protamine sulfate (25—
50 mg IV) and increasing positive end-expiratory pressure (PEEP) up to 10 cm
H:O, provided cardiac output and systolic blood pressure are unaffected. Rarely,
congenital coagulation defects or consumption-related factor deficiencies may
underlie abnormal bleeding. If major abnormalities are present or bleeding is
excessive, further testing is mandatory, focusing on:

*Excess heparin
*Integrity of the coagulation cascade
*Platelet function

Desmopressin use has been recently reported in uremic and secondary platelet
dysfunction patients, as well as in cardiac patients undergoing reoperation.
However, its routine use in cardiac surgery remains unclear. Desmopressin
acetate, a vasopressin analogue, temporarily increases plasma levels of factor
VIII and von Willebrand factor by promoting release from endogenous stores.
Studies in high-risk bleeding patients show significant blood loss reduction,
though results lack confirmation in larger and low-risk groups. Desmopressin is
likely beneficial in patients with significant von Willebrand factor-dependent
hemostatic defects and is not routinely indicated in low-risk patients (17).

Aprotinin is used prophylactically in patients undergoing reoperation to
reduce perioperative bleeding and transfusions after cardiopulmonary bypass,
particularly in high-risk or transfusion-limited cases. Derived from bovine lung,
aprotinin is a natural protease inhibitor. Although its mechanism is not fully
understood, it reduces bleeding after cardiac surgery by inhibiting kallikrein, thus
preventing contact activation of the coagulation cascade. Additionally, aprotinin
inhibits plasminogen conversion to plasmin (antifibrinolytic effect) and platelet
adhesion and aggregation, mitigating hemostatic defects associated with CPB. Its
use reduces perioperative blood loss, chest tube drainage, and transfusion
requirements. However, it may cause anaphylaxis and nephrotoxicity. Its
prothrombotic potential and impact on perioperative myocardial infarction risk
remain debated. Aprotinin markedly elevates ACT, especially when measured by
the Hemochron system, which may mask inadequate heparin anticoagulation.
The role of PEEP in reducing postoperative bleeding is controversial but is
applied at baseline (5 cm H:0) to enhance oxygenation in all patients. Factor
concentrates are rarely preferred due to high hepatitis risk (18,19).

If PT or aPTT is prolonged, 2—4 units of fresh frozen plasma (FFP) should be
administered. Platelet transfusion is indicated if platelet count falls below
100,000/mm* in patients with ongoing bleeding. Platelets are dosed
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approximately 1 unit per 10 kg body weight. When platelet count, PT, and aPTT
are all abnormal, platelets are transfused first, followed by FFP. Post-CPB platelet
dysfunction may warrant platelet transfusion even if platelet counts appear
normal, as platelets are an initial coagulation product. Persistent bleeding despite
initial products requires repeating coagulation tests, bleeding time, fibrinogen,
and fibrin degradation product measurements (20,21).

If fibrinogen levels fall below 100 mg/dL, cryoprecipitate (1 unit per 10 kg)
should be administered. Rarely, fibrinolysis with low fibrinogen and increased
fibrin degradation products may occur. In the presence of significant
fibrinolysis—characterized by elevated fibrin degradation products, low
fibrinogen, and reduced clot lysis time—epsilon-aminocaproic acid is indicated.
This agent competitively inhibits plasminogen activation. If bleeding is noted at
suture lines or prosthetic graft sites following initial clot formation, fibrinolysis
should be suspected. Initial dosing is 25 mg/kg IV over 1 hour, followed by 1-2
g/hour for 4.5 hours. Though indications are rare, it may be beneficial when
standard treatments fail (22).

11. Indications for Mediastinal Re-exploration
*Bleeding >200 mL/hour for 4-6 hours

*Total bleeding >1500 mL within 12 hours
*Sudden increase in chest tube drainage

*Signs of pericardial tamponade

Active heparin presence in early postoperative blood commonly causes ACT
or aPTT prolongation. Alternatively, high concentrations of FFP (due to
excessive fibrinolysis or autotransfusion) may act as anticoagulants.
Administering 25-50 mg additional protamine over minutes is a simple clinical
approach; if heparin excess is the cause, ACT and aPTT will normalize.
Protamine and thrombin time testing may further clarify the problem. Heparin
prolongs thrombin time, which improves with small amounts of protamine in
vitro. Conversely, thrombin time prolongation due to FFP does not correct with
protamine. Residual heparin effects may persist despite FFP (21).

If thrombocytopenia and bleeding coexist, 8—12 units of fresh platelet
suspension may be given. Sometimes, patients display generalized hemorrhagic
tendencies without abnormal coagulation tests or thrombocytopenia, often due to
significant platelet function defects. This constitutes an indication for
desmopressin infusion (0.3 mcg/kg IV). Cardiopulmonary bypass invariably
causes some degree of platelet dysfunction. Bleeding time is unreliable in active
bleeding due to peripheral vasoconstriction and hypoperfusion. Platelets should
be transfused even if platelet counts do not meet standard thresholds because
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thrombopathy often coexists. Routine prophylactic platelet transfusion is not
indicated as it does not reduce transfusion requirements (23).

Excessive fibrinolysis ranges from mild anticoagulation to DIC with
thrombocytopenia and hypofibrinogenemia. Inadequate suppression of clotting
during extracorporeal circulation, sepsis, transfusion reactions, and large volumes
of recirculated blood can cause laboratory abnormalities. Intraoperatively, this
syndrome is identifiable when clots form but lyse immediately. Postoperatively,
severe pathological fibrinolysis manifests as generalized bleeding and deranged
laboratory parameters. Treatment should commence without waiting for
laboratory results and includes antifibrinolytics such as epsilon-aminocaproic
acid and aprotinin, along with transfusions of FFP, platelets, and red cells to
compensate hemorrhagic losses. Cryoprecipitate contains supra-normal
concentrations of fibrinogen, von Willebrand factor, and factor VIII and is
preferred over FFP only in cases of severe hypofibrinogenemia (<100 mg/dL)
with bleeding (20,24,25).

Massive transfusion complicated by bleeding problems is rare. Transfusion
volumes exceeding 1 to 1.5 times blood volume cause significant plasma protein
dilution. Platelet deficiency is the most common abnormality as banked blood
contains low platelet counts. Factors V and VIII are labile in stored blood but
deficiency is less common due to extravascular stores and synthesis. These
patients typically have prolonged bypass times, high volumes of recirculated
blood, and preexisting acquired coagulation defects (24,25).

Hemodynamic stability and blood loss volume determine the need for
reoperation. If clinical status mandates re-exploration, the patient should return
to the operating room without delay for coagulation test results. Emergency
cardiac surgery patients may be receiving anticoagulants, fibrinolytic agents, or
platelet inhibitors. Cardiac decompensation may coexist with hepatic or renal
dysfunction or mechanical cardiac assist devices, where pronounced platelet
dysfunction and drug effects are expected. Redo surgery and prolonged pump
times confer higher postoperative bleeding risk. Massive transfusion after major
bleeding further complicates the clinical picture and impedes determination of
bleeding etiology (26).

12.Cardiac Tamponade

To prevent tamponade, many surgeons create a wide opening in the
pericardium to ensure adequate drainage of the mediastinum and place a tube at
the portion of the pericardial space adjacent to the left ventricle. However, these
measures do not reliably prevent pericardial tamponade. Cardiac tamponade is a
life-threatening condition. Although opening a pleural space related to the
pericardium may be beneficial, it is not a definitive method to prevent tamponade.
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Tamponade can occur whether the pericardium is open or closed. Even a
strategically located small thrombus on the posterior pericardium affecting the
left atrium or pulmonary veins can cause tamponade symptoms. A sudden
decrease in chest tube drainage should raise suspicion of tamponade. This
complication should especially be considered in patients undergoing open heart
surgery who develop low cardiac output early postoperatively. Late tamponade
may develop days or weeks after surgery. When arterial pressure tracings are
monitored in the surgical ICU, a respiratory-synchronous oscillation in systolic
pressure can be observed. All intrathoracic organs are subjected to pressure
changes related to respiration/ventilation. Pressure gradients develop at the entry
and exit points of veins or arteries into the thorax. During spontaneous
inspiration, negative intrathoracic pressure directs venous return into the thorax,
increasing right atrial and right ventricular filling. This negative intrathoracic
pressure is transmitted to the left ventricle, enhancing the ventricular force
generated to maintain systemic arterial pressure. Both systolic pressure and pulse
pressure decrease (27).

Right ventricular distension shifts the interventricular septum toward the left,
impairing left ventricular diastolic filling. Decreased left ventricular preload
results in reduced stroke volume and consequently lowers systolic and pulse
pressures. These two mechanisms reduce blood pressure during negative-
pressure inhalation, and this phenomenon is exaggerated in the presence of
increased pericardial pressure (tamponade). During cardiac tamponade,
inspiratory right ventricular filling increases while the interventricular septum
shifts leftward, diminishing septal curvature. Inspiration significantly reduces left
ventricular end-diastolic volume. Increased right ventricular size occurs at the
expense of left ventricular filling. The reduction in left ventricular volume
correlates with pulsus paradoxus and decreased cardiac output. Elevated
pericardial pressure lowers systolic blood pressure.

Pericardial effusion refers to an accumulation of pericardial fluid that does not
cause hemodynamic changes. Tamponade is the accumulation of fluid that
decreases left ventricular filling and cardiac output and leads to pulsus paradoxus.
This distinction is particularly important in surgical patients. There is no linear
relationship between pericardial fluid volume and pericardial pressure. If the
patient has enough time to increase intravascular volume and allow pericardial
space expansion, even large effusions may cause only minor hemodynamic
changes. However, when the elastic limits of the pericardial space are acutely
exceeded, tamponade develops, obstructing forward flow (27).

Clinically, blood pressure is low, and pulse pressure is narrow. A drop in
systolic pressure indicates severe tamponade and typically appears in advanced
hemodynamic compromise. Filling pressures are elevated except in cases of
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severe hypovolemia. Marked pulsus paradoxus may be present. However,
diagnosis can be difficult due to low systemic blood pressure and signs of heart
failure combined with elevated right heart pressures. Additionally, assessing
pulsus paradoxus is challenging in mechanically ventilated patients. Portable
chest X-rays may show cardiomegaly, and echocardiography reveals increased
right ventricular diastolic pressures with inspiration and simultaneous reduction
in left ventricular dimensions. Atrial and ventricular diastolic pressures equalize
(27,28).

Treatment of pericardial tamponade includes maintaining blood pressure with
volume resuscitation and inotropes, and if hemodynamics are severely
compromised, urgent thoracotomy in the ICU or operating room. If immediate
transfer to the OR is not possible, the lower end of the sternotomy incision can
be opened in the ICU to drain blood from the substernal space. Hemodynamic
improvement occurs rapidly. Exploration of the pericardial space in the ICU to
control bleeding prevents tamponade and fatal outcomes (27).
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Aortic Dissections in Cardiovascular Surgery

Abuzer Deniz Siiriicii’ & Cengiz Giiven’

Introduction

Aortic dissection is a catastrophic event characterized by the accumulation of
blood between the intima and media layers due to a tear in the media of the aorta
(Bossone and Eagle, 2021). This event is not associated with the presence of an
aneurysm. Therefore, the term 'acute aortic dissection' is more appropriate than
'dissecting aortic aneurysm.' Following an acute event, re-entry tears can form
with progressive aneurysmal dilation of the false lumen, resulting in a double-
barreled aorta (Clothier and Kobsa, 2025).

The incidence of acute aortic dissection averages 5.2 per million, occurring
twice as frequently as ruptured abdominal aortic aneurysm. While it can occur in
all age groups, it is rare in young and very elderly individuals. Seventy-five
percent of cases are concentrated between the 4th and 7th decades, with peak
incidence between 50-60 years of age. The male-to-female ratio is 2:3
(Isselbacher et al., 2022).

Etiology

While not entirely clear, several predisposing conditions exist. The most
important factor is arterial hypertension. The reported incidence of hypertension
in acute dissections is 75%, and it is more common in cases of Type B dissection.
Hypertension is thought to accelerate degenerative changes in the aging aorta,
creating a suitable environment for dissection. Although a clear relationship
between hypertension and the onset of the dissection process is not established,
hypertension facilitates the progression of the event (Mutailifu et al., 2024; Guo
etal., 2011).

The role of heredity in aortic dissections in the general population is unclear,
except for those with connective tissue disorders such as Ehlers-Danlos
Syndrome or Marfan Syndrome. Familial dissection and cases of annuloaortic
ectasia linked to a mutation in the type 3 procollagen gene have been reported in
the literature. Marfan Syndrome exhibits autosomal dominant inheritance. At one
end of the clinical spectrum is the typical presentation characterized by
abnormalities of the skin, skeletal, ocular, and cardiovascular systems, while in
some cases, only cardiovascular involvement is observed. Genetic studies have
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identified a missense mutation in the fibrillin gene on chromosome 15 (Mah et
al., 2018).

The most common cardiovascular manifestation of the syndrome is the
formation of an ascending aortic aneurysm, which may occasionally be
accompanied by aortic insufficiency. The primary cause of death in Marfan
Syndrome is complications related to aortic involvement. Approximately 33% of
patients with Marfan Syndrome develop aortic dissection. The incidence of
Marfan Syndrome in patients who develop acute aortic dissection ranges from 4-
12%.

Especially in young patients, congenital aortic stenosis, aortic coarctation, and
bicuspid aortic valve are associated with a high risk of dissection. The risk of
dissection is nine times higher in individuals with bicuspid aortic valve. The
incidence of bicuspid aortic valve in cases of dissection ranges from 7-13%.
Bicuspid valve-related dissections typically originate in the ascending aorta.
There is a perioperative risk of dissection in cases undergoing aortic valve
replacement due to a bicuspid aortic valve. The perioperative risk of dissection in
patients who have undergone aortic valve replacement has been found to be
0.07%. The association of dissection with other congenital heart diseases is rare
(Wojnarski et al.,2015).

Cardiac catheterization, coronary angiography, and surgical procedures such
as cannulation during cardiopulmonary bypass (CPB) (especially femoral
cannulation) and cross-clamp injury can increase the risk of dissection
(Elefteriades et al., 2016).

The primary cause of acute dissection during pregnancy is hemodynamic
stress. Approximately 50% of acute dissections in women under 40 years of age
occur during pregnancy. The majority of these cases involve congenital
malformations of the aorta or connective tissue disease (Braverman et al., 2021).

Localized dissections involving the descending aorta may be associated with
intimal disruption in an atherosclerotic plaque region. Dissection associated with
atherosclerotic changes in the ascending aorta is rare. Additionally, aortic
dissection may uncommonly be seen in patients with syphilitic aortitis,
endocarditis, mycotic infections of the aorta, giant cell aortitis, polyarteritis
nodosa, and SLE, in Cushing Syndrome, pheochromocytoma, and following
thyroidectomy. Other rare associations include familial hypercholesterolemia,
cystinuria, and Turner Syndrome (Mutailifu et al., 2024).

Anatomical and Clinical Classification

Clinically, dissections detected within the first two weeks from symptom
onset are considered acute, and those detected after this period are considered
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chronic. Mortality during the critical initial two-week period ranges from 57-
89%. Acute and chronic dissections differ in their pathology and physiological
bases, as well as in surgical treatment, response to therapy, and prognosis.
DeBakey's original dissection classification has been modified to three main
types (Ramesh et al., 2024; Rosenberger et al., 2012):

e Type 1: Dissection begins in the ascending aorta and involves the
entire aorta.

e Type 2: Dissection is localized to the ascending aorta.

e Type 3: Dissection originates distal to the subclavian artery but does
not involve the aortic arch or ascending aorta. DeBakey Type 2
dissection is typically seen in chronic dissections with aneurysmal
dilation of the ascending aorta (Rosenberger et al., 2012).

The simpler Stanford -classification considers localizations that create
differences in treatment approach (Rosenberger et al., 2012):

o Stanford Type A dissections (proximal dissections): Include all
dissections involving the ascending aorta, regardless of the location
of the initiating intimal tear.

e Stanford Type B dissections (distal dissections): Refer to
dissections that do not involve the ascending aorta and originate distal
to the left subclavian artery, extending along the aorta. These two
types have different clinical characteristics and treatment methods.

Pathology

The characteristic pathology of acute dissections is the progressive separation
of the intima-media layers by a column of blood. The connection between the
true lumen of the aorta and the separated 'false lumen' of the media layer is
provided by a 'primary or entry intimal tear.' The intimal tear is a prominent
feature of acute dissection. However, it is debated whether the intimal tear is the
primary event leading to layer separation in all dissections, or a secondary event
to initial layer separation. Only 2-4% of dissections develop without an intimal
tear, and most of these are confined to the ascending aorta. In the majority of
dissections that develop without an intimal tear, the lumen is completely
thrombosed (Sherk et al., 2021; Sorber et al., 2022). This condition is known as
'aortic intramural hematoma.' With the routine use of TEE and CT, these cases
have become more frequently identified. It is difficult to determine whether this
pathology is a separate condition from dissection. There is evidence that
intramural hematoma, reflecting an early stage of typical dissection, leads to the
formation of an intimal tear in the hematoma-filled false lumen. These
observations support an older theory of pathogenesis, hypothesizing that rupture
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of the vasa vasorum and hematoma in the media layer are the triggering events in
the dissection process. Intimal rupture then progresses along the aorta at points
of highest hydraulic stress, typically along fixation points. These points
correspond to the regions where intimal tears are observed in the sinotubular
junction and aortic isthmus. The vast majority of intimal tears are localized in the
first few centimeters of the ascending aorta. The second most common
localization is the initial portion of the descending aorta. Only 10-15% of intimal
tears are located in the aortic arch. The prognosis for arch tears is poor, and their
surgical importance is therefore significant. A very small proportion of primary
tears are distal to the thoracic aorta. A primary intimal tear is generally transverse
and usually does not exceed half the diameter of the aorta. Rarely, a
circumferential intimal tear with complete loss of intimal continuity, known as
'intimointimal intussusception,' may be observed. Once initiated, the dissection
process rapidly progresses along the length of the aorta, usually through the outer
one-third of the media. The dynamic forces driving the progression of dissection
have been studied in detail. Two key factors identified by Wheat and Palmer are
ejection velocity and the rate of myocardial fiber shortening (dp/dt). The aim of
medical treatment in dissection is to reduce these forces. Longitudinal dissection
and the false lumen involve the right anterior part of the ascending aorta, and the
medial one-third of the ascending aorta is generally intact. In the arch, the false
lumen typically extends along the greater curvature and often spreads into the
innominate, left carotid, and left subclavian arteries. In the descending aorta, the
false lumen follows the anterolateral wall of the aorta and continues along the
anterolateral wall as it extends into the abdomen, often involving the left renal
artery. There are several important pathological and clinical points in the
progression of the dissecting process within the false lumen. Dissection can
interrupt blood flow to the major branches of the aorta either by external
compression or by causing the branches to separate from the true lumen. Both
mechanisms ultimately lead to a condition known as hypoperfusion syndrome,
resulting in distal organ or extremity ischemia and associated functional
impairment. Proximal extension of the dissection to the aortic root results in
separation of the aortic commissures, leaflet prolapse, and acute aortic
insufficiency. Proximal dissection can also lead to dissection of the coronary
arteries, especially the right coronary artery, and myocardial ischemia or
infarction. Due to high-pressure formation, the false lumen can frequently rupture
into the pericardial or pleural spaces from regions near the primary intimal tear.
Rupture into the pericardium is the most frequent cause of death within the first
two weeks. Rupture of the thinner outer wall of the dissection sac into the pleural
or pericardial spaces is more likely than a re-entry tear or internal rupture that
would occur in the opposite direction of flow towards the true lumen. Re-entry
tears most commonly occur in the inner tubular portion, in areas where side

51



branches have been pruned, particularly along the intercostal arteries in the
descending aorta. The endpoint of the dissecting process in the aorta is
determined by scarring in the media, typically of atherosclerotic origin. A natural
barrier, such as coarctation, can also limit dissection. In surviving patients, after
an acute episode, the false lumen either thromboses and heals, or remains patent
and continues to expand, forming an aneurysmal dilation. The presence of a re-
entry tear prevents thrombosis of the false lumen. In the chronic phase,
persistence of the false lumen indicates a poor prognosis and is associated with a
high risk of aneurysmal dilation. The false lumen then organizes into fibrous
tissue, a large part of which is collagen. Over time, the wall of the false lumen
becomes thicker than the aortic wall, but due to the structural weakness of the
fibrous tissue, it continues to expand or rupture (Verma et al., 2023; Shen et al.,
2020; Chung, 2023).

Histology

The histopathological basis of aortic dissection involves changes best
described by the term "medial degeneration," referred to as "cystic medial
necrosis," which in fact contains no necrosis or cysts (17). These degenerative
changes include fragmentation of elastic fibers, loss of smooth muscle cells, and
an increase in connective tissue and collagen. This condition leads to structural
weakness of the aortic media. Especially in dissections in young patients or those
associated with conditions like Marfan Syndrome, significant loss of elastic tissue
and accumulation of connective tissue are more common (Akutsu, 2024).

Clinical

Common clinical findings are present in all aortic dissections. In cases of
sudden death, diagnosis can only be made post-mortem. Pain is the most dramatic
symptom in aortic dissections. Unless there is sensory loss due to neurological
involvement, pain is present in all patients with dissection and is severe. It is
typically described by the patient as 'tearing' and 'ripping' and is often
accompanied by a fear of death. In most Type A dissections, the pain is
substernal, while in distal dissections, it is more commonly located in the back.
Pain is usually accompanied by pallor, coldness, sweating, nausea, and vomiting,
reminiscent of a shock state despite hypertensive blood pressure. Except for
conditions like Marfan Syndrome, dissection can rarely be painless and may go
unnoticed until chronic aneurysmal dilation develops in the ascending aorta
(Reed, 2024).

Syncope is the second most common initial symptom associated with
dissection. It is usually transient and is due either to the intensity of the pain or to
transient cerebral ischemia. Other neurological findings such as transient
blindness, hemi/paraparesis or plegia, and even deep coma may be present.
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Dyspnea and hemoptysis can be seen in acute dissections. These are more
frequently observed in chronic dissections and indicate congestive heart failure
symptoms due to aortic insufficiency or bronchial erosion due to the expanding
false lumen (Morello et al., 2021).

Initial physical examination typically points to a patient in shock despite
normal or elevated blood pressure. At presentation, blood pressure is normal or
elevated in approximately 80% of patients. Severe, uncontrolled hypertension
may be present. The severe hypertensive response in dissections can be related to
renal ischemia, dysfunction of baroreceptor mechanisms in the aortic arch, or
sometimes 'pseudo-coarctation' due to severe narrowing of the lumen. The
presence of hypotension should suggest cardiac tamponade due to
hemopericardium or hypovolemia due to rupture into the pleural space. Another
cause of hypoperfusion can be myocardial ischemia and infarction due to
impaired coronary circulation (Morello et al., 2021).

The most important clinical finding in acute dissections is pulse loss or
difference between pulses, accompanied by varying degrees of extremity
ischemia. It is present in approximately 40% of patients at presentation. The
appearance of a murmur indicative of acute aortic insufficiency is an important
finding for Type A dissections and is present in half of the patients. Depending
on the degree of aortic valve insufficiency, congestive heart failure may be
present in the acute phase. Other clinical findings include bilateral neck vein
distension in tamponade, innominate vein occlusion or superior vena cava
compression due to mediastinal hematoma, appearance of pulsatile neck masses
due to dissection progression into the carotid arteries, and ecchymoses extending
to the suprasternal area. Five percent of patients have a pericardial friction rub.
Paralytic ileus may be observed. Flank pain accompanied by hematuria and
oliguria indicates renal involvement. Hematemesis and melena can be present in
relation to intestinal ischemia and are indicators of poor prognosis. Five to six
percent of cases present with stroke, and the incidence of neurological findings is
42%. Localized neurological findings are the result of central infarction,
extremity ischemia, or nerve compression due to hematoma (Reed, 2024; Morello
etal., 2021).

Diagnosis

Diagnosis begins with suspicion of dissection. In many patients, the diagnosis
can be inferred from the clinical picture and findings. Sudden onset of severe pain
in a hypertensive patient, a newly emerged cardiac murmur, and pulse
discrepancies should suggest dissection (Paneitz et al., 2022).

Laboratory findings in acute dissections are non-specific and largely serve to
rule out other possible diagnoses. Commonly observed findings in aortic
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dissections include hematuria and leukocytosis with a left shift in the blood count.
Febrile reactions may accompany some cases. Elevated BUN and creatinine
levels may be observed due to hypertensive renal disease or hypoperfusion of
both kidneys. Anemia in the acute phase usually indicates blood loss into the left
pleural space. Abnormalities seen in blood biochemistry are due to accompanying
organ dysfunction. SGOT is generally normal and is useful in the differential
diagnosis of MI and dissection. LDH elevation is routinely found and indicates
excessive red blood cell hemolysis in the false lumen. Uncommonly, elevated
amylase values may be found, usually indicating severe renal impairment or
bowel ischemia. In acute dissections, changes in coagulation parameters such as
prolonged aPTT and increased fibrin degradation products may occur. This may
be accompanied by a decrease in platelet count. Rarely, a complete DIC picture
may be observed. The underlying mechanism for these changes is the
consumption of coagulation factors in the dissection hematoma (Paneitz et al.,
2022).

The most common ECG finding is left ventricular hypertrophy and strain
associated with pre-existing hypertension. The primary role of ECG is in
differential diagnosis. MI-like findings may be present in 10-20% of patients.
Consequently, an appearance suggesting concomitant MI does not rule out the
possibility of dissection. However, the absence of such changes brings the
diagnosis closer to dissection. Approximately 10% of patients show signs of
pericardial involvement. Rarely, heart block may occur if the dissecting
hematoma affects the interatrial and membranous septum (Paneitz et al., 2022).

Important points for the surgeon include:
a) Demonstration of ascending aortic involvement.
b) Localization of the intimal tear.

c¢) Demonstration of aortic root width and presence of aortic
insufficiency.

d) Knowledge of the perfusion status of the main aortic branches.
e) Visualization of the presence of a re-entry tear.

f) Width and patency of the false lumen.

g) Level of coronary circulation.

Radiological findings detected on plain radiographs in acute dissections are
related to distortion caused by the false lumen and fluid leakage into the pleural
space. In over 80% of cases, there is mediastinal widening and obliteration or
blurring of the aortic knob. Intimal calcification more than 6mm away from the
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aortic contour is a very important finding favoring dissection. Another common
and suspicious finding is the presence of left pleural effusion (Erbel et al.,2014).

Transthoracic echocardiography (TTE) has become the most important tool in
diagnosis, intraoperative treatment planning, and postoperative follow-up. Its
ease of performance at the bedside, coupled with its high sensitivity and
specificity (99% and 98% sequentially), makes TTE advantageous as a diagnostic
method in acute aortic dissections. Transesophageal echocardiography (TEE) can
identify the presence and extent of the intimal flap, true and false lumens, primary
and secondary intimal tears, periadventitial leaks, aortic insufficiency, aortic root
dimensions, and coronary or brachiocephalic artery dissection, all of which are
crucial in acute dissection. The observation of a mobile 'intimal flap' in the aortic
lumen and detection of flow with Doppler on both sides (in true and false lumens)
is specific. Two potential problems are associated with TEE. A hypertensive
response can occur during this procedure, which is dangerous in acute dissection.
Sedation and topical or general anesthesia may be required. The main technical
limitation of TEE is the formation of an air interface due to the interposition of
the trachea between the probe and the distal ascending aorta and aortic arch.
However, the inability to obtain information from these limited areas rarely
affects clinical approach (Kosmalska et al., 2021).

Using intravenous contrast infusion, computed tomography (CT) can
accurately demonstrate the dimensions of the dissection, false lumen, intimal
flap, and displacement within the true lumen. Dynamic CT allows for separate
contrast flows in the true and false lumens and further definition of the intimal
flap. CT is also useful in the postoperative follow-up of surgically treated
patients. Magnetic resonance imaging (MRI) is useful in evaluating aortic
pathology and provides clear information regarding dissection. The lack of need
for contrast for imaging in MRI is an advantage. However, the difficulty of
applying MRI restricts its use, especially in acute cases. Nevertheless, it is useful
in stable patients, chronic dissections, and in the follow-up of treated patients
(Kosmalska et al., 2021).

With the development of other non-invasive diagnostic methods, angiography
has become secondary in the diagnosis of acute aortic dissections. However,
aortography remains indispensable for determining the perfusion status of many
aortic branches and for planning operative strategies in chronic dissections. The
most specific angiographic finding is the demonstration of two separate lumens
in the aorta. Due to flow differences, the clearance of contrast medium within the
lumens and the degree of opacification of the lumens also differ. Both lumens
cannot be filled with a single injection from a single point of the aorta. The status
of the main branches of the aorta is related to the condition of the intimal flap at
the time of injection. Determining the perfusion characteristics of the main
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branches is very important, especially in chronic dissections where the false
lumen persists and serves as the sole perfusion source for visceral branches.
False-negative aortograms related to aortic intramural hematoma may occur. In
such cases, TEE and CT are more effective in demonstrating intramural
hematoma. The diagnostic and therapeutic value of coronary arteriography in
acute dissections is low (Hallinan and Anil, 2014).

Treatment

Significant reductions in mortality have been achieved in the treatment of
aortic dissections due to advancements in diagnostic tools, operative techniques,
and pharmacological approaches.

Acute Dissections
Medical Treatment

Medical treatment is initiated as soon as dissection is suspected clinically and
continues throughout the diagnostic workup. Medical treatment should focus on
pain relief, blood pressure control, and halting the dissecting process. Initially,
the patient should be monitored in the intensive care unit with arterial, central
venous or pulmonary artery catheters, and a urinary catheter. Despite adequate
blood pressure control, changes in CNS or spinal cord function, peripheral pulses,
aortic valve sounds, or changes in the abdomen or extremities indicate
progression of the dissection. The principles of medical treatment for acute
dissections were established by Wheat in the 1960s, based on the premise that
dissection progresses in experimental studies in relation to both mean arterial
pressure and the rate of increase in arterial pulse (dp/dt). Anti-impulse therapy
aims to reduce mean arterial pressure and myocardial contractility. Beta-blockade
with propranolol (2-5 mg IV q 4-6 hours) should be performed to the extent
tolerated. Labetalol has a combined selective alpha-1 adrenergic blockade and
non-selective beta-blockade effect and reduces peripheral resistance without
significantly affecting heart rate or cardiac output. It should be used in patients
who cannot tolerate or do not respond to propranolol. Esmolol is a safe,
intravenous, cardioselective beta-blocker and can be used in initial treatment.
This drug's ultra-short half-life allows for immediate stable blood levels and its
effect can be easily titrated (25-300 mcg/kg/min). Reduction of blood pressure to
achieve adequate peripheral perfusion is provided by afterload-reducing agents,
primarily sodium nitroprusside (0.5-5.0 mcg/kg/min IV). Since SNP alone will
increase dp/dt, it should only be started after sufficient beta-blockade has been
achieved. The second choice for blood pressure control is trimethaphan (0.2-6.0
mg/kg/min [V). One of trimethaphan's effects is the reduction of dp/dt, and it can
be used without prior beta-blockade. Trimethaphan may be preferred in patients
who cannot tolerate beta-blockers (Silaschi et al., 2017; Malaisrie et al., 2021).

56



Surgical Treatment:

Emergency surgery is indicated in acute Type A dissections and in cases
where medical treatment fails, pain or hypertension cannot be controlled, organ
hypoperfusion is observed with progressive dissection, or there is a high risk of
rupture. The primary cause of early mortality, aortic rupture, occurs proximal to
the primary intimal tear. In acute Type A dissections, it is in the ascending aorta,
and in acute Type B dissections, it is proximal to the descending aorta. Surgical
treatment aims to prevent proximal and distal progression of the dissection, excise
the intimal tear, and replace the portion of the aorta closest to rupture (Murphy et
al., 2020). In many cases, replacement of the aortic segment containing the
intimal tear (ascending aorta in Type A and the initial portion of the descending
aorta in Type B) achieves these goals. Ideally, resection of the affected aortic
segment and the intimal tear redirects blood flow to the true lumen and, if no
distal tear is present, converts the false lumen into a hematoma-filled cavity,
allowing for complete healing of the dissection. Clinical studies show that
resection of the primary tear area, including arch tears, reduces late complications
related to dissection.

The most significant technical difficulty in the surgical treatment of acute
dissections is inadequate hemostasis. The weakness of the dissected aortic wall
and hypothermic perfusion further exacerbate hemostatic disorders associated
with cardiopulmonary bypass. In the past, many primary repair techniques were
developed to improve hemostasis between the graft and the aortic suture line.
However, these repair techniques have unacceptably high failure rates. The graft's
aortic suture lines can be reinforced with Teflon felt, fibrin glue, or gelatin-
resorbed formalin biological glue (GRF). Routine open aortic anastomosis during
hypothermic circulatory arrest for distal anastomosis and excision of the aortic
segment traumatized by aortic cross-clamping are highly beneficial for
hemostasis at the suture line. Inspection of the aortic arch is effective in
identifying unpredictable arch tears and effectively eliminating primary tears in
many cases. Many intimal tears in the aortic arch occur near the orifice of the
innominate artery and allow for arch reconstruction with a single suture line. In
some cases, due to the location of the arch tear or impairment of the arch,
replacement of the entire arch with reimplantation of the arch vessels is required
(Bachet et al., 1987; Kazui et al., 2001; Gott et al., 2001).

Type A Dissections

Type A dissections are approached via median sternotomy, and the femoral
artery with the strongest pulsation is cannulated for right atrial-femoral bypass.
If the artery is dissected, cannulation of the true lumen is crucial for safe
perfusion. After initiating CPB, the aorta is dissected from the pulmonary artery,
a bloodless field is obtained by ensuring venous return to the oxygenator via the
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pump, and the aorta is clamped at the base of the innominate artery. The
maximum risk for malperfusion occurs during the initial period of bypass, as
circulation shifts from an antegrade to a retrograde (femoral artery) path.
Continuous monitoring with TEE can determine flow characteristics in the
descending aorta, thereby preventing unrecognized malperfusion complications.
Systemic hypothermia (20 degrees Celsius) with hemodilution allows for low
flow and low pressure, reducing the risk of aortic trauma during perfusion. The
aorta is explored with a longitudinal aortotomy to identify the location of the
intimal tear, and the coronary ostia are perfused with cold cardioplegic solution
to provide myocardial protection until local hypothermia is achieved. The aortic
valve is inspected for insufficiency, and if present, commissural dissection is
corrected by resuspending the commissures. Then, the aorta is transversely
opened just above its commissures and reinforced with Teflon felt to obliterate
the proximal false lumen and create a suture ring for the proximal anastomosis.
If the tissues are fragile, autologous pericardium is used on the intimal side in
addition to Teflon strips on the adventitial surface. Alternatively, Teflon felt is
placed between the dissected layers to close this space, and the aortic root is
reconstructed. The graft is then anastomosed to the proximal aortic stump,
leaving the graft inside the aorta and effectively sandwiching the dissected layers
between the graft and the external Teflon felt. This creates a secure and
hemostatic suture line. During the period of hypothermic circulatory arrest (16-
18 degrees Celsius), the aortic cross-clamp is removed, and the distal aorta is
trimmed from the base of the innominate artery, resecting the cross-clamp area
and all proximal tear areas. A reinforced distal cuff is prepared, and the graft is
anastomosed to obliterate the distal false lumen. To reinforce the suture line, 3cm
of Teflon felt is sutured in a way that compresses the distal false lumen. Then,
CPB is performed antegrade via cannulation from the ascending aortic
replacement, thereby preventing the false lumen from being exposed to
retrograde pressure from the femoral cannula and preventing distal malperfusion
during separation from extracorporeal circulation (Kazui et al., 2001; Gott et al.,
2001).

Alternatively, an intraluminal graft can be used to prevent leaks from the
suture lines into the false lumen. However, many intimal tears are localized very
close to the coronary ostia, which poses a danger for placing the proximal graft
ring in this area. Therefore, an intraluminal graft should be used in distal
anastomoses during a short period of circulatory arrest, positioned at the base of
the innominate artery. The intraluminal prosthesis is connected to the proximal
graft with a simple graft-to-graft anastomosis. Fibrosis is ensured by wrapping
the aorta over the intraluminal graft and reinforcing it with Teflon felt (Kazui et
al., 2001).
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In acute Type A dissections, preservation of the native valve is possible in 70-
80% of cases. Aortic valve competency is achieved by simple resuspension of the
commissures and reinforcement with Teflon material, or by valve-sparing root
replacement. Preservation of the aortic valve generally does not affect short-term
mortality or long-term survival in many cases. Postoperatively, valve
replacement is not required in 80-90% of cases during a 10-year follow-up.
However, valve preservation in dilated roots leads to insufficiency and is a major
cause of reoperations in Type A dissections. In patients with dilated aortic roots,
annuloaortic ectasia, or Marfan Syndrome, a composite valve graft is required
rather than resuspension or aortic valve repair. Outcomes are worse with separate
valve and graft replacement in patients with medial degenerative disease and
aortic dissection. If the valve cannot be preserved, a composite valve graft is
placed from the aortic root, and the coronary ostia are anastomosed to the graft
(Bentall procedure). If the aortic root is dilated more than 36mm, a composite
graft is indicated. Direct extension of the dissection into the coronary ostia creates
a technical problem, and root repair can be difficult. In this situation, the safest
approach is the Bentall procedure with the Cabrol modification, involving
composite replacement of the root and aortic valve. The dissected coronary ostia
are removed as buttons on aortic tissue reinforced with a Teflon strip frame, and
coronary perfusion is provided with a separate tubular graft (Bachet et al., 1987,
Kazui et al., 2001; Gott et al., 2001).

Type B Dissections

These are approached via left lateral thoracotomy. The aorta is cross-clamped
with proximal and distal control. Resection of the intimal tear-containing segment
and the dilated portion of the descending aorta, followed by graft interposition,
obliterates the distal and proximal false lumens and redirects flow to the true
lumen. As in Type A dissections, suture lines are reinforced with Teflon strips.
Intraluminal grafts can be used for distal anastomoses, or for proximal
anastomoses if sufficient true lumen exists between the intimal tear and the left
subclavian artery. Ensuring distal perfusion is critical for safe operation, as
prolonged clamping of the dissected descending aorta can increase the risk of
paraplegia. Distal perfusion techniques, such as heparin-bonded shunts and
atriofemoral left heart bypass, can provide adequate distal perfusion and left heart
decompression during cross-clamping. Perfusion from the left atrium or left
ventricular apex to the femoral artery is achieved with a centrifugal pump. This
method offers the advantages of low-dose heparinization and rapid volume
infusion. Retrograde progression of the dissection into the aortic arch can render
proximal clamping hazardous. Hypothermic circulatory arrest is employed to
replace affected portions of the aortic arch and distal aorta (Gott et al., 2001;
Estrera et al., 2006).
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Management of Complications
Prevention and Treatment of Intraoperative Malperfusion Syndrome

Following aortic rupture, malperfusion syndrome is the second most common
cause of mortality in acute dissection. The incidence of major malperfusion in
clinical series is 33%, with a mortality rate of 38-50% (Lansman et al., 2005).
Malperfusion can occur during surgical treatment, similar to patients presenting
with cerebral symptoms and ischemic extremity findings. Intraoperative
malperfusion, observed in 13% of cases, can be detected by TEE. Throughout all
phases of the operation, monitoring right radial artery pressure indicates the
adequacy of innominate artery perfusion and prevents the development of
cerebral malperfusion. Perfusion induction should be performed slowly to
prevent abrupt displacement of the intimal flap due to retrograde perfusion from
the femoral cannula. TEE assessment of flow patterns in the true and false lumens
is the most effective method for detecting intraoperative malperfusion. At the end
of the repair, perfusion is re-established antegrade, through the ascending graft,
towards the true lumen, and femoral retrograde perfusion is not used for the
remainder of the operation. This prevents the formation of residual secondary
tears due to retrograde pressure and intraoperative and major neurological
damage due to compression of the descending aorta or aortic root. During a short
period of circulatory arrest, an arterial cannula at the end of a pre-prepared Y-
extension on the arterial pump line is placed into the completely transected
ascending aorta and secured with an umbilical tape. This soft cannula should then
remain within the resected aortic segment. It is important to prevent selective
cannulation of the arch branches by advancing this soft cannula into the true
lumen beyond the arch vessels into the proximal descending aorta. This maneuver
can be performed quickly and is also the only effective method in cases of
circumferential ascending aortic tear and intimointimal intussusception of the
inner tubular portion into the aortic arch. Under circulatory arrest, the prolapsed
inner tube is withdrawn into the ascending aorta, and a cannula is placed into the
true lumen and secured around the ascending aorta. Some utilize cannulation
from the left ventricular apex or excision of the membrane separating the two
lumens in the arch to ensure flow to the arch branches. Both methods have
disadvantages. Continuous perfusion from a left ventricular cannula is
impractical, especially when the aortic valve is incompetent. Forceful
fenestration in the arch leaves only a fragile adventitial layer, itself posing a risk
of dissection.

Fenestration and Management of Malperfusion

In patients presenting with malperfusion syndrome, emergency proximal
repair and redirection of flow to the true lumen are effective in preventing
malperfusion in over 90% of cases. Persistent peripheral malperfusion situations
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should be evaluated individually for each patient. In the simplest cases, lower
extremity ischemia can be treated with a crossover graft. More severe
malperfusion, such as total obstruction of the aortic bifurcation or renal or
visceral ischemia, is effectively treated with abdominal aortic fenestration
(window). Fenestration is performed in the infrarenal aorta by isolating the aorta
up to its bifurcation with clamps placed distal to the renal arteries. The aorta is
opened longitudinally through the dissected segment, and the dissected
membrane in the isolated aortic segment is completely excised, with the
aortotomy closed by primary suture. Alternatively, the aorta is completely
transected near the distal clamp site, the wide portion of the membrane up to the
proximal clamp is excised, and after the distal false lumen is obliterated with a
separate suture, the aorta is repaired with an end-to-end anastomosis. This method
exposes a portion of the anastomotic suture line to the adventitial layer of the
dissected aorta. Due to this potential problem, abdominal fenestration provides
better long-term outcomes. Surgical fenestration in the abdomen is a simple and
well-tolerated procedure. This approach should also be considered in Type B
dissections and cases with malperfusion in distal aortic branches that require
intervention before proximal repair of the descending aorta. Radiological catheter
techniques provide an alternative to surgical fenestration by creating controlled
re-entry tears to restore flow to compressed aortic branches (Kouchoukos and
Masetti, 2005).

Stroke and Paraplegia

Approximately 5-6% of patients with acute dissection present with stroke
symptoms. When the tear is localized in the arch, the incidence of neurological
symptoms rises to 42%. Most are associated with Type A dissection, and 85% of
established strokes accompany carotid occlusion (Morello et al., 2021).

Stroke in acute aortic dissection presents a therapeutic dilemma. Ischemic
cerebral infarction may transform into hemorrhagic infarction during CPB,
leading to catastrophic neurological outcomes. In the past, extra-anatomic bypass
of the carotid arteries was employed. However, recent consensus favors direct
repair of the ascending aorta, as in most cases, complete prevention of cerebral
malperfusion leads to improvement in neurological function. Although outcomes
are worse and postoperative mortality risk increases in cases of stroke, the
presence of neurological deficit at presentation in acute dissection does not
constitute a contraindication for surgery. Stroke-related mortality in acute
dissections is 14%. In Stanford series, only 43% of cases showed neurological
improvement and satisfactory long-term outcomes.

The incidence of paraplegia in acute dissections ranges from 2-6%, with most
paraplegias occurring in acute Type A dissections. In most patients presenting
with paraplegia, postoperative neurological improvement is poor. Nevertheless,
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emergency operation is indicated to prevent other lethal complications of
dissection (Borghese et al., 2023).

Pulse Deficits and Extremity Ischemia

Pulse loss is present in 30-50% of acute Type A dissections. Local peripheral
vascular operations are not appropriate as they increase acute mortality and delay
definitive treatment of the dissection. Persistent extremity ischemia following
aortic repair can be treated with catheter fenestration techniques and surgical
fenestration, or rarely, a bypass graft may be required (Lansman et al., 2005).

Renal Failure

Dissection involves the renal arteries in 60% of patients. Clinically significant
renal dysfunction occurs in 5-8% of cases but carries a high mortality risk (50%).
Appropriate proximal repair of the dissection ensures renal perfusion in many
cases. Postoperatively, renal perfusion should be assessed with a renal perfusion
scan to determine if local treatment, such as catheter fenestration, is needed. In
many patients, renal function improves, and the need for dialysis in survivors is
rare (Norton et al., 2021).

Visceral Ischemia

Evidence of visceral malperfusion is observed in 3-5% of patients and is
associated with high mortality (43%). If severe bowel necrosis is not present,
emergency treatment should focus on the proximal aorta. Awareness of the
possibility of visceral ischemia and early diagnosis is the best preventive
measure, as all strategies are doomed to fail once significant necrosis has
developed. If there is doubt about the viability of abdominal contents after
proximal repair, further investigation with a mini-laparotomy should be
performed before leaving the operating room. Assessment of visceral
malperfusion with the aid of local Doppler examination can determine the
necessity of more advanced local treatment methods such as catheter or surgical
fenestration or vascular bypass (Norton et al., 2021).

True Lumen Compression and Pseudo-Coarctation

Rarely, coarctation-like obstruction of the descending aorta can occur due to
true lumen compression, creating a pressure gradient in the narrowed aortic
segment. This situation most commonly arises in the distal descending aorta and
can lead to uncontrolled proximal hypertension. Treatment involves replacement
of the affected aortic segment. Generally, due to its distal descending aortic
localization, the risk of postoperative paraplegia increases. In high-risk patients
with Type B dissection, extra-anatomic bypass from the ascending aorta to the
infrarenal aorta may be performed (Papakonstantinou et al., 2022).
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There is consensus among many experienced surgeons that the best short- and
long-term outcomes are achieved through complete resection of the dissected
aorta and full-thickness graft anastomosis to the distal aorta. When inclusion
techniques are used in acute aortic dissections, the incidence of residual leak is
high, and outcomes are poor. In some series, the inclusion technique is identified
as a predictor of operative mortality. Similarly, the reoperation rate is higher in
series employing the inclusion technique (40% at 10 years) compared to series
where total excision of the dissected ascending aorta was performed (23% at 10
years). Some surgeons, based on this observation, have gone a step further and
advocated for prophylactic total aortic replacement at the onset of the event.
However, the magnitude and risk of this operation, combined with long-term
outcomes (25% mortality, 19% reoperation), do not make such an approach
rational in the acute phase (Papakonstantinou et al., 2022).

Arch Dissection

The presence of an arch tear indicates a poor prognosis. Nevertheless, the
treatment of acute arch dissection (intimal tear in the aortic arch) is controversial
due to the technical difficulties of direct arch replacement. It is clear that non-
surgical conservative treatments or arch-wrapping procedures (in the presence of
a primary tear) are inadequate and associated with high mortality. Similarly,
limited surgical treatments for acute Type A dissection involving restricted
resection of the ascending aorta, or leaving intimal tears in the arch or proximal
descending aorta, lead to poor short- and long-term outcomes and perpetuate the
risk of dissection and aortic rupture. In light of recent experience, the arch in
acute dissections can be replaced with an acceptable surgical risk, and
replacement should be performed in all cases (Norton et al., 2021,
Papakonstantinou et al., 2022).

Marfan Syndrome

There is consensus that root replacement is the optimal treatment for acute
aortic dissections in patients with Marfan syndrome. Failure to perform this
consistently leads to long-term complications involving the aortic root and is a
leading cause of morbidity and even mortality in these patients. The incidence of
late reoperation is significantly higher (50%) in cases where composite graft
replacement was not performed during the initial operation (Papakonstantinou et
al., 2022).

Flow Redirection and Thromboexclusion

These methods have been proposed as alternatives to resection and graft
replacement in Type B dissections. They involve extra-anatomic bypass from the
ascending aorta to the infrarenal abdominal aorta and closure of the proximal
descending aorta with specially designed permanent clamps. The aim is to
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promote clotting in the descending aorta and reverse flow direction to ensure
perfusion of the lower intercostal arteries, thereby reducing the risk of paraplegia.
However, complications associated with clamp use exist. Visceral embolization,
bowel infarction, and pancreatitis have occurred. Additionally, paraplegia has not
been entirely prevented. This approach should only be considered in high-risk
patients with Type B dissection, particularly those with severe lung disease, and
staplers should be used in the descending aorta instead of permanent clamps
(Kazimierczak et al., 2019).

Chronic Dissections
Surgical Indications

The need for surgical treatment in chronic dissections typically arises from
symptoms related to the distal aorta (primarily pain and other symptoms of
enlargement), expansion of the distal false lumen and late aneurysm formation,
or problems associated with the aortic root and chronic aortic insufficiency. In
asymptomatic patients, the most important indication for surgery is the size and
rate of expansion of the distal aorta. In chronic dissections, 88% of rupture cases
occur at diameters below 10cm, and 23% at diameters below 6cm. The most
significant predictor of late mortality in medically managed cases is an aortic
dissection diameter not exceeding 5cm. Another surgical indication in chronic
ascending aortic dissections includes persistent or new cardiac complications and
complications from previous aortic or cardiac operations. In some cases, localized
ballooning in areas of weakness within the aneurysmal wall indicates the need
for early surgery. When recommending elective operation for the descending
aorta in asymptomatic patients, factors such as the patient's age, coexisting
pulmonary dysfunction, other medical conditions, and the length of the resected
segment should be considered. The risk of postoperative paraplegia must be
carefully evaluated (Coady et al., 2002; Elefteriades,2003).

Surgical Treatment

Chronic dissections generally necessitate extensive aortic resection and
reconstruction. In many chronic Type A dissections, composite graft replacement
of the aortic valve and root is required. In some chronic Type A dissections,
valve-sparing root replacement may be possible. Rarely, significant dilation may
be present in the ascending arch and descending portions of the aorta,
necessitating their replacement. This is typically achieved using the staged
replacement technique known as the elephant trunk procedure. In many cases of
chronic Type B dissection, replacement of the entire descending aorta and, in
some, the thoracoabdominal aorta may be required. In chronic dissections,
perfusion of vital structures may depend on the presence of the false lumen,
requiring flow to both the true and false lumens. This is achieved by creating a
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fenestration between the true and false lumens and performing a distal
anastomosis to the outer wall of the chronically dissected aorta. Tissue fragility
in chronic dissections is not an issue; however, operative morbidity increases
proportionally with the extent of aortic resection (Kouchoukos et al., 2000; De
Paulis et al., 2001).

Postoperative Follow-up and Late Complications

Patients who have undergone surgery for acute aortic dissection are at risk for
the development of aortic-related complications. Complications in the proximal
repair region are generally associated with surgical choices or techniques used in
aortic root reconstruction. Various reasons may include the use of the inclusion
technique or primary repair of the dissected aorta, failure to perform root
replacement in the presence of Marfan syndrome or a dilated aortic root, or the
use of intraluminal grafts in proximal anastomoses. Complications in the distal
aorta are linked to the persistence of the distal false lumen and constitute the
primary cause of late problems in these patients. The reported rate of persistent
false lumen in the literature ranges from 70-100%. The continued presence of a
distal false lumen is known to be associated with aneurysmal dilation of the aorta,
late reoperation, and death due to rupture. With technical advancements, the rate
of persistent false lumen has been reduced to below 50%, leading to
improvements in survival and a reduction in late complication rates. Patient
follow-up commences upon discharge, with baseline postoperative angiographic,
tomographic, and magnetic resonance imaging studies establishing a regular non-
invasive surveillance schedule. These studies should be performed annually in
cases where stable repair has been achieved, and more frequently in other
situations to ensure optimal timing for elective surgical treatment in the chronic
phase (Elsayed et al., 2017; Koélbel et al., 2014; Nienaber and Eagle,2002).
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