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Tra mhaiowe e mavonpiag Covid-19 | n vocog £xe1 cuayeniobel pe Ty mapovacia
TEPIGCOTEPWY EMAAOKDV & UGheVEIS pe Tpovmapyovon evoodnilakn dvarertovpyin
KU 10 GUYKEKPIUEVE GE UGOEVEIC e UpTNPLUKT) VAEPTUCT) ,OTEQUVIIX VOTO,
TuBNoEIC TOV AVUTVEVCTIKOD GUGTIHHATOS ,oaKkyapmdn dwfin, evd n tayvoapkic
KU1 TO APPEV UAO ,umoTeLOVV EMAALOV EMPUPUVTIKOUS TUPAYOVTES. AYYEIUKES
EMMAOKES CUUTEPLAUPAVOREVTC TG IVELHOVIKIG ERPOANG . TS &V T Paber
QrePOBPOPPWONC ,TOV 1IGYAIIKOD BYYEIKOV EMEIGOOIOV ,TOV ERPPAYHATOS TOV
HvoKupdiov Kt TNg yevikevpivng Opopfmong . £xovv avagepbel oe coPupa
vocouvteg and Covid-19 . Ot tapunave semmhokeg oxetilovTatl HE TV QAEYHOVY TGV
Kuttapwy tov evéolniiov and tov SARS-CoV-2 |, petd m ovvdeon tov tehevtaion
pe 1o petatpentiko £vivpo g ayyeroteveivig (ACE)-2, 1o onoio dpa wg
A£1TOVPYIKOS LITOBOYENC KUt EKQPALETAL OTU apTNPLaKd Kot @AEfikd evdoOniukd
KOTTUpa a& VYMAN averoyia , TPOKAADOVTUC YAEYHOVY TOL evdobniiov kat
Opoppoepporkd -oyayuka enerodtdie . H evéobnliaki avtn dvcheitovpyic £xet
GLGYETIOTEL pe adEnon Twv emaidwy e evdobniivng -1. H erayopevn and myv
evdobniivn avénon Su@opmv KLTOKIVOV, TPOKUAEL TV EVEPYOTOINGT TOV
KOUTAPPAKT TNS PAEYHOVIG , 1) OTTOit £)E1 UV AMOTEAEGUMU CIHAVTIKT 0OENGT] TS
SameputdmTAg TOV ayyEiov, 1) onoin TEAKOS 0dNYEL 68 TOAVOPYUVIKT) AVETAPKEL.
Ztov mupanave pnyeviopd otnpileta n dpaon twv ET-traps ( Endothelin Receptor —
traps) , TPOTEIVOV PE TAPOUOLN GTOKEIR GUVIEGTIC HE TOV LTOdoYE TS evAOONAivig
. TOV £X0VV (O GKOTO TOV TEPLOPIGHO TOV QUIVOHEVOL. ZVYYEVIKO TPOTO dpaonc
Tapovclalovy Kal 01 avTay@vIoTES Tov vtodoyéa tng evéodniivnc (Endothelin
Receptor Antagonists - ERAs).



H evdobnhivn-1 amoteiel éva 1o30p0 ayyEIOGUOTUATIKG TERTIOWO MOV TAPAYETAL ATO
T evOoHMAIUKG KUTTUpU Kot amodOUEiTal KUPIWE GTO TVEVHOVIKO UyYEINKO GUGTIHA.
‘Exouv avayvopiotel 1peig vrotomor evooBnAiivig ., 1) evéoBniivy-1 . 2 xai 3. pe
TOIKIAES AEITOVPYIES avAAOYU pE TOV VITOS0YER GTOV omtoio poadévovtat. H
evdobnhivn -1 dradpapatiCerl onpavtikd poio GTHV YUGIOAOYIX TOV UVATVEVGTIKOD ,
KapdayyEIXKov, 0upomomTiKko , kebmc Kat Tou vevpikol cuetiputoc. To
HEYUADTEPO PEPOS AVTHG , UMEAEVBEPOVETUL KUt dPU GTU MUPUKEIHEVE KUTTUPW., (OC
TUPUKPIVIIS OPUOVY], EV) GE OPIGUEVES TEPIMTMGELC . SVVATAL VU LOKTOEL KU
AUTOKPWVY SpaoTPrOTTe. ACKEL TIG EMOPAGELS TNE HEGW® TNE SEGUEVTTC TG OTOVG
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petaforopo e evdobniivne. H avbpdmvn mvevpovikn kukhogopia dwdpapatiler
ONUAVTIKO pOLO TOGO 611 KABUpon 060 Kat 6TV Tupuymyn e evoodniivne-1.
Enakolo0mg , | auénpuévn mapaymyi N n HEtwpévn kabupon e epniékeTal 6e pia
mANBdpa Tabncewy ,6MMS 1| TVEVHOVIKT VTEPTUGT), T) TVEVHOVIKT] iVOoT. 1|
otepaviaic voooc , 1o aobua. 1o oOvEpopo oeing avamvevoTIKNg duoyEpaiug , To
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kataminéia, o cakyepmdng dwfrimge Kat o1 koArhayovikeg voool. H mvevpoviki
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EMPAVELNS TV ayyeiwv mov eival Srabéopoc yia ™ kabapon avtic. Ze acbeveic pe
w1omadn Tvevpovikn TpmTonudi, KabdS Kl TVEVHOVIKT ApTNPITKT VTEPTAGT)
oxenilOpevn pe vooo cuvAeTIKOD 16TOV, 01 HeTpoelc KaBapong e eviodniivig
katéderilav pikpov Pabpod peiwon avtic. pe peyakitepn EAATTOGN TOL deikTn
AEITOVPYIKTC EMPAVELNS TV ayYeimv. TUUTEPAGHATIKG . 6E acBeVEIC pe 1domad)
TVEVHOVIKT] VIEPTACT]. TUPE TT) HEWWHEVT] AEITOVPYIKT) EMPAVEIL TOV AYYEIWV TOV
datifeton i kaBapon g evdobnhiviec-1, vymia enineda KukAo@opiug avTnig,
umopel va oyetiCovrul mEPIoGOTEPO pE TNV VAEPPOLIKT TapaywYN Tapd He T
uewwpévn kabapaon. To yeyovac 6t ny kdbupon pécwm e pecorafnone tov ETB
datnpeital o€ TOALOVE acheveic pmopel va £(E1 ONUAGIA Yia TN GYETIKY




OMOTEAECUATIKOTITA TOV EKAEKTIKOV EVAVTL TOV HT] EKAEKTIKOV QVTUYOVIGTOV TG
evooBnAiivne. Meréteg aoBevav pe ofeia mvevpovikn Prafn emonpaivovy mpoipeg
UENCEIS OTA EMITESX KUKLOQOpiag TN evdodniivng-1 oto mAdcpa, o1 onoieg
oyetilovran pe Tov maboroyikod mveupovikd petaforiopd g evéolniivne-1.

[Mowikot frodeixteg emnpedlovy v anckevbépmaon g evdobnhivie . TTo
GUYKEKPIHEVA, 1] AYYEIOTEVGIVI] -2 KUl 01 KUTOKIVEC GLEAVOVY TV EKKPICT| TG , VO
T0 povoEeidio Tov aldTou .01 TPOGTUKLKAIVES Kat To KukAkO GMP emgépouvy o
avTifeTo amotéheopa. AVIay®VIGTES TV LITodoyEmy TG evdobnAiviic — 1 atoyedovy
OTNV QVTIHETOMION TG TVEVHOVIKTE UPTNPIIKNE VIEPTUONS. ZUYKEKPIHEVE | 1)
HTTOGEVTAVT] , £VOC AVTUYOVIGTHS TV bodoyémv e svdobnlivng, ival to mpdTo
amd TOV GTONAUTOC £181KO QApHaKO Tov £Aufe £ykpion yia v Oepaneia ucbevov pe
TVEVHOVIKT] APTNPLUKT) VAEPTUGT). H HTOGEVTAVY HEUDVEL GNHAVTIKG TN GUYKEVTPOIOT
v kutokwvov (IL-2,IL-6,IL-8 xanINF-y ), anotpénovrac tyv dnuovpyia ivmong Kat
AYYEWKNC KOTUSTPOPNG.

Zxomde ¢ curovpevne Adaktopikic Awtpific eival 1 T0GOTIKOTOINGT TV TIHOV
ToL IENTIBIOL TNE EVOOBNAIVIG -1, TN QAEPIKT) Kal upTnPLUKT] KUKAOQOPIQ , Kl Vit
diepevvicel MmOV GUGYETION HE TV EMBEIVOGT) TS KAIVIKTS EIKOVACG TMV
SacOAVOUEVOY acBevav Pe GUVEPOUO UVATVEVGTIKNG dUGYEPELNS OE £dUpOC
COVID-19 hoipwénge. Iho ovykekpipéva . mpokertar va peretnboiv ta emineda g
evdobnhivne-1 oe Suwcwinvouévoue acbeveic pe emPePfarmpévo teot yra SARS-
CoV2 (RT-PCR test). pe tavtdypovn Ayn aipatog and Kevipikn rePIKy ypappn
(ocpayitidu 1) vrokAeido PAEPa) Kat amd TEPPEPIKO KUDETHPU apTPLEKNC YPUAUUNG
(xepridikn aptnpia). Zmn cuvéxew . Ba petpnbei n avaroyia apmpraxne /erepikne
GUYKEVTPMONS TN evoobnhivie-1 1 omoia arotedel uvtavakiuon Tov petaforipon
NG OTO TVEVHOVIKO QYYEWKO cVOTNHA .

1606 NG TaPOVGUS TPOOMTIKNG HEAETNG EIVAL 1) CUCYETION TOV EMTEIMV TN
evdobnhivig -1 oto mAdcpa pe To P uoloroyikd petafoliopd e dpaone e o
acbBeveic pe Luvdpopo Ofeiag Avanvevotiknie Avoyépeiac (ARDS), kat mo
GLYKEKPIHEVE oe draominvopivoug acbeveic pe vooo COVID - 19 | kabd¢ kat katd
1660 mMOoVOS To TebOAOYIKE AVTH EVPNHUATE AVTIGTPEPOVTUL GE AGHEVEIC TOD
nopovetalovy KAvikospyaotnplaki feitioon.

Ot mpoavapepbeicee perpioceic Ba dievepynboiv ota ypovikd daotipatae 17, 3" kat
TN nuépu VOonheiag apyns YEVOREYNS and TV £l60d0 Twv acbevdv otn Movada
Evratikic Oepanciac (ME®). Adym advvapiog evnuépwonc tov 1diov acbevav , Bu
SIdeTUL , KUTOMIV EVILEPMONS TOV GUYYEVOV TOVS , GYETIKO EVTLTIO GUYKATABEST|C
TPOC CUVAUIVEGT] KUl VITOYPUPT) .

Mo v dievépyaia g perénc Ba ypnopomomBolv ta wrpikd apyeia (dnpoypupika
LUPUKTNPIGTIKG, GUVONKES AE1TOVPYIaG EMEUPATIKOV PNYUVIKOD GEPIGHOV, KAIHAKES
ektipnong Papitatoc (APACHE II) kar uvendpkewug opyavwv (SOFA), cuvodic
TuONGELC, QUPHAKEVTIKT y®YN) , Ta amoTeAéGpata BroAoyikol KO (Tip agpiov



APTNPUKOD APUTOC , ANYHA AHATOS Yo HETPNOT TERTIdION £VOOONAIvIE-1), Kabdg
Kl TO UTOTEAEGHATA CHATOAOYIKMV Kal Boymukdy eEeTdoemv KubnpepIviig
KAWVIKNE Tpacng tov acBevov e [avemotnuaxne Kiwvikne Evratikng Ocpanciac
tovu ['evikov Nocokopgiov Abnvov «Evayyehiopoey . Téhog ,va onpeinbel 6T Hu
Kataypuel avaivtikd 1) ékPaon kabe acbevn .

H avaykn Kataypa@ic autdv Kal 1Slutépms TmV anOTEPMY UTOTEAECUATGV TNE Litd
eknovnon Awdaxtopikic Awrpific . mpokimtel and Ty EAAsym diebvic avticTorywv
KAIVIKOV K@l EPYRCTNPIUKOV KATAYPUPOV Vit TNV GUGYETION TOV EMTESOV TOV
rentidiov ™g evéolniivie-1 kat tov petaforiopod TS 6T TVEVHOVIKT] KUKAOQOPIa.
HE TV TTOPEin TOV SIGOAVOUEVOV UchevdV e GOVEPORO 0EEINC UVUTVEVGTIKNC
duoyéperuc ot £dugoc COVID-19 hoipwénc.
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In the context of the Covid-19 pandemic, the disease has been linked to the presence of
more complications in patients with pre-existing endothelial dysfunction and more
specifically in patients with hypertension, coronary heart disease, respiratory diseases and
diabetes mellitus. Obesity and male gender are additional aggravating factors. Vascular
complications including pulmonary embolism, deep vein thrombosis, ischemic stroke,
myocardial infarction, and generalized thrombosis have been reported in patients infected
with Covid-19 in critical condition. The complications mentioned above are related to the
inflammation of endothelial cells by SARS-CoV-2, after binding of the virus to the
Angiotensin Converting Enzyme (ACE) -2 that acts as a functional receptor, which is
expressed in arterial and venous endothelial cells in high proportion, causing
thromboembolic-ischemic episodes due to inflammation of the endothelium. This
endothelial dysfunction has been associated with increased endothelin-1 levels. Endothelin-
induced increase in various cytokines causes the activation of the inflammatory cascade,
which results in a significant increase in vascular permeability and leads to multiorgan
failure. This mechanism is based on the action of ET-traps (Endothelin Receptor - traps),
proteins with similar endothelin receptor binding elements, which aim to reduce the
complications mentioned above. Endothelin Receptor Antagonists (ERAs) have a similar
effect. Endothelin-1is a potent vasoconstrictor peptide produced by endothelial cells and is
primarily degraded in the pulmonary vascular system. Three endothelin subtypes have been
identified, endothelin-1, 2 and 3, with varying functions depending on the receptor to which
they bind. Endothelin-1 plays an important role in the physiology of the respiratory,
cardiovascular, urinary and nervous systems. Most of endothelin -1 is released and acts on
adjacent cells, as a paracrine hormone, while in some cases, it can also exhibit autocrine
activity. It exerts its effects through binding to the ETA (Endothelin Receptor - A) and ETB
(Endothelin Receptor - B) receptors of smooth muscle fibers; the latter is mostly expressed
in Endothelial Cells. Most of the contractile action is mediated by the ETA receptors located
in the smooth muscle fibers and is found to a greater extent in the central branches of the
pulmonary circulation. The lungs contribute mostly to endothelin metabolism, while the




human pulmonary circulation plays an important role in the clearance and production of
endothelin-1 as well. Subsequently, its increased production or decreased clearance is
involved in a variety of diseases, such as pulmonary hypertension, pulmonary fibrosis,
coronary heart disease, asthma, acute respiratory distress syndrome, graft rejection
syndrome, lung cancer, shock, diabetes and collagen diseases. Pulmonary arterial
hypertension (PAH) is characterized by tissue remodeling of the pulmonary vessels and
increase in pulmonary vascular tone with subsequent installation of right heart failure. It is
obvious, that endothelin-1 can be considered as one of the most important factors in the
development of this condition. High levels of endothelin-1 synthesis are found in various
forms of pulmonary arterial hypertension. Endothelin-1 is removed from the pulmonary
circulation via ETB receptors located in endothelial cells, and its clearance rate is calculated
by measuring the surface permeability product, an indicator of the functional surface area of
the vessels available for clearance. In patients with idiopathic PAH (IPAH) as well as PAH
associated with connective tissue disease, endothelin clearance measurements showed a
slight decrease, with greater reduction in vascular function index. In conclusion, in patients
with IPAH, despite the reduced functional surface area of the vessels available for
endothelin-1 clearance, high circulatory levels may be more associated with overproduction
than with decreased clearance. Studies concerning patients with acute lung injury indicate
early increases in circulating endothelin-1 plasma levels .

A variety of biomarkers affects the release of endothelin. More specifically, angiotensin-2
and cytokines increase its secretion, while nitric oxide, prostacyclins and cyclic GMP have the
opposite effect. Endothelin-1 receptor antagonists aim to treat pulmonary arterial
hypertension. In particular, bosentan, an endothelin receptor antagonist, is the first oral
drug to be approved for the treatment of patients with pulmonary arterial hypertension.
Bosentan significantly reduces the concentration of cytokines (IL-2, IL-6, IL-8 and INF-y),
preventing the formation of fibrosis and vascular destruction.

The purpose of the present Doctoral Thesis is to quantify the values of the endothelin-1
peptide in the venous and arterial circulation, and investigate potential associations with the
deterioration of the clinical picture of intubated patients with respiratory distress syndrome
in COVID-19 soil. More specifically, endothelin-1 levels will be studied in intubated
mechanically-ventilated patients with a confirmed SARS-CoV2 test (RT-PCR test), with
concomitant blood sampling (jugular or subclavian vein) and peripheral arterial catheter
(radial artery). The arterial/venous ratio, which is a reflexion of the pulmonary vascular
metabolism of ET-1 will then be investigated.

The aim of this prospective study is to correlate plasma levels of endothelin-1 with abnormal
metabolism of endothelin-1 in patients with Acute Respiratory Distress Syndrome (ARDS),
and more specifically in intubated mechanically-ventilated patients suffering from COVID -
19 disease, but also to examine the possible association of clinical and laboratory
improvement of these patients, with a potential reversal of ET-1 pathological findings.

The above mentioned measurements will be performed at intervals of 1st, 3rd and 7th day

of hospitalization starting from the patients' admission to the Intensive Care Unit (ICU). Due
to the inability to inform the patients themselves, after informing their relatives, a relevant
consent form will be given to be signed from next-to-kin.
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The medical records for the study (demographic characteristics, conditions of invasive
mechanical ventilation, scales of assessment of severity (APACHE 1) and insufficiency of
organs (SOFA), concomitant diseases, medication), the results of biological material (blood
gas value) , blood clot for measurement of endothelin peptide-1), as well as the results of
hematological and biochemical examinations of daily clinical practice of patients will be
provided from the University Clinical Intensive Care Unit (ICU) of the General Hospital of
Athens "Evangelismos". Patients’ outcome will finally be recorded.

The need to record these and in particular the conclusions of the present Doctoral Thesis,
arises from the lack of internationally concerning relevant clinical and laboratory records for
the correlation of endothelin-1 peptide levels and its metabolism in the pulmonary
circulation, with the acute respiratory distress syndrome in soil of COVID-19 infection. The
completion time of the Doctoral Thesis is estimated at three to four years.



