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Abstract

Background

Spontaneous coronary artery dissection (SCAD) is an acute,
non-atheromatous, non-inflammatory, non-iatrogenic cause of
myocardial infarction (MI) characterized by a spontaneous separation
of the coronary vessel wall layers due to either vessel wall hematoma
or an initial rift in the intimal-medial vessel wall. Little is known on
its pathogenesis and, until a few years past, interventional
cardiologists were little aware of the variations of its radiographic
appearance. Specifically in Sweden, little research has been done on
the demographics (incidence, prevalence, treatment and prognosis) of
this disease and its diagnostic patterns.

Method

We utilised data from the SWEDEHEART registry to describe a
Swedish SCAD population. We recruited a national cohort of acute
SCAD patients to compare coronary computed tomography
angiography (CCTA) as a non-invasive diagnostic modality against
invasive coronary angiography (ICA) and further describe our
angiographic findings. We investigated SCAD prevalence, diagnostic
accuracy and sensitivity in women with MI <50 years between 2015-
2023 from 3 Swedish hospitals, by comparing SWEDEHEART
registry data and angiographic evaluations by two independent

interventional cardiologists.



Results

We found an initial low prevalence of SCAD in Sweden. Compared to
atherosclerotic (type 1) MI, SCAD patients were treated almost the
same. SCAD patients had lower mortality but comparable morbidity
and a higher incidence of unplanned repeat angiography than
atherosclerotic MI patients. CCTA was less effective than ICA in
identifying and locating acute SCAD, especially if distally located.
There was significant underdiagnosing of SCAD in SWEDEHEART
with an improving trend in accuracy during the reviewed period.
Conclusion

SCAD was initially underdiagnosed in Sweden, likely leading to an
underestimation of its true prevalence. ICA remains the most reliable
method for diagnosing SCAD since non-invasive CCTA could not
demonstrate comparable precision. Since implementation of a SCAD

variable in 2015, SCAD diagnosis in Sweden has improved.

Keywords: Spontaneous coronary artery dissection, computed

coronary tomography angiography, invasive coronary angiography
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Populiarvetenskaplig sammanfattning

Spontan kranskérlsdissektion, forkortat SCAD (spontaneous coronary
artery dissection) innebér en avskiljning av de cellager som utgor
kranskarlsvaggen vilket leder till en blodning och blodansamling
mellan de avskilda cellagren. Den orsakas inte av aderforfettning,
inflammation eller av yttre vald eller skada. Den plotsliga blodningen
leder till att kdrlet fortrangs, vilket i1 sin tur paverkar flodet till den
berdrda hjiartmuskeln. Detta kan orsaka en akut hjirtinfarkt med dess
vanliga konsekvenser sdsom rytmrubbningar, hjirtsvikt och plotsligt
dod.

SCAD ér en ovanlig orsak till akut hjirtinfarkt som framfor allt
drabbar unga till medelalders kvinnor utan de klassiska riskfaktorerna
for hjartinfarkt (rokning, hoga blodfetter, diabetes, hogt blodtryck
mm). Orsakerna bakom SCAD ér inte forstddda i sin helhet men det
finns en viss koppling till andra karlmissbildningar som t.ex. fibro-
muskuldr dysplasi, en forviarvad akomma med sannolikt genetisk
predisposition som fordandrar karlvdaggens utseende och storlek. Vi vet
annu inte s mycket om eventuella genetiska orsaker till SCAD eller
om dess proteinuttryck. Fysisk och psykisk stress verkar vara viktig
utlosande faktor och kan kopplas till ndstan hélften av alla SCAD fall.
I Sverige har SCAD inte tidigare studerats avseende incidens,
prevalens, behandling, eller prognos och inte heller avseende
anviandning av olika diagnostiska verktyg och dess triffsikerhet.
Diagnosen SCAD stills via tolkning av typiska fordndringar som kan

ses med invasiv kranskérlsrontgen. SCAD var relativt okénd bland de
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kardiologer som utfor den undersékningen fram tills for ungefér 10 ar
sedan, men efter detta har Okad forskning pa omradet oOkat
medvetenhet om tillstdndet.

I det forsta delarbetet har vi undersokt hur vanligt SCAD ér i Sverige,
hur patienterna behandlas och hur bra det gar for dem. Detta har vi
gjort genom att ta fram 2 ars data (2015-2017) frdn det nationella
registret for kranskdrlsrontgen och kranskérlsingrepp (SCAAR) dér
SCAD har registrerats sedan 2015. Incidensen 1 detta arbete var 0.74
fall per 100 000 svenskar och prevalensen var 0.43% av alla
hjartinfarkter. Vi fann att patienter med SCAD-hjértinfarkt och vanlig
hjartinfarkt behandlades pé ndstan samma sétt. Prognosen skilde sig at
genom att patienterna med vanlig hjartinfarkt hade hogre dodlighet,
medan SCAD-patienterna hade en hogre risk for att behdva genomga
en ny kranskérlsrontgen.

I det andra och det tredje delarbetet utforskades majligheten att kunna
diagnostisera SCAD med skiktrontgen av kranskirlen i stéllet for
invasiv kranskérlsrontgen. Detta gjordes genom att vi inkluderade en
nationell kohort av 32 akuta SCAD-patienter under en 1% arsperiod.
Dessa genomgick skiktrontgen av kranskdrlen 2—5 dagar efter sin
invasiva undersokning. I dessa arbeten fann vi att hos enbart 60% av
patienterna kunde SCAD identifieras med skiktrontgen och att framfor
allt var fordndringar langt ut i kdrltradet svara att uppticka.

I det fjérde arbetet studerades prevalensen av SCAD hos unga till
medeldlders  kvinnor med  hjartinfarkt samt  hur  bra
interventionskardiologer dr pd att stilla diagnosen SCAD. En 9-

arsperiod pa tre svenska sjukhus studerades, diar samtliga



kranskarlsrontgen-undersokningar pa kvinnor yngre dn 50 ar som
insjuknat 1 hjartinfarkt granskades. Sedan gjordes en jamforelse
mellan denna granskning och de registrerade uppgifterna i SCAAR-
registret samt patienternas journaler. Vi fann att 21% av
hjartinfarkterna i denna grupp orsakades av SCAD. Vi fann dven en
signifikant underdiagnostisering av  SCAD som forbéttrades efter
hand.

Sammanfattningsvis &r SCAD en relativt séllsynt orsak till hjartinfarkt
1 Sverige, men utgdér en betydande del av den unga
infarktpopulationen, framfor allt hos kvinnor. Kunskapen om
tillstdndet var 1ag for 10 &r sedan, varfor det underdiagnostiserades och
patienterna behandlades pd samma sitt som patienter med hjartinfarkt
pga. aderforfettning. Under det senaste decenniet har diagnosen SCAD
blivit alltmer kénd. Trots framgangar i icke-invasiv hjartdiagnostik
med skiktrontgen sa ar invasiv kranskérlsrontgen fortfarande idag det

bésta séttet att diagnostisera akut SCAD.



ExLoikevpévn emotnuoviki) covoyn

H avtépomn oSoopioTikn vOoog T®V GTEPAVIOI®V apTnplidv 1
Avtopatog Xte@aviaog Aptnplakog Atoympiopog , yvoot) o SCAD
(spontaneous coronary artery dissection), eivat €vog O10®PIGUAC TV
KUTTOPIK®OV CTPOUATOV TOV ATOTEAOVV TO TOIYMUL TV CTEPAVIOIWV
apTpPuUdV, 0 0toiog dev TpoKaAeital amd abnpockinpmaon, eAeyovI
N GAAN e€mtepikn PAAPT. O doympropog avtdg odnyet oe apoppayia,
OLGOMPEVOT] CUHOTOC HETAED TOV  OLYOPIOUEVOV  KUTTOPIKOV
OTPOUATOV Kot TN dNovpyio VO S10TOLY®UATIKOD LULOTMOUOTOS TO
01010 TPOKOUAEL GTEVMOOT TOV 0WAOD TOL Oy YEIOV Kot peimon TG pong
OllOTOG TPOG TOV VLTOKEIUEVO KOPOKO pHuv. Avtd pmopel va
TPoKaAEsEL 0EH EUPpaypo TOL LVOKAPIIoV UE TIG GVVIOIGUEVEG TOV
OULVENELEG, OMMG oppLOUieg, KapdlOKN avemdpkelo Kol o1pvidlo
Bdvaro.

H SCAD csivan pia acvvnfiotn ottio 0EE0C eUQPAYUATOS TOL
pvokapdiov, m omoio kvpimwg emnpedlel veapéc €mG UECTAIKES
yovaikes Yopig TOVG KAAGIKOVS TOPAYOVTES KIVOOVOL Yol EROPOYLLOL
(xamviopa, vynAd Amida, dwafrtn, vréptaon k.Am.). Ot outieg tng
SCAD dgv eivar TAMPOG KATOVONTEG, OGTOCO VIAPYEL KAmOLN
OLGYETION HE AAAES OYYELONKES VOGOLG, OTMG 1) VOUVTKY dvoTAacioL,
pio ekt TN TAOM O™ pE YEVETIKO LIOPabpo, Tov peTafdrAet T doun
Kot to péyebog Tov ayyelakod toympatog. I'vopilovpe axoun moiy
Mya mpaypata yo to mlavd yevetika aitio tg SCAD 1 yio to Tpogik

TPOTEIVIKNG EKQPAoNG TNS. PaiveTol 0TI TO COUATIKO Kol YOYOAOYIKO
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OTPES AMOTELOVV GNUAVTIKOVS EKAVTIKOVG TOPAYOVTES KOl GUVIEOVTOL
ne oyedov ta picd meprotatikd SCAD.

> Zovndia, 1 SCAD dev elye mponyovuévog peretndel avopopikd
HE TNV EMMTOON, TOV EMTOAAGUO, TN Bepaneio 1| TV TPOYVOGT TNG,
00TE Kol ®C TPOG T ¥PNOT Ol0YVOOSTIKOV epyoreimVv (EmepPatikn Kot
a&oVIKT oTEPOVIOYPOPia) Kot TNV aKpiPeld Tovg O TPOG T dlryvwon
m¢ SCAD.

H dibyvooon g SCAD tifetor péocw evtomoprod YopaKTNPIoTIKOV
OALOUDCEMY TTOV TTOPATNPOVVTOL He emepPatikn otepavioypagio. H
SCAD ntav oyetkd Adyvootn otovg  KopOoAGYOvg oL
TPAYHOTOTOWOLY avtnv v e&étaon péxpt mpv and mepimov 10
POV, OALA 1| LEAVOLEVT] £pEVVa EYEL EKTOTE ALENCEL TNV EMYVOOT)
Mg vOGOoL.

>V TpoOTN EMPEPOLS epyacio pog eetdoae mOGO cuyvny €ivorl N
SCAD ot Zoundia, Tmg avTIHeET®TILOVTOL QOPLOKEVTIKA O acOeVELg
Kot oo givor M €kPacn Tovg. Avtd £ytve pe avdAvcr VO ETOV
dedopévev (2015-2017) amd to €6viKd UNTPOO GTEPOVIOYPUPLOV Kot
otepaviaiov mapepPfacewv (SCAAR), o6mov 1 SCAD xataypdpetot
aro 1o 2015. H enintmon 610 cuykeKpluévo ¥povikd O106TNHe NToV
0,74 meprotatcd avé 100.000 karoikovg kot o gmumoroopog 0,43%
oAV TOV EUPPAYHATOV TOVL HVLOKOPOIoV. AlmOTOGOUE OTL Ot
aclevelig pe SCAD—épopaypo kot  oavtol pe ovvnbiopévo,
aOnpocKANpOTIKOD TOUTTOV Euppaypo avtetonioviov
QOPUAKELTIKA e oYedOV TOV 1010 TpOTO. H mpdyvmon diépepe, KabmC

ot acBeveic pe pn-SCAD épepaypa giyov vynidtepn Bvnopdra,
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eved ot acbeveig pe SCAD-éuppaypa elyav peyoivtepo Kivovvo va
YPEWOTOVV VEX GTEQAVIOYPOPiaL.

>t oevtepn Ko Tpitn eMpEPOVG epyacio eetdotnke n duvatdTnTa
duyvoong g SCAD pe a&ovikn topoypaio oTeQoviainy apTnpiov
avti TG emepPatiknig otePovioypaeiag. Avtd £yve péow tng Evtagng
pag e6vikng kooptng 32 acBevov pe SCAD og didotnpa 1% €tovug, o
omoiot glyav vroPAnOel oe aovikn otepavioypapio 2—5 Nuépeg PeTa
mv emepPatikn e&étaomn. Awmotdocope 0Tt poévo 10 60% TOV
acfevdv UTopovcE Vo avayveploTtel pe agovikr] Topoypaeio Kot 0Tt
01 OAAOLDGELG, TOV GLYKEVIPOVOVTUL KUPIOS GTO TEPLPEPIKA TN AT
TOV OLYYEWKOV OEVTPOL, NTAV OVGKOAO VO EVIOTIGTOVV.

Yy tétaptn epyacio peretndnke o emmoiacuog g SCAD oe
veapés (< 50 eTmV) yuvaikeg pe Euepaypo Kafmg Kot 1 SloyveoTIK)
akpifeln TV  EMEUPOTIKOV  KOPOOAOY®V 7OV  EMITEAOLGOV
emepuPatikéc otepavioypapies. Melemnbnke pia mepiodog 9 etdv oe
Tpio couVNdIKG voookopeio, Katd v omoio. OAEG Ol EMEUPOUTIKES
otepavioypapiec oe yuvaikeg kTt tov 50 gtov pe Euepoypo
emoveCeTdoTnKaY. XTN oLVEYELWD £Ylve oOYKplon HeTa&d ovTNG TG
emoveétaong, Tov kotoympicemv oto puntpoo SCAAR ko twv
WIPIKAOV QokéAwv TV acBevov. Awmotooape 0Tt 10 21% tov
euppaypdtov ce avtiv v opada opelrdtav oe SCAD. Emiong
EVTOTICAUE ONUOVTIKN VTOJGyvoor, 1 omoia PeAtiobnke pe tnv
Tapodo Tov XPOVOUL.

Yvvontikd, 1 SCAD givor g 6yetikd omavio ottio ELEPAYIOTOS OTN
Younodia, oAAG amoTELEL OCNUAVTIKO TOGOGTO TMV EUPPUYUATOV CE

veapdtepeg NAIKiES, 101aiTEPA OTIC YUVaikeg NAKiaG KAT® TV 50 eTdV.
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H enlyvoon g ndnong nroav younin mpw and 10 ypdvia, yeyovog
TOV 001YNOE GE VITOOLAYVMOT) Kot 6€ Oepomeio Tapd Lot e EKELVT TOV
euPpayunatog A0y adnpookAnpwong. Katd v tekevtaio dexaetio
n ddyvoon g SCAD éxet Bedtiwbetl. [Tapd Tig Tpoddovg Oumg ot
un enepPatikn Kopolkn omekoévion pHe afoviky Topoypogic, 1
eMEUPOTIKY] GTEPAVIOYPAPIN TOPAPEVEL UEXPL CHUEPO M KOADTEPM

néBodog yia t ddyveon oéeiag SCAD
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ACE-I Angiotensin converting enzyme — inhibitor

ACS Acute Coronary Syndromes

AMI Acute Myocardial Infarction

ARB Angiotensisn Receptor Blocker

ASA AcetylSalicylic Acid

CAD Coronary Artery Disease

CABG Coronary Artery Bypass Grafting

CCTA Coronary Computed Tomography
Angiography

CT Computed Tomography

CX Circumflex coronary artery

CR Cardiac Rehabilitation

DAPT Dual AntiPlatelet Therapy

ECMO Extra Corporeal Membrane Oxygenation

ESC European Society of Cardiology

FMD Fibro-Muscular Dysplasia

GFR Glomerular Filtration Rate

hs-TnT highly sensitive Troponin T

IABP Intra-Aortic Balloon Pump
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IHD
IVT
IVUS
LAD
MACE
MCS
MRI
OAC
OCT
PCI

P-SCAD

RCA

RIKS-HIA

RPD (PDA)

SCAAR

SCAD

Invasive Coronary Angiography
Ischemic Heart Disease

Intravenous Thrombolytic treatment
Intravascular Ultrasound

Left Anterior Descending coronary artery
Major Adverse Cardiac Events
Mechanical Circulatory Support
Magnetic Resonance Imaging

Oral AntiCoagulant

Optical Coherence Tomography
Percutaneous Coronary Interventions

Pregnancy (associated)  Spontaneous
Coronary Artery Dissection

Right Coronary Artery
Swedish Register of Information and
Knowledge about Swedish Heart Intensive

Care Admissions

Right Posterior Descending coronary
artery

Swedish Coronary Angiography and
Angioplasty Registry

Spontaneous Coronary Artery Dissection
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SCCT

SWEDEHEART
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Society of Cardiovascular Computed
Tomography

Swedish Web-system for Enhancement
and Development of Evidence-based care
in Heart disease Evaluated According to
Recommended Therapies



Table of Contents

ADSITACE ..eeeeeieieeeeceeetee et e e crre e e e e e rerre e e e s e rreeeeeeeenraeeeesennes 3
Popularvetenskaplig sammanfattning .........ccecceeveveerveenseensieenneennnnens 7
EKAQTKEVUEVT] ETNOTIUOVIKT] OUVOWT..vvenrerrrenrereereeeesseeseessensesseesenns 10
LiSt Of PAPETS ..uveeieeiieeciiieeete e et e e e re e e e re e e ae e e ea e e e nreeeeaneaan 15
ADDTeVIATIONS ....eeevieiiieiiieeieerie ettt ae e e sis e e ae e aessaee s 16
Table Of CONTEINTS ....uuuveeeeieeiiiieeeeeeeee et e e e e e e e e e e e e ee s ssnnnees 19
| 5918 CoTa 1 Tei 0 10) 4 WU 23
Background .........cccueeieiiiiiiiiieccieccceee e 26
Pathology and definitions............ccevveeiiieriieicieenie e 26
Diagnosis and angiographic appearance .............ccocceeveerverieeereeseeennn. 29
Prevalence, incidence, demographics and natural history ..................... 33
Pathophysiology and risk factors .........c.cccveveeveriieinciir e, 35
Female sex hormones and pregnancy (P-SCAD).................... 35

Risk factors for ischemic heart disease...........c.cceeecvevervennnenn. 37
Mechanical and psychological Stress...........euceeeveveecveneeenns 38
Existing angiopathies — Fibromuscular Dysplasia................ 39
GOTIOITIICS cevveeeeeeeeeeeeeeeeeeeierrsrereeseeseseseeeeseseseseesssssssssssssssasseasans 41
PrOtEOINICS ...uevveveveeeieieieeeeeeeeeeeeeeeeisisssreeessseeeeeeeesesesessessssssssenes 42
MANAGEIMENL .....eeuviieiiiieiiieeeiieeteeereeetreesbeeesseeessseessnseeesseessseesseeas 43
ConsServative tre@tMeNL ... .. ...eeeeeeeeeeeeeeeeeeeeeeeeessissseveesereeeeeeeens 43
Percutaneous coronary iNtervention ...........ceeeeceeeeeeceeeennnes 44
Coronary artery bypass grafting ........cccccceceeeeveeeceereveeneneenns 45
TRTOTDOLYSTS ....eeveeeeeietieeeiteeeite et e st eesre e s s saeessaaeeenans 45
Mechanical circulation support (MCS) devices ...................... 46

Risk of recurrence and mortality .........ccccveeeeeienciiiiiiiieciie e 47
Long-term SCAD management...........ceeeeereuveeeeeniiieeeeniiieeeesiieeee e 47
B-BDlOCKETS ..ottt 48
SEALIN TRETAPY «.evveenveeeiiieieeeiteeteeteetee ettt 48
VASOIIALOTS e eeecteee e e e ceree e e e e eaaaee e e e saaaeeeens 49
Antiplatelet tRErAPY.......cceeeveeeeeieieiiieiriieenieeesireesreeesiaeesaeees 49



Cardiac rehabilitation and supportive therapies.................... 49

SCAD image APPENAiX ....ccccveeeeeieeeeiieeeeiieeeecteeeeeaeeeeereeeeereeeenneeas 51
AImsS of the diSSertation ........ccccceeeeeeeervereeeiiiiireeeeeeernreeeeeeeenreeeeeeenns 57
HYPOthESES ....evvieieieeecteeeete ettt e aae s 58
Material and Methods ........ooviiiiiiiiiieeeeee s 59
SEUAY L.t 59
Study POPUIALION .....couueeiiiiiiiiiieiieeteeteeteete e 59
SCAAR TOGISITY ettt ettt et 59
Angiographic SCAD diQgnosSis .........cecueeevveeriueesseereiueesseeessueens 60
Definitions of outcomes and complications .............cc.ccuueeune. 60
StUAY IT & T ...ttt et e erae e saaae e 62
StUAY POPUIATION «..eeeeeveeeeiieeeieeeecieeeecree e e ere e e aeeeesaees 62

ICA protocol and analysis ..............eeeeeueeeeevueeeeiireeeesireesesseeennns 62
CCTA protocol, acquisition and reconstructions.................... 63
CCTA QNALYSIS ..ottt ettt 65
Coronary segment classification protocol..................c.cc...... 66
SEUAY TV ettt e et e 67

N aVTe (T8 oYo) o171 Lo T o) £ NSRS 67
Study design and dAt@ SOUTCES............ceeeeuveeeeereeeeerrreeseseeeeaanns 68
Independent angiographic review...........ccceeeeveeeeeevveeesvuneenn. 68
Registry-based asseSSMeNt ...........ccceeeeeeveeeeceereseersseeneeenennes 68
Statistical MEthodS......cccvvvieiieeeee e 70
STUAY L e e 70
StUAY IT & TIL ..ottt et e e saee e 70
SEUAY TV oottt e st 71
FENICS ettt e e e e e e et e e e see s e asasabaaraaaaees 72
L] 7 SR 73
STUAY L. et 73
Patient CRATACEETTSEICS ....uvvvveeeeeereeeeeeeeiireeereeeeieverreeeessrereeeeens 73
Procedural CRATACEETTSLICS .....cccovvveeeeeeeirreeeeeeeeiireereeeeeerereeeenns 74
Inpatient care and medications at discharge......................... 74
OULCOTIICS ...eeeeevveeeeeeeeeeteeeeeerreneeseeersanneesesssssnnesssssssnnesesessssnnnns 79
StuAY IT & TIL ...ttt e e 83
Patient pOPULALION ........eeeueeeseeeeieieeeieeieeeeeetee et 83
Basic characteriStCS.........uuuuieeeeveeeeeeeeciireeeeeeereeeeeeeeenseeeeeannns 83
Angiography findings-ICA ..........ccccceveeveeseesenseeseeseeeseneen. 84

20



Angiography findings-CCTA.........ccccoveevernensenseeseeeeeeaen. 84

Agreement between the imaging modalities ......................... 86
STUAY TV oo e e e s e s e s e ee s e e ees s 98
Baseline patient characteristics and risk factors .................. 98
SCAD prevalence, angiographic characteristics, and invasive
MANAQGEIMEINL .....covviinniiiniiiiiiiiiiiii e eaees 99
SCAD registration in the SCAAR 1€giStTy.....cccoeveeevueernueennne. 102
Medical record documentation of SCAD...........ccccceeeevuennnen. 104
DISCUSSION eeieuvieeeiiieeeiteeeriteeeeiteeeeiteee sttt eesateeessreeesssseesssseeessnne 110
STUAY L. e e 110
EDIdemiology .........cuueeeeueeeeecueeeeeieeeeeieeeeceeeeseeeeeesneeesvaeens 110

RISK fACLOTS .ottt ettt e sve e e sae e s e saeae e 112

SEX AISITTDULION «...eeeveeeiieeieeeieeeeeet ettt 112
Angiographic characteristics and invasive management.... 113
MedicAl LRETAPY ........ceeeeeeerereiereieeeiieesreesiseesseessseessseessseenns 114
OULCOTIIES ccvuvveeiieieeeeeeeeeeeeeeeetteetretisssssseeeeseeeeessssesssssssansnsnnns 115
Strengths and HMItALIONS .......ceeeveeeeeeecieeiiennieenieenieessaeenanes 115
CONCIUSTOM . ..eeeeeeeeeeeieeeiteeieee ettt eesaaessraessaaessaeesaeees 116
Studies I & IL.....ccovieeiiieeiiieciie et 117
Diagnostic performance of CCTA versus ICA............ccuueeeune. 117
SCAD subtype detection and classification..............cceeeueeenns 119
Comparison with prior StUALES ...........cceceeeveeeceeeveerereenennen. 119
Clinical implications and future directions ...........cc..ce.c...... 121
Study strengths and HMItAtiONS ........ceeveeeueeeceerseeeseeersvennnes 122
CONCIUSTION . ..c.cunvvveeeeeeerrrereeeeeeiaeeeeeeeesisreeeeesessreesessessssenseeessnnns 123
STUAY TV oo s s e s s e s e e e s eesee 124
SHUAY SITENGLAS c...veeeeiieieiieeecieeeecite ettt sve e saee e 126
SHUAY LIMIEATIONS ...veeeeeevveeeiieieiieeeecieeeeeireeesreeeeeseeeseseeeennns 127
CONCIUSTOMN . ..eveeeeieeeeiieeeeteeeetee ettt e s ee e e ae e s vee e e s saae e s aeas 128
Impact on daily practice ............ccooceeeeeeeeeeveeeesueenseenseeeneeenne 128
CONCIUSIONS ....eviieeiiieeeciee ettt e e cee e e care e e erae e e e aaeeeeenaaeeennns 130
Future research - what is not known and what is needed............... 133
Personal RefleCtion .......ccuveeeieeiiveeeeieiiieereeeeeeeeeeceeeinreeeeeenvaeeees 134
Acknowledgements ..........ccueeeeuieeeciieeceiee e 137
3 () 4=) 8 (<R RRRRRRRRRR 141

21






Introduction

Scientific publications mention the term “spontaneous coronary artery
dissection” as early as 1982.! Prior to this, no unified or consistent
definition of the condition exists in the published literature. >
Nonetheless, isolated case reports, predominantly post-mortem,
appear in scientific literature as early as 1947- when the first definitive
pathological description was reported, illustrating the usual pathology
of intimal-medial separation and interstitial hematoma. *® Notably,
authors observed that these dissections occurred in coronary arteries
that appeared otherwise normal and free of significant atherosclerotic
disease.>*’

During the late 1980s and early 1990s the term spontaneous coronary
artery dissection or SCAD became formally defined and subsequently

10-12 gince then, numerous publications,

adopted into clinical use.
primarily from Western and other developed countries including the
United States, Canada, Denmark, France and Japan, have sought to
elucidate the questions of incidence and prevalence in a SCAD-related
MI population, describe the condition, and characterize its associated
risk factors and clinical features. '3

At that time, many early publications did neither differentiate whether
dissections occurred on a healthy or atheromatous vessel nor did they
differentiate between a true spontaneous vessel dissection on a healthy
vessel or dissections occurring during atheromatous plaque rupture as

part of an acute coronary syndrome (ACS) event,'!:17:24-26
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In the subsequent decades, largely through the work of J. Saw and
colleagues, a simple classification system was introduced and has

since been adopted worldwide for the description of SCAD lesions

(Figure 1).27:28
/!
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Figure 1. SCAD subtype classification: Type [: Visible radiolucent “flap”
in vessel lumen. Contrast fills the vessel. Type IIA: Abrupt lumen narrowing
in varying length. Distal vessel is normal. Type IIB: Abrupt lumen narrowing
along vessel length. Type III: Short, abrupt lumen narrowing, imitates
atherosclerosis. Type IV: Vessel occlusion, no distal contrast staining.
Adapted from Saw J., Cath Cardiovasc Interv 2014 vol.84, 7, 1115-22

The advent of intravascular imaging during about the same period ,
provided critical insights into the underlying mechanism and
heterogenous presentations of SCAD- and a growing body of evidence
emerged, showing some common features:>> SCAD affects mostly
women of peri-menopausal age (usually late forties or early fifties),
patients have few, if any, classical risk factors for coronary artery

disease (CAD) and it may coexist with other arteriopathies

24



(fibromuscular dysplasia, or FMD, being the most common) and other
connective tissue disease.?!-?%30-3

Prospective and retrospective registry data have proven invaluable in
advancing our understanding of the natural history of SCAD and
provide further insights to treatment strategies and potential
approaches to event prevention.'®**40-4® By the end of the previous
decade, consensus statements were formed regarding treatment and
diagnostic recommendations.*>! Despite these advances however,
there are still knowledge gaps regarding optimal diagnostic, treatment
and prevention strategies.*!%3

Against this background of expanding evidence and increased
recognition of the clinical impact of SCAD — particularly among
middle aged women- the SweSCAD study group was initiated in
Sweden in 2018. The present dissertation includes findings from this

national effort, aiming to further contribute to the understanding of

SCAD epidemiology, diagnosis and management.
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Background

Pathology and definitions.

SCAD is an acute condition characterized by separation of the
coronary arterial wall layers, resulting in the formation of an
intramural hematoma and subsequent compression of the true vessel
lumen.*>! Regardless of the initiating mechanism, accumulation of
blood in the dissection compartment, narrows the true vessel lumen,
impairs blood flow and produces symptoms indistinguishable from an
acute type 1 MI, namely chest pain with typical radiation to the arms,
jaw or abdomen, accompanied by diaphoresis, malaise, palpitations,
and, in severe cases, malignant arrhythmias and sudden cardiac
death 495154

SCAD is defined as a non-atheromatous, non-inflammatory,
atraumatic, and non-iatrogenic (i.e., does not occur during coronary
catheter instrumentation) condition that occurs in apparently healthy
coronary artery vessels,?830-31:33,56

In the contemporary understanding of SCAD, absence of
atheromatous changes in the vessel wall is regarded as the “sine qua
non” condition for SCAD. In this sense, existence of plaques
promoting intimal rupture and hematoma should not be regarded as
SCAD.*

Likewise, inflammatory vessel wall injury is not a characteristic
feature of SCAD; there is no evidence of immune-mediated vasculitis,

inflammation injury with concomitant stenoses or aneurysm formation
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or any systemic inflammatory activity associated with the dissection
process.”’” While connective tissue disorders and systemic
arteriopathies, such as FMD, Ehlers Danlos syndrome, or systemic
lupus erythematosus, may be present as associated conditions, SCAD
in itself is not driven by primary inflammatory destruction of the
coronary vessel wall."'%°%6! Histopathological observations and in
vivo intracoronary imaging most commonly demonstrate an
intramural hematoma located within the outer medial layers,
frequently resulting in separation of the intima-media complex from
the adventitia.!”%>% The adventitial layer typically retains its external
contour, while inward compression of the true lumen by the hematoma
leads to coronary blood flow obstruction and the resulting ischemic
cascade characteristic of a MI.3%:6463

Two principal mechanistic models have been proposed to explain
SCAD pathophysiology: the “inside-out” hypothesis, involving an
intimal tear with blood entry from the lumen, and the “outside-in”
hypothesis, in which spontaneous haemorrhage of the vasa vasorum
leads to intramural hematoma formation without initial intimal
disruption (Figure 2):1+1317:3847.49.56.66-71
In the “inside-out” model, incidental rise in hydrostatic pressure and
flow during strenuous activity, isometric exercise, psychic stress etc.
is hypothesized to causes an increase in near-wall shear forces that, in
sensitive areas of the coronary vessel wall, can cause a disruption of
the integrity of the intimal layer, with blood entering the vessel wall

and propagating longitudinally between arterial layers.”>’* As the

dissection extends, accumulation of blood within the vessel wall
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results in progressive luminal compression and development of a flow-

limiting lesion. 170

0-0

B

Figure.2 Mechanistic models of SCAD. A: Logitudinal projection of a
dissected vessel with accumulation of blood in a false lumen (FL) in the outer
third of the tunica media that leads to external compression of the true lumen
(TL). B: Blood initially can enter the subintimal space through an intimal
“tear” and propagate into the media. C: Alternatively, bleeding in
microvessels of the vessel wall (vasa vasorum) can lead to expanding
hematoma and true lumen compression.

Adapted from: Adlam D et al, ESC-ACVC, SCAD study group: a position
paper on SCAD, EHJ 2018, vol 39, 36, 3353-3368

The “outside-in” model provides an alternative but increasingly

29,49,57,75

supported explanation. In this hypothesis, spontaneous

haemorrhage arises from the coronary vasa vasorum, microscopic
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vessels traversing the length of the vessel and supplying blood to the
outer medial wall.?%#>7"> In not fully understood conditions, the vasa
vasorum increase in number, size and permeability.’”® It is
hypothesized that in added hemodynamic stress these vessels possibly
rupture into the sub-adventitial space, giving rise to an intramural
bleeding that, given the right hemodynamic conditions, can propagate
along the vessel wall, detaching the intimal-medial vessel wall from
the adventitia, thus causing a sequestrated lumen compression and a
flow limiting dissection.!7#%63:6575 Secondary rupture of the intimal-
medial membrane can occur, establishing communication between the
true vessel lumen to the subintimal space and the wall hematoma, thus
giving rise to the characteristic radiologic feature of an intimal flap or

free-floating membrane in the vessel lumen. !3-2%:63:65.76

Diagnosis and angiographic appearance

The pathological processes described above manifest primarily in the
angiographic appearance of SCAD, as visualised by ICA which is the
principal diagnostic modality in the acute setting.**® ICA is an
invasive procedure which involves cannulation of a large peripheral
artery, usually larger than 2 mm in diameter, most commonly the
proximal radial or the femoral artery.””’® Through this canula and with
fluoroscopic guidance, a flexible, specially formed coronary catheter
is advanced, over an atraumatic wire, up to the aortic valve, engaging
the coronary ostia.””’® Two-dimensional images of the coronary

vessels are obtained during contrast injection through the coronary
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catheter, allowing assessment of coronary anatomy, flow patterns and
patency.””’8

SCAD is most commonly diagnosed as an abrupt lumen narrowing of
variable length that typically transitions distally to an apparent normal

t,17:19:27.39.45.47.49.67.79-81 This typical appearance of SCAD

vessel segmen
is different than the typical atheromatous plaque erosion or stenosis in
the sense that the vessel wall should be continuous and undamaged
and without any signs of thrombus formation that causes a typical
“haziness” in the flow of contrast through the vessel lumen or it should
lack the typical signs of an atheromatous plaque with concomitant
intimal erosion and thrombus formation,!7!%:27:39:45:47.49.67.79-81
Furthermore, the artery is usually free of atheromatous lesions in other
segments thus creating an image of a lone, usually mid-to-distal, lesion
as a single pathological finding rather than diffuse coronary
pathology.*’%?

In a minority of cases, a radiolucent intimal flap or membrane may be
present in the vessel lumen delineating exactly the intimal-medial
vessel wall that is floating in the vessel true lumen, if the subintimal
space is connected through intimal-medial wall rupture.®’ When
present, this finding is highly specific for SCAD and historically
represented its classic angiographic appearance. However,
contemporary experience has demonstrated that such flaps are
infrequent and their absence does not exclude diagnosis.®

SCAD may be difficult to identify even in technically adequate

angiographic studies with adequate contrast filling, filming time and

correct positioning (so that all artery branches are orthogonally
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projected).””82 Narrowing of the lumen may be discrete and confined
to distal vessel segments and the characteristic radiolucent flap
absent.*”#2 Usually in an ACS setting, the operator performing ICA
may preferentially focus on proximal, prognostic significant lesions in
the proximal coronary arteries.”®*® More distal branches (which are
most often affected by SCAD) may be overlooked.®* Contrast injection
may not be rigorous, or exposure time not long enough to assess the
entirety of the coronary artery tree. In many cases, the dissection
extends itself to the visible end of the vessel peripherally, giving it a
uniform, thin appearance thus masquerading as a small,
underdeveloped, otherwise healthy vessel.®! In few cases, the
dissection may be of short length, and the appearance may be
indistinguishable from an atheromatous lesion.?” Otherwise, the vessel
may be distally occluded, thus making evaluation impossible and
hinting to occlusive thrombosis rather than dissection.?”®> Conversely,
SCAD may be apparent in the periphery of the coronary artery tree,
but diagnosis is missed since angiographic assessment focuses on the
proximal parts of the coronary artery tree, where usually atheromatous
lesions manifest,3+8687

The introduction of intravascular imaging techniques- namely
intravascular ultrasound (IVUS) and optical coherence tomography
(OCT) has substantially improved diagnostic accuracy and
mechanistic understanding of SCAD over the last two
decades.?¥86668 These modalities allow direct visualisation of
intramural hematoma and vessel wall architecture. However, these

techniques add to the invasiveness of the diagnostic procedure as a
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coronary guide wire must be advanced through the dissected vessel for
an imaging catheter to reach the affected segment. In the case of OCT,
rigorous contrast injections must be performed for the images to be of
diagnostic quality.®® This may have adverse and potential life-
threatening consequences, such as extension of the dissection to
proximal segments, acute vessel closure or vessel perforation.
Given the fact that initial observations ascertained that dissected
vessels could heal without need for PCI, the question arises whether a
non-invasive diagnostic procedure could substitute ICA in the setting
of acute SCAD.”*

Lately, contrast enhanced CCTA has been discussed as an alternative
to conventional angiography in the setting of SCAD. CCTA is a non-
invasive, contrast-enhanced scan (usually a contrast agent is injected
into the bloodstream through a thin cannula in an antecubital vein in
the forearm) that can visualise the heart and its coronary vessels.’> The
patient is usually scanned by moving through the CT-scanner while a
ECG-triggered scan by a (minimum of 64-slice multidetector) dual
source CT system can scan the whole of the heart during a single
heartbeat.”® To improve picture acquisition and minimize artefacts the
patient usually receives an oral or intravenous -blocker medication to
slow down heart rate and buccally administered nitrate which is a
vasodilator.”®

Many publications have hypothesised that CCTA should have some
role in the detection of SCAD in the acute setting or be an easy and
non-traumatic follow-up modality. During the last decade there has

been a growing body of knowledge and research on CCTA in SCAD
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with primary and secondary diagnostic criteria for SCAD,3%9%94.97-100

However, expert consensus documents have expressed scepticism
regarding its usefulness, primarily because even the most advanced
forms of CCTA still have lower spatial resolution than ICA. This
limitation may lead to missed diagnoses of SCAD, particularly in
distal coronary artery segments where SCAD most commonly
occurs.’>! Furthermore, CCTA equipment with 24-hour availability
are not as widespread around the world as a conventional angiography
modality for the management of ACS is.!”' Even so, CCTA still poses
a plausible alternative modality for diagnosing acute SCAD and before
paper III and IV in this dissertation, there were no prospective studies

comparing the accuracy of CCTA vs ICA on acute SCAD.

Prevalence, incidence, demographics and natural
history

SCAD is not common in a general ACS population. Already in the
first studies published during the 2000s, SCAD was found to be the
underlying cause in 0.1 - 4% of all ACS-MI

11,1821,23.24.33454881 1n  younger MI populations, SCAD

patients.
prevalence is higher, up to 35% in some publications for women under
the age of 50.3>*"*% The median age for SCAD appears to be around
45-55 years of age.!#16:18.23.31.32.34.100.102 S C AD may make its debut in
patients during their 20s, especially in cases of pregnancy related
SCAD (P-SCAD) and its appearance declines during the 7" decade of

life (SCAD cases are rarely older than 65-70).%1%
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Data on SCAD is predominantly derived from Caucasian and western
country populations, with non-western countries having limited
representation.!® There may be geographic and ethnic variations in
SCAD epidemiology worldwide but, until today there is no sufficient
data to support that claim.!'*

Due to its often subtle and heterogenous angiographic appearance,
SCAD is frequently underdiagnosed during acute ICA, particularly in
cases without typical (type 1 MI) signs.”*!%1% This diagnostic
limitation may have led to uncertainty and likely underestimation of
SCAD prevalence in ACS cohorts. Over the past decade, increased
awareness among interventional cardiologists, together with the
introduction of angiographic classification systems and intracoronary
imaging has resulted in a growing number of registry and
observational studies’ higher detection rates and more consistent
epidemiologic estimates of SCAD.6!:94105-107

Regarding angiographic disease characteristics, the left anterior
descending coronary artery (LAD) is most often affected (about 50%
of cases) followed by the right coronary (RCA) and the circumflex
(Cx) arteries and their subsequent side branches.**-%1% Mid-artery and
distal coronary segments are most often affected (contrary to the usual,
proximal manifestations in IHD) by SCAD.>*!

In the acute phase, SCAD may manifest as typical MI with all pertinent
symptoms and signs, along with ECG signs of ischemia and elevated
blood serum troponins (hs-TnT). A majority of SCAD cases manifest

as Non ST-Elevation Myocardial Infarction (NSTEMI) ACS (40-

50%) while a significant portion manifest as ST-Elevation Myocardial
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linfarction-ACS (25- 40%). A smaller subset of patients may present
with malignant ventricular arrythmias or cardia arrest at initial
presentation, 374559103108
After an initial acute phase, 60-80% of cases may enter a phase of
latency without resting symptoms but with still evident angiographic
findings. If the disease does not spontaneously progress in more
proximal coronary artery segments or cause refractory occlusion in the
affected segment, then the dissection may spontaneously heal, with
hematoma resorption and re-attachment of the dissected vascular
layers to the adventitia, which usually occurs gradually, during a

period of 1-3 months.?%1%

Pathophysiology and risk factors
The pathophysiology of SCAD is not known in its entirety.” In large

series and registries along with a large body of single case
publications, some precipitating factors and underlying conditions

have been identiﬁed'21’24’48’49’102’103’1 10,111

Female sex hormones and pregnancy (P-SCAD)

Women are affected to a larger degree than men by SCAD. Most
contemporary SCAD populations consist of about 85-95% women and
5-15% men.*""!1?  There is conjecture whether the female hormone
profile actively promotes SCAD.’*3! Oestrogen and progesterone
promote changes to the vessel wall that may be associated to SCAD,
although the direct effects and specific pathophysiological pathways

are not clear.>
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Specifically, P-SCAD can manifest from the early phases (1%
trimester) of gestation and until a year after completed pregnancy, with
a peak concentration of events around the 1% month post- partum.'!>!14
Structural changes observed in the coronary arteries during pregnancy
are associated with more serious SCAD phenotypes than non-
pregnancy related SCAD.!'>!16 In European and Canadian registry
studies, P-SCAD tended to exhibit high risk features such as more
proximal located dissections, with more multi-segmental or multi-
vessel involvement and subsequent higher rates of major adverse
events (mortality, heart failure, higher rates of interventions with both
PCI and coronary artery bypass graft surgery [CABG]).!">!7
Consequently P-SCAD is associated with less favourable outcomes,
including higher rates of new onset left ventricular dysfunction and
new- onset heart failure following the index event.!'!>!15-11° However,
P-SCAD remains a minority of SCAD cases (around 5%) in any
population registry and most of SCAD patients may go through
multiple pregnancies without any events, before manifesting SCAD
later in life.!">!! Interestingly, P-SCAD incidence peaks the first
month after pregnancy, suggesting that maybe relevant changes in
hormone levels during the peri-partum period could be a possible
triggering mechanism behind P-SCAD in the peripartum and lactation
phase.!”Overall, endogenous oestrogen and progesterone exert a
protective effect against early onset IHD.'?*!?! Women tend to
develop atheromatous plaque and manifest IHD later in life. What is

known however is that exogenous oestrogen and progesterone as

hormone replacement therapy in menopausal women is associated
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with higher risk of recurrence in IHD mainly through a prothrombotic
effect.!?12* The role of exogenous hormone replacement in SCAD
remains unknown.’®!!#124 A hypothesis regarding sex related
hormones and SCAD could be that since endogenous hormone
production protects against early IHD in women, it leaves them
susceptible to other, non-atherosclerotic related pathology that can
promote SCAD during the same period that IHD manifests in
men.>*>>12! There, relative changes in the circulating sex hormones
during menopause or pregnancy may have a triggering role.>%!13

Given the observed median age of most female SCAD patients, around
the age of 50, one could expect no direct correlation to a female
hormone effect on SCAD, since during that age menopause manifests,
but rather the relative lack thereof and in some cases the exogenous
substitution of female hormone.>® There is still no clear correlation
between any hormonal replacement therapy (HRT) and recurrence of

SCAD.H4’125

Risk factors for ischemic heart disease

Although the typical SCAD patient often is described as a middle-aged
woman in the peri-menopausal period without any traditional risk
factors for IHD in many case series and registries this is not entirely
true.*’ Hypertension, whether known previously or diagnosed during
hospitalisation for SCAD, may be manifest in about 30% of the
patients.?!*® The exact role of hypertension as a long-time risk factor
is not entirely known as it is a promotor of atheromatosis.

Hypertension may anyhow have a role as a triggering factor in
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pathology models as wall stress can acutely damage the intima or
cause intramural hematoma.*®

Hyperlipidaemia and tobacco use are also present in SCAD
populations but their prevalence in SCAD registries is comparable to
the general background population and their specific contribution
remains unclear.’>*’ Diabetes is probably the only other IHD risk
factor that is truly under-represented in SCAD;?!19%126 This inverse
association is hypothesized that it reflects obliterative effects on
microcirculation and promotion of intimal and medial vessel wall
thickening.'?’ Induction of these changes may have a protective effect
against SCAD, favouring vascular remodelling that leads to

atherosclerotic pathology.*®!?7-128

Mechanical and psychological stress

The precipitating factor most often (~50% of cases) encountered in
SCAD is physical or psychological stress for reasons not fully

understood;?!-34103

Intensive (isometric and aerobic) exercise,
Valsalva type activities (cough, vomiting etc), childbirth, and in few
cases lactation, drug use (both for medical or recreative reasons) and
psychological stress (bereavement, social stress) have been reported
as precipitating factors in registry studies and case reports.*’ However,

a substantial proportion of patients do not report any preceding stress,

and a precipitating factor may not be readily identifiable. %

38



Existing angiopathies — Fibromuscular Dysplasia

FMD is a non-atherosclerotic, non-inflammatory systemic condition
that causes alterations in the vessel wall of medium-sized arteries in
the human body.'?® These changes affect all vessel layers (intima,
media and adventitia) with varying appearance, most often a typical
tortuous, “string-of-beads” with multifocal pseudoaneurysms or,
rarely, smooth, long stenoses. '%° Vessels affected are most often the
large aortic branches (renal, iliac and carotid) as well as visceral organ
arteries (the splenic, mesenteric and hepatic arteries are typical
examples).'** Symptoms may be largely absent but often and,
depending on the organ affected, can cause variant pathologies; >3
In renal FMD, secondary hypertension may be present, due to reduced
flow to the kidney, iliac FMD can cause claudication and visceral
artery FMD can cause post-prandial angina.'?!*?> Rupture of
intracranial pseudoaneurysms in FMD can cause cerebral

129-132

haemorrhages. Otherwise, thrombotic events may occur,

affecting the distal organ beds dependent on the affected vessels.?>!%"
132 The cause of FMD remains unclear, however certain genetic loci
have been identified as relevant to FMD and about 10% of patients
have affected family members.'** FMD may be also associated with
other arteriopathies, such as Ehlers-Danlos Syndrome (type IV),
Marfan’s syndrome and Moyamoya disease.!*> SCAD is often
encountered in middle aged women with FMD as a first
manifestation.'** Although the degree of correlation is not clear, in
SCAD patient series FMD has been found in 10-80% of all
patients.!®*133 Women seem to be mostly affected by FMD (median
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age of patients is 46 years) though FMD is found in both sexes and in
all ages.!*>!13% Diagnosis is made through vascular imaging techniques,
mostly angiography and contrast enhanced CT angiography.'3?
Treatment typically involves surgical correction (in the case of large
aneurysms in intracranial vessels), percutaneous intervention (in renal
arteries) and symptomatic antithrombotic treatment with antiplatelet
agents (usually aspirin).!*? Given the high rates of coexisting FMD in
SCAD patients, large vessel CT studies are recommended for the
detection and treatment of extracardiac FMD in all SCAD patients in
contemporary guidelines and recommendations.**!3%133

Migraine is today regarded as a neurovascular disease which is
perceived to affect ~14-15% of the global population, predominantly
young and middle-aged women, manifesting with sudden, recurrent
and unilateral cephalalgias which can be severe and debilitating in
many cases.'**137 Although there is no certain cause for migraine and,
much less, a connection to known arteriopathies and SCAD,
nevertheless SCAD patients do report migraine as high as 30%. 3813
What is more interesting, there are published case reports that name
ergotamine, a known antimigraine medication as a precipitating factor
for SCAD.* The latest pharmacovigilance reports on ergotamine
alkaloids however have not been able to establish a true causation
between ergotamine use and SCAD, mainly due to the scarcity of
events.'*" In any case, migraine history in SCAD should be considered
when advising on prevention and attack mitigation, since ergotamine

alkaloids, known to induce vasospasm and hypertension, may exercise
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an adverse effect on the coronary vasculature post SCAD. Hence,

ergotamine use should be limited, if not avoided, in SCAD.*

Genomics

SCAD does not appear to follow Mendelian genetics, since SCAD

very rarely exhibits familial patterns.'#!

Hence, the general
contemporary assumption today is that SCAD has a multifactorial
genetic basis where environmental factors play an important role in
conjunction with a patient’s specific genetic makeup of arterial wall
structure and vascular biology.’""!*!"143 To date, few specific loci have
been associated with SCAD and FMD. These include both rare
variants in genes encoding individual collagen and extracellular
matrix components (overlapping with genes implicated in vascular
Ehlers-Danlos syndrome, Marfan syndrome and Loys-Dietz
syndrome) and common susceptibility loci affecting arterial structure
and vascular physiology that are shared across non-syndromic
vascular disorders.’1*1142 Interestingly, a subset of risk loci for SCAD
are present in atherosclerotic disease genome-wide assays, evidence
suggesting overlapping biological mechanisms but with opposing
directionality (explaining the clinical observation that CAD has a low
prevalence in SCAD patients), a fact that may lead to a better
understanding of both diseases.'** Genome-wide assays are conducted
the last decade in many SCAD patient cohorts and selective genetic
testing is now encouraged for SCAD patients exhibiting clinical
features of inherited arteriopathy or connective tissue disease in

contemporary guidelines.’!-!#!-14?
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Proteomics

The human plasma proteome consists of thousands specific detectable
proteins that are actively secreted or passively leak into the circulation
secondary to tissue inflammation, disease or organ failure.!**'*> The
study (i.e. proteomics) for cardiovascular disease (CVD) in general
has offered multiple protein serum analyses for prognostic assessment.
In today’s practice however, a specific analysis for SCAD prognosis
is lacking. Few analyses have been discussed but yet no specific
routine test has been proposed.!#*!*® Ongoing research is conducted
under the mantle of registry trials that collect biological samples from

SCAD patients for future hypothesis generating analyses.**>!:126
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Management

Conservative treatment

Given the fact that SCAD has a high probability to spontaneously heal,
commonly within a 1-3-month period, there is a hesitation toward
active intervention (Figure 3.).4%°%6119 Initjal observational studies
noted quickly that PCI in SCAD was not as successful as for
atheromatous lesions.?%8¢14%-151  SCAD poses a higher rate of
iatrogenic injury than standard IHD during PCI, which is also less
likely to succeed. Reported PCI success rates for IHD are usually
above 90%, while it in SCAD can be as low as 60-70%.%
Instrumentation difficulties (i.e. wiring of the true lumen), stenting in
the false lumen (and risk for occlusion of the true lumen), propagation
of the dissection distally, or worse, proximally, requiring CABG
surgery are some of the reasons why PCI is not as successful in SCAD
as in IHD.* Furthermore, long-term stent results tended to be worse
in SCAD, mainly because during SCAD, vessel size may be
impossible to assess with conventional angiography.3®!3%152 Since we
can only see the contrast-perfused part of the vessel but not the false
lumen, or the whole of the adventitia there is a risk that a permanent
coronary implant may be of insufficient size.3®!*%!32 When vessel
layers reattach during the healing process, an undersized stent may
gradually become malapposed into the vessel lumen, with the
following risk for either acute or subacute stent thrombosis and stent

restenosis, J0:49:150,153
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Thus, current practice guidelines recommend an initial conservative
approach for stable SCAD without signs of ongoing ischemia with
hemodynamic instability.?!2%4*3115% Emphasis is given to symptom
relief with opiates, PB-blocker use and hypertension control
initially. %>

Antiplatelet therapy strategies are to this day still controversial, with
some advocating the fact that dual antiplatelet therapy (or DAPT in
short) is not needed in what is essentially an intramural bleed while
others point to the thrombotic risk that quantities of still, intramural
blood may trigger.*->1:525%:155.156 Intravenous nitrates, aside from the
initial vasodilating properties, also may exert their action in the distal
vascular beds, improving myocardial perfusion and lowering systemic
blood pressure, thus alleviating myocardial ischemia.?!67:156:157
Calcium channel blockers (CCB) such as diltiazem or amlodipine can
also reduce vasospasm that can coexist with SCAD and lower systemic

blood pressure.!>® 1*’There is however no robust evidence that points

to an overall beneficial effects of CCBs in SCAD.3*37:49-51.159

Percutaneous coronary intervention

As mentioned above, PCI is today reserved for those cases that exhibit
persistent, ongoing myocardial ischemia, refractory to initial
conservative treatment,?!61:86.103.110.160 - Ajthoyuoh PCI success rates
may be lower than in IHD, intervention may be mandated due to large
area-at- risk for ischemia and MI.*® In this scenario, expert
recommendations are few and mostly rely on case reports and

theoretical knowledge rather than observational data.®'%! There are
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still controversies as to whether stents or a more balloon-oriented
strategy should be adopted, while some suggest cutting balloon
strategies, to fenestrate the false lumen and thus decompress the
intramural hematoma and alleviate ischemia.'>!"15%161:162 Ope meta-
analysis with 1435 patients in total, mentions that PCI in SCAD can,
if successful, lead to similar mid- and long-term results with
conservatively treated SCAD.!®® Data from a smaller study, along with
case reports of intravascular imaging—assisted PCI, suggest higher
success rates, indicating that PCI may be more effective when

supported by adjunctive imaging modalities such as OCT.*

Coronary artery bypass grafting

Emergency coronary-aortic CABG is rarely employed in acute SCAD
in most SCAD cohorts,'#?330.37438L103 Reported frequencies are
usually between 2-5% with consensus documents and practice
guidelines preferring PCI over CABG when revascularization is
warranted in SCAD.*->! However, despite the inherent difficulties for
CABG in SCAD!"” the method does seem to offer excellent long-term
results if performed in high-volume centres and in the right patient

subgroup.??

Thrombolysis

Since SCAD may appear as a STEMI event in a significant number of
cases, there has been some scepticism (published case reports) whether

intravenous thrombolytic therapy is safe to administer in what is

effectively a compressing vessel wall hematoma.'¢*!®> However,
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administration of intravenous thrombolytics (IVT) in SCAD appeared
to be safe in an observational study.'®® Therefore clinical suspicion of
SCAD should not stand in the way of primary IVT management of
STEMI when timely (within 120 minutes) access to revascularization

facility is not achievable.

High risk
feature
present

~N
{ SN Aspirin (lifelong?)
Cardiogenic Proximal \\\ Beta-blocker (lifelong?)
shock Refractory chest dissection Sso +/- Clopidogrel (1-12 mo)
VT/VF/Cardiac pain/ischemia Left Main / +/- Statin (if indicated)
arrest proximal LAD
|
| I . )
In-hospital monitor 3-5 ]
dglvs
+/- IABP, ECMO, L R
Impella, LVAD PCI (if feasible) / CABG )
Cardiac Rehabilitation

/

Fig.3 Treatment algorithm according to SCAD risk features
Adapted from Yang et.al. Heart, 2025, 111.1184-90

Mechanical circulation support (MCS) devices

SCAD may be complicated with acute heart failure or cardiogenic
shock in a considerable portion of cases (2-9%).37:1¢7-168 Management
of this serious complication should not differ from the treatment of
acute heart failure or cardiogenic shock in patients with IHD.
Escalation of care, including advanced cardiovascular support and the

use of MCS, should be guided by the severity of the patient’s
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condition. Available data on the use of specific MCS devices (intra-
aortic balloon pump (IABP), Impella, and venoarterial-extracorporeal
membrane oxygenation (VA-ECMO), in conjunction with acute
revascularisation strategies (CABG or PCI), suggest overall

favourable outcomes.>7-167-168

Risk of recurrence and mortality

SCAD mortality, compared to contemporary type 1 MI mortality, is
significantly lower.'® In most registries, SCAD does not usually
exceed a 1% 1-year mortality (in contrast to type 1 MI mortality that
is usually 7%).3031363742170 C AD however has an equal if not higher
l-year morbidity rate with a total of major adverse cardiovascular
events (MACE) including death, new MI, new hospitalization and
unplanned re-angiography for suspect new SCAD which ranges from
5-10% per year 323440.102.199.171 AJthough SCAD patients appear to be
more prone to seek medical aid for new onset chest pain and are
referred more often for unplanned angiography, their true recurrence
rates tend to be comparable to type 1 MI recurrence at about 2-3% per

year 36 125

Long-term SCAD management

Post-SCAD care should be individualized and encompass several key
domains, including pharmacological symptom management,
preventive strategies, physical and psychological rehabilitation, and
the evaluation and management of new-onset chest pain following

SCAD.!%7 Particular attention should be directed towards selected
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pharmacological therapies and structured follow-up

strategies. %> 1:67:172

B-blockers

Initial results from observational, registry based studies hypothesize
on the efficacy of B-blockers in improving SCAD symptoms along
with overall recurrence.** There is an ongoing trial in the recruitment
phase that aims to investigate the efficacy and risk for B-blockers (and
DAPT treatment) in SCAD.*' Until definitive data are obtained,
guideline practice and consensus encourage B-blocker use both for
acute phase symptom relief and dissection control as well as long-term
treatment for SCAD recurrence on the basis of efficacy on
atherosclerotic ACS, especially in patients with reduced myocardial

ejection fraction.!”

Statin therapy

The rationale for statin therapy following SCAD remains uncertain
based on current evidence.!”* Most patients with SCAD usually do not
exhibit elevated lipid levels and generally have a low burden of
traditional IHD risk factors, suggesting that routine statin therapy may
be of limited benefit.'”” However, several considerations warrant
discussion. Notably, SCAD rarely recurs within the same coronary
segment, raising hypotheses regarding favourable histopathological
remodelling of the affected vessel wall after healing, potentially
conferring resistance to recurrent dissection in that segment.!’® In

addition, the long-term behaviour of previously dissected and healed
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segments remains unclear, particularly with respect to the future
development of atherosclerotic disease.!”’ Furthermore, in patients
undergoing PCI with stent implantation or balloon angioplasty, statin
therapy may be justified, given its well-established role in improving

outcomes following PCI.'”

Vasodilators

Nitrates and CCBs have been proven to alleviate symptoms in the
acute phase in case reports and anecdotal cases.> It is reasonable that
coronary spasm can co-exist in patients with SCAD and may be
responsive to usual vasodilator therapies, thus vasodilator use is

encouraged in current recommendations.**!%

Antiplatelet therapy

DAPT has very well-documented evidence in ACS.* However, DAPT
evidence in conservatively treated SCAD remains controversial. In a
European registry analysis, DAPT in conservatively treated SCAD
was associated with higher MACE rates, compared to single
antiplatelet therapy.'> On the other hand, imaging studies point out
that SCAD may be compounded with thrombus in the false lumen,
justifying the use of DAPT.%

Cardiac rehabilitation and supportive therapies

Cardiac rehabilitation (CR) is recommended post type 1 MI with

demonstrable improvement in physical and mental health scores and

appears to be safe, regarding new adverse events, for all patients.*!”*
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181 Proposed CR programmes for SCAD have been published the last

182 However, only approximately 60-70% of patients

decade.
participate in CR following a SCAD event, largely due to uncertainties
regarding its relevance in this patient population, which are typically
younger and more physically active than patients with atherosclerotic
MI.172183 Tt is therefore recommended that healthcare providers
develop specific CR programmes aiming at the specific needs of SCAD

patients.84
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SCAD image Appendix

(All images derived from Linkoping University hospital cath lab)

Appendix figure 1. Type I SCAD in distal marginal branch (white arrows

pointing to dissection membrane)
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Appendix figure 2: Type IIA SCAD in mid-LAD (white arrow). In the left
lower lower corner: IVUS image of the same area with typical SCAD
finding. IVUS catheter is placed in the true lumen (TL) of the vessel, the
false lumen (FL) is dark and hypoechogenic.

52



Appendix figure 3: Type IIB SCAD in a distal marginal branch. White
arrows pointing to the sudden lumen narrowing which continues along the
entire vessel length.
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Appendix figure 4: Type III SCAD (large white arrow) in the distal
circumflex artery. SCAD continues in a terminal marginal branch as a IIB
type lesion (small white arrows). In the lower right corner: IVUS from the
proximal lesion, the catheter is in the true vessel lumen.
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Appendix 5: Type IIA SCAD in a localized lesion (white arrows).
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Appendix figure 6: Type IV SCAD in the distal LAD (white arrows) which
is occluded in its terminal segment. Probable multi-segment SCAD since a
27 diagonal branch (black arrow) appears also dissected. No intracoronary
imaging could be performed.
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Aims of the dissertation

1.

To establish a national cohort of patients with SCAD using
data from the Swedish Coronary Angiography and
Angioplasty Registry.

To examine the prevalence, incidence, treatment and outcome

of SCAD in Sweden

. To evaluate a potential non-invasive diagnostic approach

using state-of-the-art CCTA

To further characterize CCTA findings in SCAD and
compare them with ICA

To determine the prevalence of SCAD among younger

women presenting with acute MI.

To assess temporal trends in SCAD diagnosis over the past

decade.
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Hypotheses

58

SCAD in Sweden has a prevalence, incidence, mortality, and
overall MACE profile comparable to those reported in North

American and European registries.

SCAD patients are currently treated the same as type 1 MI

patients.

State-of-the-art CCTA, when performed under optimal
conditions, yields diagnostic accuracy comparable to ICA for

the diagnosis of SCAD.

SCAD represents a significant proportion of cases among

younger women presenting with acute MI.

. Diagnostic detection of SCAD has improved over the past

decade.



Material and methods

Study I

Study population

This study was a retrospective analysis of prospectively collected data
from the SCAAR registry. Between the 17" of December 2015 and the
30" of December 2017, all consecutive patients with a recorded
diagnosis of SCAD were identified using the SCAD variable
introduced in SCAAR the 15" December 2015. Patients with non-
SCAD MI who underwent ICA during the same period were included

as a comparison group.

SCAAR registry

SCAAR prospectively collects data on all patients undergoing ICA
and PCI at all Swedish hospitals performing these procedures.
Established in 1999, SCAAR forms part of the national
SWEDEHEART registry. The registry is funded exclusively by
Swedish public health authorities and receives no commercial
sponsorship. Each ICA is described by approximately 50 variables,
and each PCI by around 200 variables. Since December 2015, SCAD
has been available in SCAAR as a non-mandatory variable with three
selectable options, definite, possible, or no dissection, supplemented

by a free-text field for additional details such as SCAD type or affected
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coronary segment. Registry data are entered by the treating
interventional cardiologist.

SCAAR covers 100% of patients undergoing ICA and PCI in Sweden.
Data on baseline characteristics, medical history, procedural details,
and in-hospital complications are collected prospectively. SCAAR is
part of the Swedish Web-system for Enhancement and Development
of Evidence-based care in Heart disease Evaluated According to
Recommended Therapies (SWEDEHEART). Information on ongoing
medication at hospital admission and discharge was obtained by
merging SCAAR with the Register of Information and Knowledge
about Swedish Heart Intensive Care Admissions (RIKS-HIA), which
is also part of the SWEDEHEART registry framework.

Angiographic SCAD diagnosis

All index ICA in patients with suspected SCAD were re-evaluated by
an independent interventional cardiologist at each participating centre
to confirm the diagnosis. Patients without angiographic confirmation
of SCAD were excluded. SCAD was defined according to the Saw
angiographic classification. Coronary artery dissections attributed to
atherosclerotic plaque rupture or considered iatrogenic were excluded.
Definitions of outcomes and complications

The primary outcomes were all-cause mortality, recurrent MI, and
acute invasive coronary re-angiography. Recurrent MI was defined
as hospital readmission with International Classification of Diseases
codes 121 or 122. Acute re-angiography was defined as an unplanned

ICA performed after the index event.
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Information on all-cause mortality and MI was obtained by linking
SCAAR with the national population registry and RIKS-HIA,
respectively. Data on new ICA and PCI were retrieved from SCAAR.
Follow-up data were available until June 2018 for death and MI, and
until January 2018 for new ICA.
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Study II & 111

Study population

Patients with conservatively managed SCAD were enrolled at 7
hospitals in Sweden between April 2021 and October 2022. Inclusion
criteria were: (1) SCAD diagnosed by ICA and (2) a clinical diagnosis
of ACS. Exclusion criteria were: (1) atherosclerotic stenosis >50% in
any affected coronary artery, (2) ad hoc PCI, (3) highly irregular heart
rhythm, (4) pregnancy, (5) estimated glomerular filtration rate (¢GFR)
<45 mL/min/1.73 m? (6) body weight >120 kg, (7) inability to
communicate, (8) unwillingness to participate and (9) known allergy
to 1odine-based contrast agents used during the index ICA. All patients
underwent CCTA within 2-5 days after ICA. Data on comorbidities,
clinical presentation, and sociodemographic characteristics were
retrieved from medical records and supplemented by patient
questionnaires completed during follow-up approximately two months
after the acute event. All data were pseudonymised to protect patient

identity.

ICA protocol and analysis

ICA was performed according to routine clinical practice using radial
or femoral arterial access and cine acquisition during contrast injection
at 7.5-30 frames per second. All ICA images were reviewed for SCAD
verification, number of affected segments, and lesion classification
according to the modified Saw criteria by two experienced

interventional cardiologists during joint assessment sessions.
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The modified Saw classification includes four angiographic types:
type 1, characterized by a visible dissection flap and double lumen,
type 2, representing long, diffuse stenosis of mid-to-distal segments,
further subdivided into type 2a (normal-calibre distal vessel) and type
2b (stenosis extending to the distal vessel tip) and type 3, which
mimics focal atherosclerotic stenosis and requires intracoronary
imaging for confirmation. A more recently described type 4 involves
total occlusion of a distal vessel, often identified during intervention
or on follow-up imaging during vessel healing. In cases of
disagreement, a third interventional cardiologist was consulted to
achieve consensus.

Coronary artery segmentation was defined according to the Society of
Cardiovascular Computed Tomography (SCCT) model to allow direct
comparison with CCTA analyses. Coronary artery tortuosity was
assessed in all vessels using a previously described classification

system.

CCTA protocol, acquisition and reconstructions

CCTA was performed using a dual-source CT system with at least 128
detector rows (Somatom Flash, Drive, or Force; Siemens Healthineers,
Forchheim, Germany). Acquisition protocols were adapted to heart
rate and rhythm. A high-pitch, ECG-gated acquisition was used in
patients with a regular heart rate <60 beats per minute (bpm).
Sequential ECG-gated acquisition during 65—-75% of the R-R interval

was applied in patients with regular heart rates of 61-70 bpm, while a
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wider acquisition window (35-80%) was used in patients with higher
and/or irregular heart rates.

Automated exposure control and tube voltage selection were applied
(CARE Dose 4D and CARE kV; Siemens Healthineers). Acquisition
parameters included detector collimation of 128 X 0.6 mm
(Flash/Drive) or 192 x 0.6 mm (Force), rotation time of 0.28 s
(Flash/Drive) or 0.25 s (Force), pitch of 3.4 (Flash/Drive) or 3.2
(Force), quality reference mAs of 290, and reference tube voltage of
100 kV.

A test bolus of 10 mL iodine-based contrast agent (=320 mg
iodine/mL), followed by 50 mL saline, was administered to determine
contrast arrival time in the coronary arteries, and an additional delay
of 5 s was added to optimize coronary enhancement. The contrast dose
was weight-adjusted to 325 mg iodine/kg (maximum body weight 77
kg), with an injection duration of 12 s.

For image optimization, buccal nitroglycerin (up to 0.8 mg) was
administered before scanning, as well as intravenous [-blocker
(metoprolol, up to 10 mg) and/or oral B-blocker (atenolol, 25-100 mg),
when appropriate. Images were reconstructed with a slice thickness
<0.6 mm and 50% overlap using Bv36 or Bv38 convolution kernels
and iterative reconstruction techniques (SAFIRE or ADMIRE;
Siemens Healthineers), noise reduction level 4. All imaging data were
pseudonymised, and ICA and CCTA reports were blinded for all

reviewers.
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CCTA analysis

All CCTA scans were independently interpreted in consensus by two
experienced cardiac radiologists, blinded to ICA findings. Image
quality, presence of SCAD, and atherosclerotic burden were assessed.
Discrepancies were resolved by consensus. Coronary segments were
defined according to the SCCT 18-segment coronary artery model.
For each visualised coronary segment, assessibility for SCAD
detection was graded using a modified 5-point image quality scale (4
= excellent, 3 = good, 2 = moderate, 1 = poor, 0 = non-diagnostic),
adapted from prior studies assessing atherosclerotic lesions. Image
interpretation included evaluation of axial images, multiplanar and
curved multiplanar reconstructions, maximum intensity projections,
and volume-rendered images using dedicated post-processing
software (syngo.via VB30B; Siemens Healthineers).

Segments were initially classified as showing no SCAD, primary
SCAD features, or primary SCAD features with additional secondary
features. Primary SCAD features included: (a) dissection with visible
intimal tear (linear hypoattenuation separating contrast-filled true and
false lumens); (b) intramural hematoma (vessel wall thickening
without luminal stenosis >50%); (c) abrupt luminal stenosis (>50%
diameter reduction over <0.5 mm); and (d) tapered luminal stenosis
(>50% diameter reduction over >5.0 mm). Secondary features
included epicardial fat stranding, coronary tortuosity, myocardial
bridging, and myocardial hypoperfusion. Coronary tortuosity was

graded using a previously described model; mild tortuosity was not
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considered. Other coronary abnormalities, when present, were also
recorded. 311

Subsequently, all CCTA-detected SCAD lesions were categorized
according to the modified Saw classification. All coronary segments
were additionally classified as having no coronary artery disease,

<50% atherosclerotic stenosis, or >50% atherosclerotic stenosis.

Coronary segment classification protocol

Coronary segments 1, 2, 5, 6, and 11 according to the SCCT 18-
segment model were defined as proximal segments. Segment 2 (mid—
right coronary artery) was included as proximal due to the absence of
a clear anatomical border separating it from the proximal right
coronary artery. Segments 3, 4, 7-10, and 12—-18 were classified as
distal segments. As the 18-segment model includes both left and right
posterior descending artery branches, although only one is present
depending on coronary dominance, the maximum number of evaluable

coronary segments per individual was assumed to be 17.
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Study IV

Study population

All women younger than 50 years undergoing ICA January 2015-
December 2023 due to suspected MI at three hospitals in two Swedish
counties constituted the study population. To identify the study
population, personal data were extracted from SCAAR for all patients
meeting the following criteria: (1) female sex (2) age 18—49 years (3)
ICA performed between January 2015 and December 2023 at one of
the included catheterisation laboratories in the Vistra Gotaland region
(Gothenburg or Trollhittan) or the Ostergdtland region (Linkdping or
Norrkoping, within the same organisational network) and (4) an ICA
indication registered in SCAAR as STEMI, NSTEMI, late-presenting
STEMI (>24 hours), or cardiac arrest with ST-elevation. Two centres
were university hospitals with continuous 24/7 catheterisation
laboratory services (Linkdping and Sahlgrenska, Goteborg). The third
centre was a regional hospital (Norra Alvsborg Hospital [NAL],
Trollhdttan) providing weekday and night-time catheterisation
services, but without weekend coverage. During periods when the
catheterisation laboratory at NAL was not operational, patients
requiring acute ICA were transferred by ambulance to Sahlgrenska

University Hospital.
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Study design and data sources

This was a retrospective analysis. Three independent data sources
were used in this study: (1) findings from the independent
retrospective ICA review (January 2015-December 2023), (2) SCAD
data recorded in SCAAR (December 2015—-December 2023), and (3)
SCAD diagnoses documented in patients’ medical records (January
2015-December 2023). Each patient was included only once in the
final dataset, based on the date of the first evaluable ICA.

Independent angiographic review

All angiograms were independently evaluated by two senior
interventional cardiologists at each centre. Reviews were performed
separately at each site, with consensus adjudication in cases of
disagreement. Identified SCAD lesions were classified as “certain” or
“possible” and further categorised according to the Saw angiographic
classification. Use of intracoronary imaging techniques was recorded

when applicable.

Registry-based assessment

We investigated the extent to which SCAD may had been
underdiagnosed or underreported following the introduction of the
SCAD-specific variable in SCAAR and assessed whether diagnostic
recognition improved over time.

The extracted dataset comprised all available SCAAR variables,
including the SCAD-specific variable. Finally, following

angiographic assessment, patients’ medical records were reviewed to
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determine whether a diagnosis of SCAD had been documented in the

ICA report and/or the broader medical record.
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Statistical methods

Study I

Data are presented as numbers and percentages, mean + standard
deviation (SD), or median with interquartile range (IQR), as
appropriate. Continuous variables were compared using Student’s ¢
test for normally distributed data and the Mann—Whitney U test
otherwise. Categorical variables were compared using the y? test.
Event rates over time are presented using Kaplan—Meier curves, and
group comparisons were performed using the log-rank test. A two-
sided p value <0.05 was considered statistically significant. The
overall proportion of missing data was low (<2.5% across variables),
except for smoking status, which was missing in 7.2% of patients with
non-SCAD MI. Statistical analyses were performed using IBM SPSS

Statistics version 25.

Study II & 111

Population characteristics were presented as percentages for
categorical variables, and as mean values with SD for continuous
variables. SCAD localisation and type according to the modified Saw
classification and primary and secondary findings on CCTA are
presented as numbers. Analysis of inter-modality agreement was
performed utilising Cohens Kappa (k) statistics, with k value 0.00—

0.20 indicating slight agreement, 0.21-0.40 fair agreement, 0.41-0.60
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moderate agreement, 0.61-0.80 substantial agreement and 0.81-1.00
almost perfect agreement. Separate calculations were done for
proximal and distal segments, respectively. The Mann-Whitney U test
was used to compare the image quality of all dissected segments
depending on whether they were verified or non-verified on CCTA.
Analysis of all data was conducted with SPSS IBM Statistics Data

Editor version 29.

Study IV

Categorical variables are presented as numbers and percentages. Age
is presented as the mean and SD. Sensitivity, specificity and inter-
observer agreement per year between registry-reported and
investigator-assessed SCAD, as well as between medical record-
diagnosed and investigator-assessed SCAD, were calculated and
presented as percentages and k-values, respectively. For analyses of
diagnostic performance, cases with missing SCAD entries in SCAAR
and those classified as “possible” SCAD in either the angiographic
review or the registry were excluded. Temporal trends in inter-
observer agreement between registry-reported or medical record
diagnoses and investigator-assessed SCAD were analysed using linear
regression, with results reported as B-coefficients and p-values. The
threshold for statistical significance was set at p <0.05. Analyses were

performed using SPSS version 27 (IBM Corp., Armonk, NY, USA).
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Ethics

Appropriate ethical approval for the handling of sensitive personal
data from medical records, as well as national and clinical registries,
the use of ionizing radiation beyond standard clinical practice, and
blood sampling was obtained from the Swedish Ethical Review
Authority (Dnr: 2018/122-31 and 2020-00748; amendments 2021-
01930 and 2021-04264).

In all studies, patient records and radiological data were anonymized
to ensure patient confidentiality. Written informed consent was
obtained from all participants prior to inclusion in Studies II and III,
in accordance with the study protocols. For Studies I and IV, patients
were informed of their inclusion in the SWEDEHEART registries and
were given the opportunity to withdraw consent for participation at
any time.

All studies were conducted in accordance with the Declaration of

Helsinki.
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Results

Study I
Patient characteristics

During the study period, 264 possible SCAD cases were reported in
the SCAAR registry. After local re-evaluation, 147 SCAD cases in 24
centra were verified. Sweden’s average population during the study
period was 9 985 629 individuals according to population registry.
Thus, the incidence of SCAD between 2015 and 2017 was 0.74 /
100.000 / year with a prevalence of 0.43% of all acute MI cases at the
same time. In MI patients younger than 50 years, SCAD prevalence
was 2.2% (7.3% in women and 0.8% in men, respectively). The mean
age of SCAD patients in Sweden was 52.9 years, younger than patients
with non-SCAD MI that was 68.5 years. In total, 111 (75.5%) SCAD
patients were women. There were significant differences in baseline
traditional THD risk factors, aspirin use and previous revascularization
(with either CABG or PCI) between the SCAD and non-SCAD MI
populations. There was a significantly higher proportion of women
with SCAD MI than in non-SCAD MI (75.5% and 31.9%, p<0.01).
Diabetes was significantly under-represented (2.0%) in the SCAD MI
population, along with all classic risk factors (hypertension,
hyperlipidaemia, smoking history). Regarding pre-hospitalization
medication there were few significant differences found, notably
aspirin and statin use were higher in the non-SCAD MI group. P2Y 1>
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inhibitor, OAC and DAPT use was not significantly different (Table
1).

Procedural characteristics

STEMI occurred significantly more often in SCAD MI patients than
non-SCAD MI (47.6 % and 39.3%, p<0.01). However, there was no
significant difference in rates of coronary artery occlusion at ICA
(17.7% and 23.8%, p=0.08). A conservative approach as initial
treatment was adopted in significantly more patients in the SCAD-MI
arm of the study (59.9% and 29.1%, p<0.01). At least one stent was
implanted in 30.6% of SCAD MI patients compared to 65.8% of non-
SCAD MI patients (p<0.01). Intravascular imaging was significantly
more often employed in SCAD MI patients than in non-SCAD MI
(24.5% and 3.9%, p<0.01). PCI general success was reported lower
(86.4%) in SCAD MI patients than non-SCAD MI (94.8%) (Table 2).

Inpatient care and medications at discharge

Median hospital stay for both groups was similar at 4 days (p=0.93).
Medications at discharge were similar regrading use of B-blockers, aspirin,
P2Y z-inihibitors, DAPT and oral anticoagulants. However, ACE-I /ARBs
and statin use differed significantly (Tables 2 and 3 & Figures 1 and 2).
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Table 1. Baseline (on admission) characteristics in SCAD and non-SCAD

ML

SCAD MI Ni)n—SCAD MI

n=147 n=32 601 P-value

n (%) n (%)
Age 52.9+12.2 | 68.5+11.8 <0.01
Female gender 111 (75.5) 10 391 (31.9) <0.01
Diabetes 3(2.0) 6921 (21.4) <0.01
Hypertension* 39 (26.5) 19 070 (59.4) <0.01
Hyperlipidaemiat 20 (13.7) 9125 (30.4) <0.01
Smoking historyf 56 (38.1) 17 599 (58.1) <0.01
Previous MI 16 (10.9) 5482 (36.5) <0.01
Previous CABG 0 1996 (6.1) <0.01
Previous PCI 6(4.1) 5482 (16.8) <0.01
ACE-I or ARB s 26 (17.7) 11 904 (36.5) <0.01
Beta-Blocker 25(17.1) 10 107 (33.7) <0.01
ASA 27 (18.5) 8 577 (28.6) <0.01
P2Y i2-inhibitor 4 (2.7 1642 (5.5) 0.15
DAPT 3(2.1) 951 (3.2) 0.44
OAC 7 (4.8) 2426 (7.6) 0.21
Statins 20 (13.7) 9125 (30.4) <0.01

*: Antihypertensive treatment on admission. 1: Treatment with lipid
lowering agents on admission. f: Active or previous smoking history. ACE-
I: ACE-inhibitor; ARB: angiotensin receptor blocker; ASA : acetyl salicylic
acid; CABG : coronary artery bypass graft surgery; DAPT : dual antiplatelet
therapy; MI: myocardial infarction; OAC : oral anticoagulants; PCI:
percutaneous coronary intervention; SCAD: spontaneous coronary artery

dissection.
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Table 2. Coronary angiography, invasive and medical management in SCAD and

non-SCAD MI

SCAD Non-SCAD-MI

n= 147 n=32 601 P-value

n (%) n (%)
Coronary angiography, findings and management
STEMI 70 (47.6) 12 823 (39.3) <0.01
Coronary artery 26 (17.7) 7 601 (23.8) 0.08
occlusion

88 (59.9) 9493 (29.1) <0.01
Conservative
management 59 (40.1) 23108 (70.9) <0.01
Attempted PCI 45 (30.6) 21 455 (65.8) <0.01
PCI with stent 36 (24.5) 1260 (3.9) <0.01
OCT/IVUS 51 (86.4) 21913 (94.8) <0.01
General success*
Medical therapy at discharge
ACE-I or ARBs 87 (59.2) 24 187 /74.2) <0.01
Beta blockers 118 (81.9) 25370 (86.0) 0.16
ASA 134 (93.1) 26 552 (89.9) 0.21
ASA only 17 (11.6) 3096 (9.5) 0.39
P2Y i2-inhibitor 123 (85.4) 24 871 (84.3) 0.72
DAPT 117 (81.3) 23 418 (79.4) 0.59
OAC 13 (8.8) 3935 (12.2) 0.22
Statins 110 (76.4) 27 036 (91.7) <0.01

treatment.

infarction.

*Subjective assessment by the operator. Operator reached the main aim of the

ACE-I: Angiotensin Converting Enzyme-inhibitor; ARB: angiotensin receptor
blocker; ASA: acetylsalicylic acid; DAPT: dual-antiplatelet therapy; MI: myocardial
infarction; OAC: oral anticoagulant; OCT/IVUS: optical coherence tomography /
intravascular ultrasound; PCI: percutaneous coronary intervention; SCAD:
spontaneous coronary artery dissection; STEMI: ST-segment elevation myocardial
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Table 3. Coronary angiography findings in SCAD- SCAAR 2015-2017

Saw
classification Diagnostic feature Invasive management
at index STEMI | OCT/IVUS | Conservative | Attempted | PCI | General
event
n PCI w. success*
n=147
stent
I 5
n=18 7 (38.9) 4(22.2) 13 (72.2) 5(27.8) 27.8) 4 (80)
ITA/1IB 31 35
0= 107 47 (43.9) | 26(34.3) 67 (62.6) 40 (37.4) 29.0) | (87.5)
mn 5(83.3) 2(33.3) 5(83.3) 1 (16.7) ! 1 (100)
n=6 ' ' ' a6
v 8 11
=16 11 (68.8) | 4(25.0) 3 (18.8) 13 (81.3) (50.0) | (84.6)

MI= Myocardial Infarction, OCT/IVUS= Optical Coherence Tomography / IntraVascular
UltraSound, PCI= Percutaneous Coronary Intervention, SCAD= Spontaneous Coronary

Artery Dissection, STEMI= ST-segment Elevation Myocardial Infarction.
*Subjective assessment by the operator. The operator has reached the main aim of the

treatment.
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Distribution of SCAD subtypes
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Figure 4. Distribution of SCAD subtypes.
SCAD: Spontaneous Coronary Artery Dissection
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Figure 5. Medical therapy at discharge

ACE-I: Angiotensin Converting Enzyme-Inhibitor; ARB: Angiotensin Receptor
Blocker; ASA: Acetyl-Salicylic Acid; DAPT: Dual Antiplatelet Therapy; MI:
Myocardial Infarction;

SCAD: Spontaneous Coronary Artery dissection.
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Outcomes

Follow up time for MACE was 17 months. No difference was noted

between SCAD and non-SCAD MIs during this period. However, all-

cause mortality in SCAD MI was significantly lower when compared

to non-SCAD MI (2.7% and 9.7% respectively, p<0.01). In SCAD

patients, new, unplanned ICA was more often (9.5%) than non-SCAD

patients (4.6%, p<0.01) (Table 4).

Table 4. Outcome in SCAD and non-SCAD myocardial infarction

SCAD Non-SCAD-

n= 147 MI

n (%) 1=32601 | p_yalue

n (%)

Death 4 (2.7 3099 (9.7) <0.01
MI 3(2.0) 1424 (4.4) 0.20
Acute, 14 (9.5) 1495 (4.6) <0.01
unplanned
angiography
post discharge

MI: Myocardial infarction; SCAD: Spontaneous Coronary Artery Dissection
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Supplementary tables (Study I):

Supplementary Table 1. Saw angiographic classification of SCAD.

Classification

SCAD type 1

The classical angiographic radiolucent ‘flap’ and
linear double lumen.

SCAD type
2a/2b

A long diffuse and smooth stenosis predominantly
located in mid-to-distal segments, and classical signs
of a dissection as in Type 1 are missing; Type 2a:
Distal vessel normal; Type 2b: The stenosis extends
angiographically to the end of the vessel.

SCAD type 3

Angiographically indistinguishable from a focal
atherosclerotic stenosis requiring diagnostic
confirmation by OCT or IVUS.

SCAD type 4

Total occlusion. The diagnosis established once
coronary flow is re-established or inferred by
subsequent vessel healing and the exclusion of an
embolic cause.
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Supplementary Table 2.
Coronary angiography and invasive management in SCAD subtypes.

Saw- 1 HATB | v
Classification | .o n=107 (o n=16
(index event) n=18 (%) (%) n=6 (%) (%)
STEMI | 7(389) | 47(43.9) | 5(833) | 6218)
Diagnostic | OCT/IVUS
Jagnost I 4(222) |260243) | 2(33.3) | 4(25.0)
Occlusion 00 |15040| 00 | 6;1 6
Conservative
omemont | 13722) | 67(626) | 5(833) | 3(188)
Attempted 13
vaive o 518 (40674 | 1067 | oy
management | - PCIwith | 5 o7 ) | 31 (20.0) | 1(16.7) | 8 (50.0)
stent
General 11
Seneral 480 35675 | 1000 | gl

SCAD: Spontaneous Coronary Artery Dissection; MI: Myocardial
Infarction; STEMI: ST-segment Elevation Myocardial Infarction;

OCT/IVUS: Optical Coherence Tomography / Intravascular Ultrasound;

PCI: Percutaneous Coronary Intervention.

*Subjective assessment by the operator. The operator has reached the main
aim of the treatment.
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Supplementary Table 3.

Outcomes in SCAD subtypes.

| ITA/IIB 111 v
n=18& n=107 n=6 n=16
(%) (%) (%) (%)
Death 2 (11.1) 0(0) 0(0) 2 (12.5)
MI 0 (0) 3(2.8) 0(0) 0(0)
Acute coronary re-
angiography 1(5.5) 10(9.3) [ 1(16.7)| 2(12.5)

Myocardial Infarction.

SCAD = Spontaneous Coronary Artery Dissection, MI =
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Study II & 111

Patient population

During a period of 18 months (April 2021 until October 2022), 49
SCAD patients were identified for inclusion into the study. Three
patients were excluded after ICA review due to uncertainty of the
SCAD diagnosis (atheromatous lesions, one verified by subsequent
ICA with intravascular imaging). Fourteen (14) patients were
excluded due to not completing the study protocol or due to protocol
violation. The final study population consisted of 32 patients. (Fig.
6).

Eligible SCAD patients:
n=49
Not SCAD atreview: 3
Did not perform CCTA:8
SCAD patients with
completed CCTA:

n=38
Inconclusive CCTA:4
CCTA notaccording to protocol:2

[ SCAD patients with evaluable CCTA }

performed according to protocol
n=32

Figure 6. Patient inclusion algorithm for studies II1&III

Basic characteristics

The study population consisted of 29 women and 3 men with a mean
age of 52.4years (SD £8.6 years). Hypertension was present in 7
(22%), tobacco use in 5 (15%), hyperlipidaemia and diabetes in 2
patients (6%). Among other co-morbidities, 11 patients (34%) had
completed screening for FMD with 5 (45% of screened patients)
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having verified or possible FMD. Five patients (15%) had a previous
SCAD according to medical records, all in other locations than the
current one. The clinical presentation was STEMI in 7 (22 %) and
NSTEMI ACS in 25 (78%). Intracoronary imaging was used in 7
(22%) patients. Unplanned repeat ICA was performed in 4 (12%) of
the patients (Table 5).

Angiography findings-ICA

In total, 46 coronary artery segments were identified with SCAD on
ICA. The most common dissection type according to Saw
classification was type Ila (n=18, 40%), followed by IIb (n=13, 28%)
and IV (n=11, 24%) (Figure 7). All Saw type III lesions (n=2, 4%)
were identified by intracoronary imaging. Four patients had multi-
vessel SCAD, involving non-adjacent segments in different coronary
arteries and 8 patients had multi-segment SCAD, extending in
adjacent segments in the same coronary artery (Table 5).

Of the 32 patients, 13 were identified as having higher than mild grade

coronary artery tortuosity.
Angiography findings-CCTA

Mean time to CCTA from diagnostic ICA was 3.2 days (SD+1.3).
CCTA detected 25 affected SCAD segments of which 3 were not
identified by ICA but appeared only on CCTA, adjacent to a diagnosed
dissected segment on ICA (Figure 8). Primary diagnostic findings on
CCTA were as follows: 8 (28%) dissections identified as tapered
luminal stenosis, 11 (39%) as abrupt luminal stenosis, 7 (25%)
exhibited visible dissection membrane and 5 (18%) exhibited an

intramural hematoma.
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Table 5. Basic patient characteristics

Number of patients 32
Women, n (%) 29 (91)
Mean age (SD), years 52.4 (+8.6)
Peri-partum SCAD, n (%) 1(3)
Cardiovascular risk factors

Hypertension, n (%) 7(22)
Hyperlipidaemia, n (%) 2 (6)
Diabetes, n (%) 2 (6)
Current smoker, n (%) 5(15)
Co-morbidities

Previously known CTD, n (%) 1(3)
Previously known FMD, n (%) ® 5@31)P
Previously known SCAD, n (%) 5(15)
Clinical presentation

ST elevation MI, n (%) 7(22)
Non-ST elevation MI, n (%) 23 (72)
Unstable Angina, n (%) 2 (6)
Cardiac arrest at presentation, n (%) 2 (6)

Angiographic features

OCT and/or IVUS, n (%) 7 (22)
Multi-vessel SCAD, n (%) 39
Multi-segment SCAD, n (%) 8(25)

Unplanned repeat angiography during follow-up?, n (%) 4(12)

PCI during follow-up?, n (%) 1(3)

aUntil Oct 2022; ® Incomplete FMD status in 16 patients, ongoing screening;
SCAD: spontaneous coronary artery dissection; CTD: connective tissue disease;
FMD: fibromuscular dysplasia; MI: myocardial infarction; OCT: optical coherence
tomography; IVUS: intravascular ultrasound; PCI: percutaneous coronary
intervention
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Regarding secondary diagnostic criteria, epicardial fat stranding was
seen in 9 (32%) of dissections and 8 patients were identified as having
more than mild grade coronary artery tortuosity (4 tortuous and 4
severely tortuous) (Figure 9).

Dissection type distribution; modified Saw
classification

20
18
16
14
12
10
8
6
4
2
. | - m N}
| Ila Ilb 1l IV Not graded
M No of dissected segments on CCTA M No of dissected segments on ICA

Figure 7. SCAD distribution on ICA and CCTA
Agreement between the imaging modalities

The diagnosis of SCAD could be verified by CCTA in 20 patients
(62.5% accuracy, 95% CI 45 — 80). In patients with proximal SCAD
(n=3) the accuracy was 100% (95% CI 29.2 — 100.0%), whereas in
patients with distal SCAD (n=29) accuracy was 59% (95% CI 40.7%
—77.2%). Out of 544 (32 x 17) possible coronary segments, 538 were
evaluable with ICA as well as CCTA.

86



8/6 8 D22/0
Inred: ICA detected dissections (46) b 10
6/1
LAD

In blue: CCTA detected dissections (25) D
0/0 ?
2/2
A M_0/0
17
QM1 8/2
12
14
4 RPD 11 L]ils]) 0/0 OM2
L 4/3
' RP 15 //IPL
=2 0/0

Figure 8. Coronary artery tree with SCAD distribution according to ICA and
CCTA

In addition, 3 segments were detected on CCTA only, 2 proximal and
1 distal. The level of agreement between the two imaging modalities
for all segments was k = 0.6 (95% CI 0.46 — 0.73). Among proximal
segments (n=158), ICA diagnosed 3 and CCTA 5 dissected segments,
K =0.74 (95% CI 0.40 — 1.00). Among distal segments (n=380), ICA
diagnosed 43 and CCTA 20 dissected segment with an inter-modality
agreement of k = 0.57 (95% CI 0.42 — 0.72). There was no significant
difference in image quality across verified and missed dissected

segments in CCTA (p =0.097). (Tables 6,7)
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Dlstrlbutlon of primary and secondary SCAD

12
features on CCTA
10 9(36%)
8 (32%) 8 (32%)
8
6
4 (16%)
4 3 (12%
2
0 0 0
0 —
&° o° ~ A N & &
&° & & fz,“o ,2,06 @oc’ P 3 &
& ,b\é‘ é)\f;’ L N & *‘b‘ QQ} o‘@
(Q\Q,b ({\\Q 2 '2}‘(\ \;\’g’ ,&* (\’b& *Qo ~Q°
& N S S @ & O NS o
S x A & O & ® <0
@ R <2 &P C o
QQ/ S \\&
A2 e $rz,
>
| | &
L =
Primary diagnostic features Secondary diagnostic features

Figure 9. Primary and secondary SCAD diagnostic features in CCTA

Table 6. Confirmation of SCAD by CCTA on patient level
All patients (n=32) ICA confirmed SCAD

Positive CCTA 20

Negative CCTA 12
Patients with proximal SCAD (n=3)

Positive CCTA 3

Negative CCTA
Patients with distal SCAD (n=29)

Positive CCTA 17

Negative CCTA 12
Diagnosis of spontaneous coronary artery dissection (SCAD) was made by
invasive coronary angiography (ICA). No cases without SCAD were included.
ICA =invasive coronary angiography, CCTA =coronary computed tomography
angiography.
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Table 7. SCAD detection on ICA and CCTA on coronary segmental level.
All segments (n=538) Positive ICA Negative ICA Total
Positive CCTA 22 3 25
Negative CCTA 24 491 513
Total 46 494 538
Intermodality agreement: k = 0.60, 95% CI 0.46 —0.73)
Proximal segments (n=158)
Positive CCTA 3 2 5
Negative CCTA 0 153 153
Total 3 155 158
Intermodality agreement: k = 0.74 (95% CI 0.40 — 1.00)
Distal segments (n=380)
Positive CCTA 19 1 20
Negative CCTA 24 336 360
Total 43 337 380
Intermodality agreement: x = 0.57, 95% CI 0.43 —0.72)
Coronary segments with and without spontaneous coronary artery dissection
detected by invasive coronary angiography (ICA) and by coronary computed
tomography angiography (CCTA). Out of 544 (32 x 17) coronary segments, 538
were evaluable with ICA as well as CCTA.
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Individual data on clinical and angiographic

Supplementary Table 1.

characteristics
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Supplemental Figure 1. Imaging quality comparison; Mann-Whitney U Test:

Segment_Quality_CCTA
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Study IV

Baseline patient characteristics and risk factors

Among approximately 54,000 ICAs, we identified 291 women aged
<50 years presenting with MI. After exclusion of duplicate procedures,
retaining only the index admission, 265 unique patients were included.
The mean age at the time of ICA was 44 years (SD: 6 years) (Figure
10). The indication for ICA was NSTEMI in 61.5%, STEMI of any
duration in 36.6%, and cardiac arrest with ST-elevation in 1.9%.
Hypertension was present in 82 patients (31.1%), diabetes mellitus in
49 (18.5%), prior MI in 44 (16.7%), and 70 patients (26.4%) were

current tobacco users (Table 8).

Overall, women aged <50 years accounted for 1.2% of all ICAs
performed for suspected MI (Linkdping 1.0%, Gothenburg 1.2%,
Trollhéttan 1.4%), with no clear temporal trend over the study period
(Supplementary Figure S1). When considering all ICA procedures,
women aged <50 years with MI represented only 0.4-0.5% across

hospitals (Sahlgrenska 0.54%, NAL 0.49%, Link&ping 0.40%).
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Table 8. Basic characteristics (study 1V)

MI population, 265 women under 50 years n (%)
SCAD variable registered in SCAAR 165 (62.2)
Mean age, years (SD) 44+6
Cardiovascular risk factors

Hypertension 82 (31.1)
Hyperlipidemia 44 (16.7)
Diabetes 49 (18.5)
Any tobacco use, ever 116 (43.8)
Prior MI diagnosis 44 (16.7)
Indication for acute/subacute ICA

ST elevation MI, any duration 97 (36.6)
Non-ST elevation MI 163 (61.5)
Cardiac arrest with ST-elevation 5(1.9)
Angiographic features in 56 SCAD patients n (%)
Multi-vessel SCAD 11 (19.6)
Multi-segment SCAD 22 (39.2)
OCT and/ or IVUS performed! 19 (33.9)
PCI (with balloon or stent) performed 23 (38.3)

One patient underwent both OCT and IVUS.

MI, myocardial infarction; SCAD, spontaneous coronary artery dissection;
SCAAR, Swedish Coronary Angiography and Angioplasty Registry;

ICA, invasive coronary angiography; OCT, optical coherence tomography;
IVUS, intravascular ultrasound; PCI, percutaneous coronary intervention

SCAD prevalence, angiographic characteristics, and invasive

management

Angiographic review of all 265 ICAs identified 56 definite SCAD
cases (21.1%) and 12 possible SCAD cases (4.5%). Among the 56

definite SCAD cases, a total of 97 dissected coronary segments were
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identified and classified according to Saw criteria: 5 type I dissections,
75 type II dissections (36 type Ila and 39 type IIb), 2 type III

dissections, and 15 type I'V dissections.

Age distribution in all patients and SCAD
[ A patients [] scap

0.12

0.09

0.03

0.00

50

Age (years)

Dashed lines show median age
All patients (n=265, median=46 years)
SCAD (n=56, median=44 years)

SCAD: Spontaneous Coronary Artery Dissection

Figure 10. Age distribution density curves in SCAD patients and total
population

Dissections were predominantly located in mid-to-distal vessel
segments. Specifically, 18 dissections involved the mid-LAD, 19 the
distal LAD, and 12 the first obtuse marginal branch. The left main
coronary artery was involved in four dissections. Overall, 56 dissected
segments were located in the LAD or its branches, 22 in the circumflex

artery, and 15 in the right coronary artery (RCA) (Figure 11).
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Figure 11. SCAD distribution according to coronary artery segment (X-axis)
and type (colour)

Multivessel SCAD was present in 11 patients (19.6%), and 22 patients
(39.2%) had multisegment involvement within a single vessel.
Intravascular imaging—OCT or IVUS—was performed in 19 patients
(33.9%), including 10 with OCT, 10 with IVUS, with one patient

examined using both modalities.

PCI, including balloon angioplasty and/or stent implantation, was
performed in 23 of the 56 definite SCAD patients (38.3%), compared
with 124 of 209 patients without SCAD (60%). No significant
temporal change in PCI frequency among SCAD patients was
observed during the study period. Two patients in the non-SCAD

group underwent referral for subacute CABG.

When stratified by age decade, the prevalence of definite SCAD was
33.3% among women aged 18-29 years (3/9), 26.8% among those
aged 30-39 years (11/41), and 19.5% among those aged 40—49 years
(42/215) (Figure 12). Age distribution density curves (Supplementary
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Figure S3) demonstrated a median age of 44 years among SCAD-

associated MI patients, compared with a median age of 46 years in the

overall cohort.

Prevalence of SCAD by Age Group

Point estimate with 95% confidence intervals (18—49 years)

60%

40%
3.3% (3/9)
®

26.8%|(11/41)

19.5% (42/215) 21.1% §56/265)
20%

0%

Prevalence of SCAD (%)

18-29 years 30-39 years 4049 years All (18—49)
Age Group

SCAD: Spontaneous Coronary Ariery Dissection

Figure 12. SCAD prevalence by age group:

SCAD registration in the SCAAR registry

The SCAD variable in the SCAAR was completed in 165 patients
(62.2%). Among these, definite SCAD was reported in 32 patients
(19.4% of those with completed entries; 12.1% of the total cohort),
possible SCAD in 11 patients (6.7% and 4.2%, respectively), and no
SCAD in 122 patients.

Crosstabulation of registry data with the angiographic review
identified 29 true-positive and 109 true-negative cases, along with 2

false-positive and 7 false-negative entries. For diagnostic performance
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analyses, patients classified as “possible SCAD” in either the
angiographic review or SCAAR, as well as patients with missing
SCAD entries, were excluded (n=18). Based on the remaining cases,
registry sensitivity for SCAD was 80.5% and specificity was 98.2%
(Table 9).

Overall interobserver agreement between angiographic adjudication
and registry data yielded a « statistic of 0.64. Annual x values ranged
from 0.29 to 0.90 between 2016 and 2023. Linear regression analysis
demonstrated a significant increase in agreement over time ($=0.71,

p=0.05) (Figure 13).

Table 9: SCAAR diagnostic performance

SCAD on angiographic review
SCAAR report Total
No SCAD SCAD
116
0, 0,
No 109 (74.1%) 7 (4.8%) (78.9%)
31
o 0,
Yes 2 (1.4%) 29 (19.7%) (21.1%)
Total 111 (75.5%) 36 (24.5%) 147
) ’ (100)

Data represent n (%). Table includes only patients with completed SCAD variable
in SCAAR and excludes "possible" SCAD classifications.

True positives (TP) = 29; True negatives (TN) = 109; False negatives (FN) = 7;
False positives (FP) = 2.

Sensitivity = TP/(TP+FN) = 29/36 = 80.6%; Specificity = TN/(TN+FP) = 109/111
=98.2%.

SCAAR, Swedish Coronary Angiography and Angioplasty Register; SCAD,
Spontaneous Coronary Artery Dissection.
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Multiple Line: Agreement in medical record (blue) and agreement in SCAAR (red) by Year
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Figure 13. Multiple kappa lines (SCAAR: red, medical record; blue)-
development and B-coefficients over time

Medical record documentation of SCAD

Given the substantial proportion of missing SCAD entries in SCAAR,
we further assessed whether SCAD diagnoses were omitted at registry
entry or clinically unrecognized by reviewing medical records and

discharge summaries (Table 10).

In the full cohort of 265 patients, SCAD was documented in medical
records for 38 patients, of whom 36 represented true positives
confirmed by angiographic review and 2 were false positives. Three
additional patients received a discharge diagnosis of “possible
SCAD”; two of these were confirmed as SCAD upon review, while

one was not. None of the 12 cases classified as “possible SCAD” in
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the angiographic review received a SCAD-related discharge

diagnosis. No SCAD diagnosis was recorded in 224 patients.

Table 10: Medical records diagnostic performance

SCAD as recorded in SCAD angiographic review
Total
medical records No SCAD SCAD
Yes 2 (0.8%) 36 (14.4%) 38 (15.2%)
No 194 (77.6%) 18 (7.2%) 212 (84.8%)
Total 196 (78.4%) 54 (21.6%) 250 (100.0%)

Data represent n (%). Table excludes "possible" SCAD classifications and
patients without medical record documentation.

True positives (TP):36; True negatives (TN):194; False negatives (FN):18; False
positives (FP):2

Sensitivity = TP / (TP + FN) = 36/54 = 66.6%; Specificity = TN / (TN + FP) =
194/196 = 98.9%.

SCAD, Spontaneous Coronary Artery Dissection

Comparison of discharge diagnoses with angiographic findings
identified 194 true-negative and 18 false-negative cases,
corresponding to a sensitivity of 66.6% and specificity of 98.9%, with
an overall x of 0.61, indicating moderate agreement. Annual k values
ranged from 0.13 to 1.00, with linear regression demonstrating a

significant improvement over time (f=0.78, p=0.01) (Figure 13).

Among the 20 patients with definite SCAD on angiographic review

who did not receive a SCAD diagnosis in their medical records, 17
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were diagnosed as type 1 MI (9 STEMI and 8 NSTEMI), one as

Takotsubo cardiomyopathy, and two as “possible SCAD”.

Supplementary figures and tables (study IV).

Table 1. Full cross tabulation of the SCAAR report

SCAD on angiographic review

SCAAR report Total
No SCAD SCAD Possible SCAD
No 109 (41.1%) 7 (2.6%) 6 (2.3%) 122 (46.0%)
Yes 2 (0.8%) 29 (10.9%) 1 (0.4%) 32 (12.1%)
Possible 3(1.1%) 8 (3.0%) 0 (0.0%) 11 (4.2%)
Missing 83 (31.3%) 12 (4.5%) 5(1.9%) 100 (37.7%)
Total 197 (74.3%) 56 (21.1%) 12 (4.5%) 265 (100.0%)

Data represent n (%)."Possible" SCAD represents angiographic uncertainty in coronary
artery dissection diagnosis. SCAD variable not completed in SCAAR registry: n=100
(37.7% of total cohort). SCAAR: Swedish Coronary Angiography and Angioplasty Register;
SCAD: Spontaneous Coronary Artery Dissection
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Table 2. Full cross tabulation of medical records

SCAD as SCAD angiographic review
recorded in
medical Possibl Total

ossible
records No SCAD SCAD SCAD
No 194 (73.2%) 18(6.8%) 12 (4.5%) 224 (84.5%)
Yes 2 (0.8%) 36 (13.6%) 0 (0.0%) 38(14.3%)
Possible 1 (0.4%) 2 (0.8%) 0 (0.0%) 3 (1.1%)
Total 197 (74.3%) 56 (21.1%) 12 (4.5%) 265 (100.0%)

Data represent n (%). "Possible” SCAD represents angiographic uncertainty in coronary
artery dissection diagnosis.
SCAD, Spontaneous Coronary Artery Dissection

Table 3. Missing data in SCAAR

Year Linkoping NAL Sahlgrenska Total

2015 16 (15/93.8%) | 6(6/100.0%) [ 19 (19/100.0%) 41 (40 /97.6%)
2016| 14 (10/71.4%) 3(0/0.0%) 9(0/0.0%) 26 (10/38.5%)
2017| 10 (6/60.0%) 5(0/0.0%) 18 (1/5.6%) 33(7/21.2%)
2018 12 (8/66.7%) 7 (4/57.1%) 16 (5/31.2%) 35 (17 / 48.6%)
2019| 12 (9/75.0%) 7(5/71.4%) 13 (3/23.1%) 32 (17/53.1%)
2020 14 (7/50.0%) | 11(7/63.6%) | 16(2/12.5%) 41 (16 /39.0%)
2021 | 16 (7/43.8%) 5(2/40.0%) 29 (0/0.0%) 50 (9/18.0%)
2022| 11 (7/63.6%) 3(2/66.7%) 13 (2/15.4%) 27 (11/40.7%)
2023 | 6(3/50.0%) 1(0/0.0%) 17 (2/11.8%) 24 (5/20.8%)
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Figure 1. Yearly share of all MI for women <50
(NAL: Norra Alsvborg hospital)

SCAD Prevalence by Year (2015-2023)
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Figure 2. SCAD prevalence by year
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Total Study Cohort (n = 265)

Women <50 years with myocardial infarction undergoing invasive coronary angiography (2015-2023)

Distribution of Patients Across Diagnostic Data Sources

n=265 n=265 n=265
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Number of patients
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Angiographic SCAAR Discharge
Review Registry Diagnosis
(Reference)

B Definite SCAD I Possible SCAD | No SCAD Missing data

Figure 3, Distribution of the total study cohort of 265 women <50 years with
myocardial infarction undergoing invasive coronary angiography, across
three diagnostic data sources: independent angiographic review (reference
standard), SCAAR, and discharge diagnoses from medical records. The
figure illustrates the distribution of definite, possible, and non- SCAD cases
across the three diagnostic data sources and highlights the proportion of
missing SCAD entries in SCAAR.
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Discussion

Study I

In this nationwide study with complete coverage of patients with MI
undergoing ICA over a two-year period, we observed an incidence of
SCAD of 0.74 cases per 100,000 inhabitants per year and a prevalence
of SCAD of 0.43% among all MI cases in Sweden during the study
period. The prevalence of SCAD among patients younger than 50
years presenting with MI was 2.2%, and SCAD accounted for 7.3% of
MI cases in women younger than 50 years.

Rates of combined adverse outcomes and recurrent MI were
comparable between patients with SCAD and those with non-SCAD
MI. However, patients with SCAD underwent acute coronary re-
angiography more frequently. Although most SCAD patients (59.9%)
were managed conservatively without PCI or CABG, DAPT was

prescribed at discharge in 81.3% of cases.
Epidemiology

Although the prevalence of SCAD observed in this study was lower
than that reported in most earlier investigations, it exceeded
prevalences reported in previously published multicentre studies. An
early study from western Denmark, including 32,869 patients from
three centres over an eight-year period, reported a SCAD prevalence
of 0.2%, while a Japanese multicentre cohort of 20,195 patients with

Ml enrolled over 13 years identified a SCAD prevalence of 0.31%.'848
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Our findings are consistent with the recently published meta-analysis
by Franke et al., which included more than 2,000 SCAD patients.**
Importantly, unlike prior studies, we did not exclude patients with
angiographic evidence of atherosclerosis in coronary segments other
than those affected by SCAD.? Conversely, when compared with
smaller single-centre cohorts, the prevalence in our study was lower.
This may, at least in part, be explained by the relatively recent
introduction of the SCAD-specific variable in the SCAAR registry and
the associated learning curve among interventional cardiologists in
recognising and consistently reporting all angiographic SCAD
subtypes. Consequently, some degree of underdiagnosis is likely,
particularly in centres without a focused interest in SCAD.

We also observed a lower prevalence of SCAD among female patients
younger than 50 years presenting with MI (7.3%) compared with
previous reports, in which prevalences ranging from 23% to 36% have
been described.!®?33132 These studies were small, single-centre series
comprising no more than 20 SCAD cases in women younger than 60
years. A fifth study by Nakashima et al., reported a SCAD prevalence
of 35% among women younger than 50 years with ML* The
discrepancy between these findings and ours may reflect population-
specific differences, including genetic factors and the relatively low
burden of coronary artery disease in Japanese cohorts. Alternatively,
for the reason mentioned above, this may point to a degree of

underdiagnosing or underreporting of SCAD in Sweden in a recently

added variable.
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Risk factors

Our results align closely with existing literature demonstrating that
SCAD primarily affects middle-aged women with a low prevalence of
traditional cardiovascular risk factors and limited use of chronic
cardiovascular medications.!61:2331324548 Notably, 10% of SCAD
patients in our cohort had a history of prior MI. This may reflect SCAD
recurrence, as it cannot be determined whether the index event
represented a first or recurrent SCAD episode. Previously reported
recurrence rates of 4.7—17% over follow-up periods of 2—4 years are
consistent with our findings.'®?!*® Alternatively, prior MI may be
attributable to concomitant atherosclerotic disease in coronary

segments unaffected by SCAD.
Sex distribution

In the present cohort, 25% of SCAD patients were men, a substantially
higher proportion than reported in many previous studies, particularly
those excluding individuals with any degree of concomitant
atherosclerosis.>'***19  Nevertheless, other investigations have
reported male proportions ranging from 23% to 46%.'%2* Exclusion of
SCAD patients with coexisting atherosclerotic disease inevitably
selects for younger, predominantly female populations with fewer
comorbidities. While such selection may be appropriate for
mechanistic, imaging, genetic, or proteomic studies, it introduces bias
when estimating incidence, prevalence, management, and prognosis.
By including all SCAD patients except those with iatrogenic

dissections or dissections secondary to plaque rupture, our study
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provides a more representative description of the overall SCAD
population. These findings suggest that SCAD affects men more
frequently than previously appreciated and underline the importance

of maintaining a high index of suspicion in both sexes.
Angiographic characteristics and invasive management

Type 2 dissection was the most common angiographic manifestation
of SCAD, in agreement with prior studies, followed by type 1
dissection.’!*>1% However, type 1 SCAD was identified less
frequently in our cohort (12.2%) compared with earlier reports (29—
55%), while the prevalence of type 3 SCAD was similar. This pattern
suggests that classic angiographic signs such as intimal flaps and
double lumens may be less common than previously assumed,
possibly reflecting improved recognition of non-classical SCAD
appearances.

Although intravascular imaging was used more frequently in SCAD
patients than in those with non-SCAD MI, most type 3 and type 4
SCAD cases were diagnosed without OCT or IVUS. Given that type
3 SCAD is angiographically indistinguishable from atherosclerotic
coronary artery disease, the absence of intravascular imaging
represents a limitation of the present study. Potential explanations
include technical challenges, particularly in distal occlusions, limited
awareness of its diagnostic importance, and increasing operator
experience allowing angiographic diagnosis without additional

invasive imaging.
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Revascularisation with PCI and stenting was performed less frequently
in SCAD than in non-SCAD MI, although PCI was attempted in 40%
of SCAD cases and stents were implanted in 30%. Previous
retrospective studies have reported revascularisation rates ranging
from 12% to 56%.!%?2324 In the absence of randomised controlled
trials defining optimal therapeutic strategies for SCAD, it is not
possible to draw conclusions regarding over- or undertreatment.
Furthermore, data regarding the clinical context underlying
revascularisation decisions, such as haemodynamic instability, were

not available.
Medical therapy

Discharge medication patterns were remarkably similar between
SCAD and non-SCAD MI patients, including the use of acetylsalicylic
acid, P2Y12 inhibitors, and dual antiplatelet therapy. This likely
reflects adherence to general ACS guidelines in the absence of SCAD-
specific evidence.*° Approximately 80% of SCAD patients received
beta-blockers, a finding of interest given retrospective evidence
suggesting an association between beta-blocker therapy and reduced
risk of SCAD recurrence.** Conversely, statin use was frequent despite
the lack of guideline recommendations supporting routine statin
therapy in SCAD patients without atherosclerosis.*>*® These findings
likely reflect limited familiarity with SCAD management during the
study period, which largely preceded 2018.
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Outcomes

Overall outcome rates did not differ significantly between SCAD and
non-SCAD MI patients. Although all-cause mortality was lower in
SCAD, rates of recurrent MI were similar. SCAD patients were,
however, more frequently subjected to acute, unplanned coronary re-
angiography (9.5%), indicating substantial morbidity. Comparisons
with recent European SCAD studies reveal re-angiography rates
ranging from 4% to 8.5%.%*>87:155 We observed an all-cause mortality
rate of 2.7% after a median follow-up of 17.3 months, which is higher
than previously reported and may reflect inclusion of a broader, less
selected SCAD population.

The observed recurrent MI rate of 2% was lower than rates reported in
prior studies, which have ranged from 4.8% to 12% per year, with
cumulative SCAD recurrence rates of up to 17% over longer follow-
up.'63*4 Differences in follow-up duration and temporal clustering of
adverse events may partly explain these discrepancies.

The mechanisms underlying the high frequency of acute re-
angiography remain unclear and cannot be explained by recurrent MI
or revascularisation needs alone, as PCI was performed in only 5 of 14
re-angiography cases. Recurrent angina and challenges in chest pain
risk stratification may have contributed and warrant further

investigation.
Strengths and limitations

A major strength of this study is the inclusion of all patients with

SCAD in Sweden during the study period, ensuring complete
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nationwide coverage. All centres performing invasive coronary
angiography were represented, and all SCAD cases recorded in
SCAAR were independently reviewed and validated by an
experienced interventional cardiologist. Furthermore, prospectively
entered registry data minimised recall bias and missing information
for mandatory variables.

Limitations include potential heterogeneity in SCAD diagnostic
confirmation due to the absence of a central core laboratory and the
potential underdiagnosing that may be present in this early iteration of
a SCAD variable in the SCAAR registry. Coronary segment
distribution in SCAAR was not mandatory up to this date and was
frequently unavailable, precluding segment-level analyses. Data on
fibromuscular dysplasia were not available, and predictors of major
adverse cardiovascular events could not be assessed due to the limited

number of SCAD cases.
Conclusion

Patients with SCAD were relatively young and largely free from
traditional cardiovascular risk factors, yet experienced substantial
morbidity and non-negligible mortality, as well as frequent exposure
to acute coronary re-angiography and its associated risks. Given the
low incidence and prevalence of SCAD, these findings underscore the
importance of heightened diagnostic awareness in both women and

men, including patients with potential coexisting atherosclerotic CAD.
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Studies II & 111

In this first prospective all-comer study comparing ICA with CCTA
for the diagnosis of acute SCAD, CCTA demonstrated moderate
diagnostic sensitivity, confirming the diagnosis in 62.5% of patients.
Among patients with proximally located SCAD identified on ICA,
CCTA detected all cases (100%), whereas only 59% of patients with
distal SCAD on ICA were correctly identified by coronary CTA. As
expected, CCTA performed less well in cases of distal SCAD,
reflecting its lower spatial resolution compared with ICA.*°

In the present cohort, SCAD was predominantly located in distal
coronary segments, accounting for 90% of cases (29 of 32 patients),
consistent with findings from previous observational studies reporting
preferential involvement of mid to distal coronary segments. Our
findings contrast with earlier retrospective studies, a discrepancy that
is likely attributable to substantial patient selection bias in those

reports.”>183

Diagnostic performance of CCTA versus ICA

The principal finding of this prospective multicentre study is that
contemporary state-of-the-art CCTA has limited utility for the
diagnosis of acute SCAD. Fewer than half of the dissected coronary
segments identified by ICA were detected by CCTA, and the overall
intermodality agreement was only moderate (i = 0.60).

Nevertheless, CCTA performed comparably to ICA in the detection of

proximal SCAD lesions, although such lesions were uncommon
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among conservatively treated patients in the present cohort. CCTA
identified five proximal dissected segments, whereas ICA identified
three, yielding substantial agreement (kx=0.74). Given the small
number of proximal lesions, these findings should be interpreted
cautiously, and no firm conclusions can be drawn regarding potential
superiority of one modality over the other. The slightly higher number
of proximal segments detected by CCTA may reflect interobserver
variability in defining segmental anatomy or delineating lesion
borders. Alternatively, this observation may be attributable to the
relative advantages of CCTA for proximal lesions, as CCTA enables
comprehensive visualisation of the entire vessel wall, facilitating more
accurate assessment of dissection extent than lumenography alone
with ICA.

Only one distal coronary artery segment detected by CCTA was truly
discrepant in our cohort (patient no. 16, Supplemental Table). This
case may represent a genuine false-positive finding or, less likely, a
true dissection visible on CCTA but not apparent on ICA. By contrast,
CCTA demonstrated inferior performance for distal coronary
segments, detecting only 44% of ICA-confirmed dissections
(k=0.57). The reduced sensitivity of CCTA for distal lesions is
expected given its lower spatial resolution (500—625 pm) compared
with ICA (approximately 160 pm), which limits assessment of small-
calibre vessels.!®® Importantly, missed SCAD segments on CCTA
could not be attributed to impaired image quality, as imaging quality
did not differ between examinations with detected versus undetected

lesions.
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Given that SCAD localisation in our cohort was predominantly distal
(29 of 32 patients, 90%), this limitation is of particular clinical
relevance. In addition, patients with proximal SCAD more often
require PCI or CABG owing to a more severe clinical presentation.
Consequently, the role of CCTA in the acute assessment of these

patients is inherently limited.
SCAD subtype detection and classification

CCTA detected two additional Saw type 1 lesions compared with ICA,
suggesting that spatial resolution was sufficient in these cases to
identify visible dissection flaps. Conversely, reviewing ICA operators
were unable to identify corresponding contrast defects, possibly
because the dissections were confined by intramural haematomas
originating from the adventitial-medial layer of the vessel wall.
Alternatively, these cases may represent progression from type 2a to
type 1 SCAD between examinations.

CCTA failed to detect any type 3 lesions, missed most type 2b and
type 4 lesions, typically located distally, and could not classify 3 of 28
detected dissections. These findings indicate that the modified Saw
classification has limited applicability to CCTA, as certain SCAD

morphologies are inherently difficult to visualise with this modality.
Comparison with prior studies

The moderate agreement observed between CCTA and ICA in our
study contrasts with previous retrospective reports describing good or
near-perfect concordance.’®!%’ In the study by Sun et al., involving 36
patients, 66% of detected lesions were proximal, and all lesions were
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amenable to intravascular imaging, implying a population with larger-
calibre vessels.!®> These characteristics suggest substantial selection
bias favouring proximal lesions, which are more readily detectable by
CCTA. Furthermore, that cohort included not only SCAD cases
(n=28) but also iatrogenic (n=2) and trauma-related dissections
(n=6), limiting direct comparison with our exclusively SCAD
population.

Pozo-Osinalde et al. examined a small cohort of 11 patients with 18
SCAD lesions, of which 33% were proximal and 67% distal. Nine
lesions were diagnosed using OCT, a technique that is challenging in
small distal vessels.”® The relatively larger proportion of proximal
lesions in that study may explain the higher reported intraclass
correlation coefficient (0.8), reflecting a more favourable apparent
performance of CCTA than observed in our cohort.

In the study by Tweet etal., the primary objective was to describe
CCTA features of acute SCAD rather than directly compare CCTA
with ICA.*Lesion localisation was not fully specified (2 proximal, 5
distal, and 9 reported only by affected vessel). We evaluated identical
CCTA features in our prospective cohort. Visible luminal
abnormalities—including abrupt or tapered stenoses, visible
dissection flaps, and intramural haematoma—were consistently
identified in 24 of 25 lesions. However, the detection frequency of
individual features was lower than that reported by Tweet et al. For
example, tapered stenosis was identified in 32% versus 36%,
intramural haematoma in 16% versus 50%, abrupt stenosis in 44%

versus 64%, and visible dissection flaps in 12% versus 14%.%
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These differences may result from the higher frequency of distal
dissections in our cohort and the prospective, consecutive inclusion
design, whereas Tweet et al. retrospectively analysed patients who had
already undergone CCTA during index hospitalisation. Given the
small sample sizes in both studies, these comparisons should be
interpreted cautiously.

Secondary CCTA findings previously described by Tweet et al. were
also observed: epicardial fat stranding (36%) and coronary tortuosity
(25%). CCTA 1dentified fewer patients with tortuosity than ICA,
possibly reflecting the use of ICA-based definitions.!'” Although
associations between coronary tortuosity, hypertension, female sex,
and increased body mass index have been reported, no causal pathway
has been firmly established, and no further analyses were performed

due to the small sample size.'®’

Clinical implications and future directions

CCTA demonstrated moderate sensitivity (62.5%) for acute SCAD
diagnosis even when radiologists were informed of the diagnosis. We
extended analysis of our findings by evaluating intermodality
agreement at the segmental level and systematically assessing primary
and secondary CCTA features. Any diagnostic criterion was present
in 21 of 32 patients and in 24 of 25 CCTA-detected segments,
compared with a total of 46 segments identified by ICA.

Overall, implementation of CCTA diagnostic criteria provides only
moderate diagnostic value, and CCTA should not be used as a primary

diagnostic tool in the acute SCAD setting. A potential role for CCTA
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is follow-up imaging to confirm vessel healing in large, proximal
coronary arteries, provided that a baseline acute-phase CCTA has
clearly identified the lesion. ' In the absence of such baseline imaging,
apparent lesion resolution on follow-up CCTA cannot reliably be
interpreted as healing, particularly in distal dissections.

Emerging technologies such as photon-counting detector CT may
address several current limitations of CCTA, particularly spatial

resolution. 8518

Future studies evaluating photon-counting
technology as an alternative or adjunct to ICA in suspected SCAD are

warranted.
Study strengths and limitations

The primary strength of this study is its prospective, multicentre
design with consecutive inclusion of conservatively treated SCAD
patients and the use of a dedicated CCTA protocol. CCTA was
performed 2-5 days after ICA diagnosis, a timeframe during which
spontaneous healing is unlikely.®

Several limitations must be acknowledged. First, the sample size was
small (n =32), and chance findings cannot be excluded. Certain SCAD
subtypes were underrepresented, limiting generalisability. Second,
recruitment was based on ICA-confirmed SCAD, precluding
assessment of specificity. Reviewers were aware of the SCAD
diagnosis but blinded to lesion localisation and extent, representing a
best-case diagnostic scenario. Third, analyses were qualitative, and no

quantitative measurements were obtained from either modality.
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Conclusion

This nationwide Swedish study is the first prospective investigation of
acute SCAD to evaluate CCTA findings in detail at the segmental
level. While CCTA detects proximal SCAD lesions with reasonable
accuracy, it is markedly less reliable for distal lesions, which constitute
the majority of cases. CCTA therefore has poor diagnostic value in
acute SCAD and should not replace ICA. Under specific conditions,
CCTA may serve as a follow-up modality, but in the acute setting, ICA

remains mandatory for all indicated cases.
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Study IV

This study presents the first multicentre angiographic review in a
young female population specifically designed to assess the true
prevalence of SCAD. The study encompasses two Swedish regions
and three centres that together account for approximately 15% of all
ICAs performed nationwide. Among women younger than 50 years
presenting with MI, definite SCAD was identified in 21% of cases,
consistent with the prevalence reported by Saw etal. (2014), who
described a 24% prevalence in the only previously published ICA
screened cohort (n=66) from a single centre.*> When
angiographically possible SCAD cases were included, the estimated
prevalence increased to 25.7%.

The prevalence of SCAD varied significantly by age, ranging from
33% in the youngest subgroup (18-29 years) to 19% in the oldest
subgroup (40-49 years). This gradient suggests that SCAD is more
common among younger women presenting with MI and that its
relative contribution declines with increasing age, likely reflecting the
rising prevalence of early atherosclerotic ischaemic heart disease even
in premenopausal women. Notably, women younger than 50 years
comprised only just over 1% of the total MI population across the three
participating centres, underscoring the rarity of MI in this
demographic.

During the study period, documentation of SCAD in the SCAAR
registry was non-mandatory and characterised by a substantial
proportion of missing entries. When missing data were excluded,

registry performance appeared acceptable; however, inclusion of non-

124



reported cases through systematic medical record review revealed a
marked decline in sensitivity. This pattern indicates that the primary
limitation was not miscoding but rather under-recognition of SCAD at
the time of angiography. Missing data introduced systematic bias, as
operators were more likely to complete the SCAD variable when the
diagnosis was suspected or confirmed and less likely to do so when an
alternative diagnosis was presumed. The consistently high specificity
(>98%) further supports this interpretation, as false-positive SCAD
diagnoses were uncommon. Thus, once recognised, SCAD appears
unlikely to be misclassified as another cause of coronary obstruction.
The predominant issue therefore seems to be missed diagnoses rather
than incorrect reporting.

Review of medical records, which are not subject to missing data in
the same manner as registry fields, corroborated these findings.
Although SCAD was more frequently documented in discharge
summaries than in the registry, a considerable proportion of
angiographically confirmed cases still lacked a recorded diagnosis.
This observation suggests limited recognition during the index
procedure rather than deficiencies in registry data entry. These
findings are consistent with the well-recognised diagnostic challenges
of SCAD; whereby subtle or atypical angiographic patterns may be
misinterpreted as atherosclerotic disease or coronary spasm. '’
SCAD was diagnosed during the angiographic review when the
characteristic angiographic appearance was independently confirmed
by both reviewers or when intravascular imaging supported the

diagnosis.?” In cases in which the angiographic appearance could also
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be attributed to coronary spasm, SCAD was diagnosed only if
intracoronary nitroglycerine had been administered. In a subset of
patients, repeat angiography demonstrating normalisation of the
previously affected coronary segment further supported a
retrospective diagnosis of SCAD. Overall, the findings indicate that in
most cases, typical angiographic features of SCAD were present but
overlooked at the index procedure. In a minority of cases, access to
follow-up angiographies provided additional diagnostic clarity.
Temporal analyses demonstrated progressive improvement in
diagnostic accuracy over the study period, with registry data and
discharge diagnoses showing increasing concordance with
angiographic review findings. Agreement improved from modest
levels during the early years of the study to near-perfect concordance
in later years. This trend likely reflects increasing awareness of SCAD
and greater familiarity with its angiographic presentation among
interventional cardiologists.

Accurate diagnosis of SCAD is clinically essential, as SCAD-related
MI has a distinct pathophysiological mechanism compared with type 1
MI and typically necessitates a different management strategy.
Misclassification may lead to unnecessary or potentially harmful
interventions and may delay appropriate conservative or

individualised treatment.
Study strengths

To our knowledge, this is the first study to demonstrate a temporal
improvement in the diagnostic recognition of SCAD among young

women presenting with MI. Given the complete national coverage of
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coronary angiography procedures in the SCAAR registry, we are
confident that our study captured all women younger than 50 years
with MI who underwent ICA within the participating catchment areas,
representing a substantial proportion of the Swedish population.
Moreover, manual review of all angiograms enabled prevalence
estimates that likely approximate the true prevalence of SCAD more

closely than estimates derived solely from registry-based diagnoses.
Study limitations

First, the study was conducted in only 3 of Sweden’s 28 interventional
cardiology centres (7 university hospitals and 21 regional hospitals).
Consequently, the representativeness of the study population for all
young women with MI nationwide cannot be fully assured. Regional
variations in socio-economic factors, demographics, and referral
patterns may limit the generalisability of the findings, although the
results provide a valuable foundation for future nationwide
investigations.

Second, we were aware from our previous studies (Study I, II, and 111
in the current dissertation) that the mean age of patients with SCAD in
Sweden is approximately 53—55 years. To enhance diagnostic yield
and feasibility, an upper age limit of 49 years was applied. The
analysis therefore focused on a younger population less likely to have
atherosclerotic ischaemic heart disease and involved a more
manageable number of angiograms for review. Across the three
centres, 265 unique patients were identified over nine years, from

more than 50 000 angiographic procedures performed during the same
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period. These considerations limit the external validity of the findings
in older patients, and extrapolation to the broader Swedish SCAD
population should be undertaken with caution.

Third, intravascular imaging was performed in only approximately
one-third of patients. As a result, most SCAD diagnoses relied on
angiographic appearance alone, which, despite expert review, carries
an increased risk of misclassification, particularly in subtle or atypical

cases.
Conclusion

Among Swedish women younger than 50 years presenting with MI,
the prevalence of SCAD was 21%, in agreement with the findings
reported by Saw et al. twelve years ago.*® This angiographic review
reveals substantial underdiagnosis of SCAD early in the study period,
with marked improvement in diagnostic recognition over time.
Continued increases in awareness among interventional cardiologists,
along with emerging tools such as Al-assisted angiographic analysis,
may further clarify the true prevalence of SCAD in the general MI

population.
Impact on daily practice

SCAD remains a challenging angiographic diagnosis and may initially
be missed in more than 30% of younger patients. Among women
younger than 50 years presenting with acute MI, SCAD accounts for
approximately 20% of cases. Awareness of SCAD among

interventional cardiologists has increased substantially over the past
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decade, which is likely to translate into improved diagnostic accuracy

and patient management.

129



Conclusions

The current dissertation is a first approach on SCAD in Sweden, a
condition that was little understood or monitored in Sweden until
2015. Introduction of a SCAD-specific variable in the SCAAR registry
gave our research group a significant amount of data that crystallized
in several projects. We were able to establish a nationwide cohort of
SCAD patients where specific demographics, angiographic findings,
management patterns, outcomes and recurrency rates could be
established. These findings are presented in Study I in a first approach
during the initial period of implementation of a SCAD variable in
SCAAR. We ascertained that SCAD patients share common features
in Sweden as in the rest of the world with little regional variations. We
know that in Sweden the most often encountered SCAD patient is a
healthy, woman in her fifties. Caregivers should be cautious for
continued events during index hospitalization, but, given the advanced
cardiac care available in almost the entire country, SCAD prognosis is
excellent with low long-term mortality. Furthermore, highlighting this
patient cohort gave momentum to a countrywide incentive to address
the challenges of SCAD diagnosis, prognosis and management that
should become a significant aid to SCAD patients and for clinical
cardiologists to diagnose, manage and prevent recurrence of SCAD in
the future. Especially in younger women (<50 years), SCAD is a
significant mechanism of acute MI, affecting a fifth of all patients.
Caregivers should be aware of and seek to exclude or verify SCAD

through use of applicable methods such as intravascular imaging.
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Diagnosis of SCAD should continue to rely on ICA and interventional
cardiologist awareness of the condition. State of the art CCTA, even
in the best conditions, performs only moderately against ICA, due to
its inferior spatial resolution. Given the fact that state of the art CCTA
is still not readily available in many parts of the country, this modality
may be better suited in elective settings such as prior to cardiac
rehabilitation, follow-up or recurrent exertional or atypical chest pain.
However, our studies on CCTA in SCAD have contributed to a
growing body of knowledge of the conditions and its radiographic
appearance patterns.

Although ICA has shown to be superior to CCTA in diagnosing
SCAD, its interpretation can be demanding by the interventional
cardiologist performing it. A continued review of the, now 10 years
old, SCAD variable in three Swedish hospitals revealed only a
moderate overall accuracy, meaning that SCAD was missed often in
the past but in a lesser degree today. Given CCTA limitations,
continued raised awareness by clinical and interventional cardiologists
is paramount for correct diagnosis and treatment of SCAD. (Table 11

summarizes this dissertation’s contributions and findings)
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Table 11. Gaps in SCAD knowledge and what this dissertation contributed

Dissertation
Knowledge gap: coniributions: Results
1.SCAD Study I: .
epidemiology: Establishing a Study I results:
. . . SCAD prevalence: 0.43% of
Incidence, nationwide SCAAR- all AMI
prevalence, register based national SCAD incidence: 0.74 /
outcomes and SCAD cohort during a 100 000 inhabi‘;an.tS'
recurrence rates in | 2-year period: Review SCAD mortality: 2 20/' /
Sweden of incidence and MACE: 10% S C Alg y
prevalence of SCAD in R T,
Sweden 2015-2017. ccurrence: 1-2%/y.
2. SCAD Study IV:
epidemiology: Review of all
What is the angiographic data in 3 Study IV results:
prevalence of centra of all females SCAD prevalence in females
SCAD in younger = <50 years with acute <50 years: 21% of all MI.
(<50 years) ML
patients?
3. SCAD diagnosis: Studies I1&III: Study IV results:
What is the role of = Prospective recruitment Moderate agreement
CCTA in (acute) of acute SCAD cohort

SCAD? Can state-
of-the-art CCTA

between modalities. CCTA

of 32 patients. CCTA accuracy compared to ICA:

performed within 2-5

62.5%.
yield comparable @ days of index coronary | CCTA is NOT a comparable
diagnostic angiography modality with ICA in the
accuracy in acute diagnosis of acute SCAD.
SCAD as ICA? Hypothesis generating for
FU studies.
4. SCAD diagnosis: Study IV: Study 1V results:
How good were we Retrospective 9-year Moderate diagnostic
in diagnosing SCAAR and medical

SCAD during the
last decade? Have
we improved in
diagnosing SCAD?
Is the

agreement (k = 0.6) between
angiographic re-evaluation
and medical records with
positive B-coefficient (0.74)
over time. (x values
improved from 0.25 to 1.0
since 2015 to 2023)

record review and
comparison to re-
evaluated
angiographies.
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Future research - what is not known
and what is needed

e Continued SCAD surveillance through dedicated SCAD
variables within the SCAAR registry.

e Establishing a core laboratory for standardized imaging
assessment

e Can novel, photon-counting CCTA technology provide
diagnostic accuracy comparable to ICA for SCAD?

e Are the findings from Studies II and III reproducible with
next-generation CCTA?

e What is the prevalence of SCAD-associated vasculopathies in
Sweden?

e What is the prevalence of FMD among SCAD patients in
Sweden?

e What are the genetic and proteomic profiles of SCAD in
Sweden?

e Are there specific biomarkers associated with SCAD healing
and recurrence?

e What are the potential benefits of a SCAD-specific CR

programme and how should such a programme be developed?
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Personal Reflection

SCAD had always been a source of discussion and speculation since
the early stages of my career in interventional cardiology. Patients
with SCAD were always present in our everyday work, whether we
recognized their condition for what it was or not. Young, active,
carrying few of the risk factors that usually define a typical IHD
patient. Frightened by what had happened to them, they sought
answers that, at that time, we were unable to provide.

In these early years, we missed this diagnosis often: Heated
discussions would erupt over these odd angiographic pictures:

“This is not coronary artery disease, it is too distal”, or “These vessels
are too small, no intervention required” and “It could be lupus” (which
actually almost never is...'"").

All this changed when two bright young physicians came to Linkdping
for their training, and one of them would pursue his thesis on SCAD.
In 2019, his then supervisor asked me on what we should focus on.
My (maybe too optimistic, as I would find out) answer was: “Non-
invasive diagnosis of SCAD”. Me and my future co-authors embraced
the idea enthusiastically and incorporated it in the first iteration of the
SweSCAD project that was launched in 2018. I would be happy to
contribute with disseminating information about the study to fellow
interventionalists at home and around the country and assist in the
interpretation of the subtle and challenging imaging findings of

SCAD.
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Life however has other plans, and the two young physicians moved
elsewhere to pursue new opportunities and find the happiness they
deserve. Being already a part of this research, it fell naturally that I
would continue and expand this project. A saphenous vein graft
project was abandoned for the foreseeable future.

Now, at the end of this journey I can look back at what we have
accomplished: SCAD angiographic diagnosis in Linkdping may still
be a matter of debate but under more knowledgeable light:
Awareness of SCAD has evidently risen among colleagues, and the
ability to inform, treat and help patients understand their disease. We
have an organized out-patient clinic that enrols patients even from
neighbouring regions of Sweden. We have organized information
meetings with a growing patient community that eagerly wants
answers and contributes to research. We have elucidated many aspects
of SCAD in Sweden regarding epidemiology and diagnosis, risk
factors and underlying conditions that can be integrated to standard
cardiology specialty training giving a holistic approach to the needs of
a SCAD patient. However, our work is not done.

Many aspects of SCAD are still under debate: long term management,
prevention and rehabilitation still await answers. Although several of
these questions are posed in ongoing international studies, the need for
tailored research in Swedish aspects of SCAD is ever present.

To this end, several research projects and new iterations of the
SweSCAD project are planned: rehabilitation, diagnostics with latest
radiology technology, genomics, proteomics.... We now know what

SCAD is, and whom it affects most. What is yet to know is the why,
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and the how. How can SCAD be prevented? What is the genetic basis
of SCAD and how it interacts with ischemic heart disease? What
prognostic biomarkers can we use in our everyday clinical work? And
most practically and, above all, humanely: How do we help a SCAD
patient overcome an (oftentimes life changing) event?

I can sincerely hope that answers to these questions, through my
colleagues’ continued research projects will soon be available to us.
For my part, this first step in the journey of SCAD research comes at

an end, and I have much to reflect upon and many to thank:
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