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Abstract

Spontaneous coronary artery dissection (SCAD) is an underdiagnosed, non-atherosclerotic
cause of acute coronary syndrome (ACS), particularly affecting young to middle-aged
women without traditional risk factors. Accurately diagnosing SCAD is essential, however,
an effective imaging protocol remains uncertain. This systematic review aimed to evaluate
the diagnostic performance, strengths, and limitations of invasive coronary angiography
(ICA), optical coherence tomography (OCT), intravascular ultrasound (IVUS), and coronary
computed tomography angiography (CCTA) in assessing SCAD. Following PRISMA 2020
guidelines, a comprehensive literature search of PubMed, Google Scholar and Scopus
from inception to January 2025 identified eight studies, including retrospective cohorts,
prospective observational studies, and case series (=10 patients). The quality of included
studies was assessed using the Cochrane Risk of Bias tool (RoB 1.0), as implemented
in Review Manager (RevMan) version 5.4.1. Due to insufficient 2x2 diagnostic data for
sensitivity and specificity, a meta-analysis was not feasible. Therefore, a qualitative
synthesis was conducted. In this review, ICA was used as the initial diagnostic modality in
all studies; however, it was often insufficient for a definitive diagnosis, particularly in SCAD
Types 2, 3 and 4. OCT modality was used in seven studies, where it demonstrated superior
spatial resolution for detecting intimal tears and double lumen morphologies, and proved
effective in identifying intramural hematomas and changes in deeper layers of the vessel
wall. IVUS was used in four studies, where it exhibited changes in deep arterial wall
structures and intramural hematomas in the absence of intimal disruption. Additionally,
IVUS is often used to complement ICA. CCTA was employed in four studies, mainly utilised
in follow-up assessments due to its non-invasive nature, but was limited in acute settings.
The findings suggest a multimodal imaging approach consistently enhances diagnostic
accuracy across SCAD subtypes. Despite promising results, current evidence is limited
by small sample sizes, study heterogeneity, and lack of standardised reporting. Future
research should focus on prospective, multicenter studies with standardised imaging
protocols to establish a robust diagnostic algorithm for SCAD.
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Pesiome

CnoHTaHHaA guccekuma KopoHapHbix aptepun (COKA) aBnaetca HeaTepockiepoTuye-
CKOW NMPUYMHON OCTPOro KopoHapHoro cnHapoma (OKC), KoTopasa yacTo He AnarHoCTu-
pyeTcs, 0COBEHHO Y XEHLLUMH MOJIOAOrO 1 CpeHero Bo3pacTta 6e3 TpagMLUMOHHbIX GaKTo-
poB pucka. TouHasa gnarHoctuka CIAKA nmeeT BaXkHOe 3HaUYeHue, OA4HaKO A0 CMX MOp He
cylwecTByeT enHOro 3b¢$eKTMBHOrO NPOTOKONA NPUMEHEHUs METOAOB BU3yanu3auum.
Llenb 3Toro cuctematuueckoro o63opa — oLeHKa AnarHOCTUYECKUX BO3MOXHOCTeN, npe-
MUMYLLEeCTB 11 OrPaHUYeHU MHBA3UBHOW KOpoHaporpaduu, onTUYeckon KorepeHTHOM
Tomorpadum (OKT), BHYTpMCOCYAWUCTOro ynbTpa3ByKoBOro uccineposaHus (BCY3N) wn
KOMMblOTEPHOW ToMOrpadun KopoHapHbIX apTepuin npu oueHke CAKA. B cooTBeTCTBUN
¢ pekomeHgaumamu PRISMA 2020, paclimpeHHbiin nonck nutepatypbl B8 PubMed, Google
Scholar 1 Scopus ¢ MmomeHTa co3gaHusa ao saHBapsi 2025 roga BblsBUST BOCEMb UCCNe0-
BaHWI, BKIOYAs PeTPOCMeKTNBHbIE KOFOPTHbIE, MPOCMNEKTVBHbIE 06CepBaLMOHHbIE 1 Ce-
pum cnyyaes (=10 nauneHToB). KauecTBO BKJIHOUEHHbIX NCCIe[OBaHWI OLIeHNBaNoCh C UC-
Mosb30BaHNEM KOKPAHOBCKOIO MHCTPYMEHTA OLIEHKM PUCKa CUCTEMATMUYECKOW OWnGKM
(RoB 1.0), peanu3oBaHHoro B Review Manager (RevMan), Bepcua 5.4.1. 13-3a HegocTaTKa
LOVNArHOCTUYECKMX JaHHbIX 2X2 AnA onpepenieHnsa YyBCTBUTENbHOCTM U cneundruyHocTn
npoBeAeHne MeTaaHann3a He NpPeacTaBaANoCcb BO3MOXHbIM. B ¢BA3M ¢ 3TMm Obin npoBse-
[E€H KaueCTBEHHbIN CUHTe3. B 3ToM 0630pe MHBa3vBHaA KOpoHaporpadus 1cnonb3osa-
nacb B KauecTBe UCXOAHOro ANarHoOCTMYECKOro MeTofa BO BCeX UCC/IeJOBaHUAX, OfHAKO
BO MHOTMX C/lyyasx ee 6bl10 HeOCTaTOYHO A/1A MOCTAaHOBKU OKOHYATEeNIbHOIO AMAarHo3a,
ocobeHHo npu CAKA tunos 2, 3 n 4. Metog OKT ncnonb3oBancsa B CeMy UCCNIeJ0OBaHUSAX,
rfie OH NPOAEMOHCTPMPOBAJI BbICOKYHO NMPOCTPAaHCTBEHHYIO Pa3pelLLatoLLyo CroCOOHOCTb,
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nossonsaoLyo 3GdeKTMBHO BbIABNATL Pa3pbiBbl MHTUMbI U KcCnefoBaTb mopdonoruo
LBOIHOTO NMPOCBETa, 1 JoKa3an CBOK 3PPeKTUBHOCTb NPU BbIABIEHUN NHTPaMYyPasibHbIX
remMaTom 1 M3MeHeHui B 6onee rnyboKnx cnoax cocygucton cteHkn. BCY3W npumeHanu
B UeTblpex NCCefloBaHNAX, C €ro MOMOLLbIO ObiNn BbIABNEHbI U3MEHEHUA B CTPYKTypax
rny6oKux apTepranbHbIX CTEHOK U MHTPaMypasibHble reMaToMbl NP OTCYTCTBUM MOBPEXK-
AeHnA NHTUMbI. Kpome Toro, BCY3W yacTo ncnonb3ytoT B AOMONHEHWE K MHBA3NBHOWN KO-
poHaporpadun. B ueTbipex nccnefoBaHWAX BbIMOMHANN KOMMbIOTEPHYIO TOMOrpaduio
KOPOHapHbIX apTepuidi, B OCHOBHOM B Xofe nocnegyouiero HabniogeHus, uto obycnos-
NTEHO ee HeMHBA3VMBHbBIM XapaKTepPOM, HO ee NMPUMEHEHUE NMPU OCTPbIX COCTOSHUAX HO-
CUJI0 OrpaHnYeHHbI XxapakTep. [lonyyeHHble fJaHHble CBUAETENbCTBYIOT O TOM, YTO MyJlb-
TUMOAANbHbIA MOAXOA K BM3yanv3aummy HEM3MEHHO MOBbIWAET TOYHOCTb AUArHOCTUKMN
Bcex nogtnnos CAKA. HecmoTpsa Ha MHoroobeluatoLve pesynbtaThl, UMeLnecs aHHble
OrpaHunyeHbl HEGONbLUNMMKN pPa3Mepammn BbIOOPKU U HEOQHOPOAHOCTbIO MCCIefoBaHNIA.
Heobxoanmo npoBefeHne fanbHENWNX NPOCMEKTUBHBIX MHOFOLIEHTPOBbLIX UCCeoBa-
HUI C NCNONIb30BaHMEM CTAaHAAPTUINPOBAHHbIX NMPOTOKOSIOB NPYIMEHEHNA METOAO0B BU-
3yanu3aumm gna co3gaHna HagexHoro anropntma gnarHoctmkm COKA.

KnioueBble cnoBa: CoHTaHHasA ANCCEKLNA KOPOHAPHOI apTepun, OCTPbI KOPOHaPHbI
CUHAPOM, ONTUYeCcKas KorepeHTHas Tomorpadusa, BHYTPUCOCYAUCTOE YNbTPa3ByKoOBOE
nccnenoBaHme, MHBa3MBHaA KOPOHapHas aHrmorpadua, KomnbioTepHasa Tomorpapua Ko-
POHapPHbIX apTepui

B INTRODUCTION

Spontaneous coronary artery dissection (SCAD) is defined as a sudden, non-traumatic
and non-iatrogenic separation of the layers within the wall of an epicardial coronary artery.
This condition is characterised by the development of an intramural hematoma and the
formation of afalse lumen. Unlike acute coronary syndrome (ACS) caused by atherosclerotic
plagque rupture, trauma, or coronary intervention, SCAD is a non-atherosclerotic cause of
ACS. The accumulation of blood within the arterial wall can propagate in both directions,
either with the flow of blood (antegrade) or against it (retrograde), leading to compression
of the true lumen. This may obstruct the coronary blood flow in various degrees and
result in myocardial ischemia (MI). SCAD typically presents as an acute incident and is
notably prevalent among young to middle-aged women who do not exhibit conventional
cardiovascular risk factors [1-5]. Several predisposing factors have been identified,
including female sex, extra-coronary vascular abnormalities such as fibromuscular
dysplasia, coronary arterial tortuosity, connective disorders (Marfan syndrome, Ehlers-
Danlos syndrome), the peripartum state, inflammatory diseases, polycystic kidney disease
(PCKD), and episodes of extreme strenuous physical or emotional stress [6-8]. Although
the exact cause of SCAD remains incompletely understood, emerging research suggests
that genetics may play a significant role. Approximately 5% to 8% of patients carry
mutations in genes linked to inherited connective tissue disorders, such as FBN1, COL3A1,
and SMAD3. Variants in other genes, like PKD1 and LMX1B, associated with polycystic
kidney disease and Nail-Patella syndrome, respectively, have also been identified. More
recently, mutations in TSR1 and TLN1 have been reported in both familial and sporadic
cases. In addition, common variants in the PHACTR1/EDN1 region have been linked to
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SCAD, indicating a genetically diverse and complex aetiology [7]. Once considered rare,
SCAD is now increasingly recognised due to heightened clinical awareness and advances
in diagnostic imaging modalities. It is currently estimated to account for up to 35% of ACS
cases in women under the age of 50 [2, 9, 10].

The clinical presentation of SCAD often resembles that of ACS, typically manifesting
as classical anginal pain accompanied by characteristic electrocardiographic (ECG)
changes and often elevated troponin levels. However, the underlying pathophysiology
differs significantly, involving a spontaneous separation of the coronary arterial wall due
to an intramural hematoma or intimal tear, which leads to coronary artery obstruction
and myocardial infarction (MI) [3, 11]. Despite its clinical importance, SCAD is often
underdiagnosed because of its variable clinical presentation, ranging from mild chest
discomfort to sudden cardiac death [5]. Determining its true prevalence remains
uncertain due to diagnostic challenges and the requirement for a high index of suspicion,
particularly when traditional cardiac tests yield inconclusive results [12]. When SCAD is
suspected, especially in the setting of ST-segment elevation myocardial infarction (STEMI),
urgent coronary angiography is recommended. Angiographically, SCAD is classified into
four types: SCAD type |, I, lll and IV. Type | SCAD is identified by the presence of multiple
radiolucent lumens separated by a radiolucent flap visible on contrast dye imaging.
Type Il SCAD presents as diffuse luminal narrowing or stenosis of the coronary artery
accompanied by dissection. This type is further sub-classified into Type lla, where normal
coronary segments are visible both proximal and distal to the SCAD segment, and Type
IIb, where the dissection extends to the most distal segment of the coronary artery. Type
Il SCAD is a rare type and mimics atherosclerosis, typically appearing as focal or tubular
stenosis in the absence of any atherosclerotic changes in the coronary artery. Type IV
SCAD most commonly involves a distal segment of a coronary artery and usually appears
as a sudden total occlusion. It is important to differentiate this from thromboembolism
incidents. Understanding these SCAD types enhances diagnostic accuracy by guiding the
selection of the most suitable imaging modalities [13-17]. Invasive coronary angiography
(ICA) remains the primary imaging modality due to its widespread accessibility and
utility in early management. However, ICA has limitations in visualising subtle arterial
wall abnormalities and may misinterpret findings as vasospasm or plaque rupture,
thereby complicating diagnosis [18, 19]. Recent advancements in imaging, particularly
optical coherence tomography (OCT), intravascular ultrasound (IVUS), and coronary
computed tomography angiography (CCTA), have established these modalities as
important diagnostic adjuncts to ICA. These modalities offer improved visualisation of
coronary anatomy and are especially useful where ICA findings are inconclusive. Despite
the availability of advanced imaging technologies, choosing the appropriate imaging
method remains crucial for a better understanding of the condition. Enhancing awareness
of the varied clinical manifestations of anginal pain is essential, especially in the context of
SCAD. A comprehensive multimodal imaging approach that incorporates complementary
imaging modalities plays a crucial role in accurately evaluating patients with suspected
SCAD [20, 21]. However, the ideal imaging approach remains a topic of ongoing debate,
and head-to-head comparisons in large cohorts are currently limited.

This systematic review aims to provide the existing evidence regarding the diagnostic
strengths and limitations of various imaging modalities used in SCAD. By identifying
trends, research gaps, and methodological limitations, we aim to guide clinicians towards
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Fig. 1. Angiographic types of SCAD [13-17] (Image is created by Dr. Poorna Gayan Wattaladeniya (MD))

more evidence-based imaging strategies and highlight areas where future research is
critically needed.

The primary objective of this systematic review is to evaluate and compare the
diagnostic performance and clinical applicability of ICA, OCT, IVUS and CCTA in the
detection of SCAD. In addition, this review aims to evaluate the strengths and limitations
associated with each imaging modality and to identify gaps in the current literature. By
highlighting methodological challenges and variations in diagnostic practices, the review
seeks to advise future research efforts focused on standardising imaging protocols and
improving diagnostic accuracy in SCAD.

B METHODOLOGY

This systematic review was conducted following the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) 2020 guidelines to ensure methodological
transparency. A comprehensive literature search was performed in PubMed, Scopus,
and Google Scholar from inception to January 2025 using predefined Boolean logic:
("Spontaneous Coronary Artery Dissection" OR "SCAD") AND ("Imaging" OR "Diagnostic
Imaging") AND ("ICA" OR "IVUS" OR "OCT" OR "CCTA").

Inclusion Criteria

Studies evaluating the diagnostic use of ICA, IVUS, OCT, and CCTA in SCAD diagnosis.

Prospective and retrospective cohort studies, case-control studies, observational

studies, randomised controlled trials (RCTs), and case series with more than 10 patients.
®  Studies reporting patient-level data, imaging outcomes or comparative efficacy of

Imaging Modalities.
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Exclusion Criteria
Case reports, editorials, systematic reviews, and expert opinions.

Studies with fewer than ten confirmed SCAD cases.

Non-English language publications.
Studies lacking clear imaging (diagnosing) outcome data.

Study Selection and Data Extraction

Four independent reviewers screened all titles and abstracts for relevance. Potentially
eligible full-text studies were then reviewed against the inclusion criteria. Discrepancies
were resolved by a fifth reviewer as shown in the PRISMA FLOW CHART. Data extracted
included author and publication year, study design and sample size, imaging modalities
used, diagnostic outcomes and findings, and reported strengths, limitations, and follow-
up strategies.

Note on Meta-Analysis

Initially, meta-analysis was planned, but the lack of standardised 2x2 diagnostic data
for sensitivity and specificity precluded a quantitative synthesis. Therefore, findings are

presented as a structured qualitative synthesis in this review.

Identification of studies via databases and registers

Fig. 2. Identification of studies via databases and register

748
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Risk of Bias Assessment

To evaluate the quality of the included studies, we used the Cochrane Risk of Bias
tool (RoB 1.0), as implemented in Review Manager (RevMan) version 5.4.1. This tool
assesses seven key areas where bias can be introduced: how participants were assigned
to groups (random sequence generation and allocation concealment), whether blinding
was applied to participants and outcome assessors, how outcomes were reported and
analysed (including missing data), and any other potential sources of bias.

Each study was reviewed independently by four reviewers, and any disagreements
were discussed and resolved by consensus. For every domain, studies were rated as
having a low, high, or unclear risk of bias.

Overall, many of the included studies, particularly retrospective or case series, were
assessed as having a moderate to high risk of bias, primarily due to small sample sizes, lack
of randomisation, and limited blinding. These limitations were taken into account when
interpreting the strength and generalizability of the findings.

Data synthesis

Due to significant heterogeneity in reporting studies and the absence of full 2x2
diagnostic accuracy data, a meta-analysis was not feasible. Instead, we conducted a
comprehensive qualitative synthesis, summarising the diagnostic performance, imaging
characteristics, and modality-specific roles across the included studies.
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B RESULTS

This systematic review encompassed eight studies, each meeting stringent inclusion
criteria for imaging-based assessment of SCAD. The average sample size across these
studies was 63 patients, although individual sample sizes varied substantially, reflecting
heterogeneity in study design and recruitment scope.

Imaging Modalities in SCAD Diagnosis
Across all included studies, ICA was utilised, confirming its role as the initial diagnostic
tool in suspected SCAD cases. However, standalone ICA was rarely sufficient in complex
cases, necessitating additional imaging modalities.
®  OCT was implemented in seven studies, emphasising its growing prominence as the
preferred intravascular imaging tool for detecting intimal tears and false lumens.
® |VUS was used in four studies, typically where OCT was contraindicated or less
informative due to anatomical or technical limitations.
®m  CCTA was used in four studies, mostly in the context of follow-up imaging rather than
acute diagnosis.
Table 1 summarises the strengths, limitations, and key remarks for each modality.
All eight studies have used a multi-modality imaging approach for diagnosing SCAD.
Each study also emphasised a preferred imaging modality, as outlined in Table 2.

Supplementary Tables
Table 1
Summary of Imaging Modalities for Diagnosis of SCAD
Modality | No. of Studies | Strengths Limitations Comments
Real-time imaging; f’oor at detecting Common first-line
ICA 8 . o . intramural hematoma or . .
immediate intervention < ) diagnostic tool
subtle dissections
High-resolution visualises Needs contrast; may Most accurate in
oCcT 7 L2 : . )
intimal tears and false lumen | aggravate dissection stable patients
Detects deep wall structures | Lower resolution than OCT; | Often used to
IVUS 4 . X
and hematomas requires operator skill complement ICA
Non-invasive: useful in Susceptible to motion Promising for
CCTA 4 ! artefacts; lower sensitivity | monitoring and
follow-up S
in distal vessels stable cases
Table 2
Imaging Modalities Used and Preferred Method Per Study
STUDY ID | AUTHOR(S) ICA |IVUS |OCT |CCTA |PREFERRED METHOD
1 Anum Aslam, MD et al,, 2021 [22] Y Y Y Y ICA
2 Marysia S. Tweet, et al., 2019 [2] Y Y Y Y ICA
3 Saw Jetal., 2016 [23] Y Y Y N oCT
4 Eduardo Pozo-Osinalde et al., 2020 [24] | Y N Y Y CCTA
5 Mori, Ricardo et al,, 2021 [25] Y N Y N/A ICA
6 Xi Chen et al.,, 2023 [26] Y N/A Y N OoCT
7 Jackson R, et al,, 2019 [27] Y N Y N OCT
8 Christos Pagonis et al., 2024 [28] Y Y N/A |Y ICA

Notes: Y=Yes; N=No; N/A = Not Applicable.
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B DISCUSSION

This review emphasises the crucial role of imaging in the diagnosis of SCAD. ICA
remains the first-line modality for evaluating suspected SCAD due to its real-time imaging
capabilities and widespread availability. However, its diagnostic utility varies significantly
across SCAD subtypes. In Type 1 SCAD, ICA typically reveals the classic features of
dissection, including double or multiple radiolucent lumens and an identifiable intimal
flap, often accompanied by contrast dye staining the false lumen. These angiographic
features make Type 1 SCAD relatively straightforward to diagnose. In contrast, Type 2
SCAD presents as a long, diffuse, smooth narrowing of the coronary artery, often without
avisible flap or double lumen. This can be misinterpreted as (vasospasm or atherosclerotic
plaque) or artefact unless clinical suspicion is high. Type 3 SCAD is the most challenging
to diagnose angiographically, as it appears as a short, focal tubular stenosis that closely
resembles atherosclerotic plaque. Without adjunctive imaging such as OCT or IVUS,
Type 2 and 3 SCAD may be misclassified, potentially leading to inappropriate treatment
strategies [15, 18, 29]. Optical Coherence Tomography (OCT) emerged as the most
consistently employed adjunctive imaging modality across studies included in this review.
It provides unmatched spatial resolution, allowing for detailed visualisation of coronary
arterial microarchitecture. This capability is particularly valuable in confirming SCAD
when angiographic findings are ambiguous. OCT can identify intimal disruptions, small
flaps, and double lumens. These benefits have been confirmed in studies by Alfonoso
et al. and Maehara et al. [30, 31]. It also enables a detailed evaluation of the intima,
media, and adventitia, enhancing diagnostic precision when angiographic findings are
inconclusive. Specific OCT findings by SCAD subtypes include: Type 1 SCAD, OCT can
portray the intimal tears, double lumen, and dissection planes by visualising the true
and false lumen. In Type 2 SCAD, OCT is effective in identifying intramural hematomas
that compress the true lumen, often without an identifiable intimal flap. In Type 3 SCAD,
OCT helps to differentiate SCAD from atherosclerotic lesions through the identification of
intramural hematomas in the absence of calcified or lipid-rich plaques. However, OCT’s
reliance on contrast injection can be problematic, especially in unstable cases of SCAD,
as it may exacerbate existing dissections. Therefore, its use must be carefully considered
in such a context [32-35]. IVUS offers an effective alternative approach, especially useful
for visualising deeper arterial vessel wall structures and detecting intramural hematomas
when intimal disruption is absent [36, 37]. Although it has lower spatial resolution than
OCT, IVUS provides greater tissue penetration depth (4-8 mm vs OCT’s 1-3mm), allowing
assessment of the media and adventitial layers. Its clinical utility includes, ability to identify
fibrous lesions and lipid pools, and monitoring dissection progression during procedures.
In Type 1 SCAD, IVUS can visualise intimal flaps and blood flow through true and false
lumens. In Type 2, it helps in differentiating SCAD from conditions such as atherosclerotic
plaque and vasospasm by revealing intramural hematomas in the absence of significant
atherosclerotic plaque burden. In Type 3 SCAD, IVUS is valuable for visualising subtle wall
abnormalities or minor dissections that may not be detected on ICA, while also confirming
the absence of atherosclerotic features [32-35]. It is particularly beneficial for patients
at risk of contrast-induced complications or in anatomical regions that are difficult to
assess using OCT [38, 39]. Despite the high diagnostic yield of OCT and IVUS, widespread
application is challenged by high costs, limited availability in smaller centres, and the
need for significant operator expertise. This highlights the necessity for broader training
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A B

Fig. 5. Case example of SCAD in a 51-year-old woman: A - Twelve-lead ECG demonstrating evolving
ischemic changes, including T wave inversions in lead Ill and V1, and smoothed T waves in leads aVF, V2,
and V3, consistent with unstable angina. B - Coronary angiography revealing a spontaneous dissection
of the right coronary artery (RCA), localized to the 1st and 2nd segments. The lesion is classified as Type
1 SCAD, characterized by a long segmental narrowing with double lumen and spiral dissection, and
associated with thrombotic occlusion and reduced antegrade flow

Note: Images reproduced from: Snezhitskiy V.A., et al. Spontaneous Coronary Artery Dissection: A Case Report. Cardiology
in Belarus. 2025;17(4):612-622. https://doi.org/10.34883/P1.2025.17.4.011

and improved access, particularly in resource-limited settings. While CCTA is limited in
acute diagnosis due to motion artefacts and low resolution in distal vessels or identifying
subtle arterial wall abnormalities, it provides significant value for non-invasive follow-up
and monitoring of vessel healing [40, 41]. In Type 1 SCAD, CCTA possesses the potential
to detect intimal flaps and double lumens, but its effectiveness is often hindered by small
vessel size and cardiac motion. In Type 2 SCAD, CCTA helps in the identification of long
segments of arterial narrowing but is less capable of detecting intramural hematomas or
subtle arterial wall changes. In Type 3 SCAD, CCTA generally lacks the resolution needed
to differentiate SCAD from atherosclerotic lesions [22, 42, 43].

Beyond the performance of imaging modalities, this review highlights the critical role
of clinical suspicion in guiding an appropriate diagnostic workup. SCAD often presents
with features that mimic acute coronary syndrome, but predominantly affects young to
middle-aged women without traditional cardiovascular risk factors. A comprehensive
understanding of patient-level risk factors associated with SCAD is crucial for early
recognition and for tailoring individualised imaging strategies that facilitate timely
diagnosis [7]. Figure 6 summarises the primary risk factors associated with SCAD, including
genetic predispositions, connective tissue disorders, and hormonal influences in women.

Furthermore, the choice of imaging modality fundamentally depends on both the
clinical presentation and the availability of institutional resources. The diagnostic approach
should be tailored to the suspected SCAD subtype, patient stability, and any potential
contraindications to specific imaging modalities. In clinical practice, the selection of
imaging modality for diagnosing SCAD should be individualised. ICA remains the first-
line diagnostic tool due to its real-time imaging capabilities and widespread availability,
but it often fails to detect intramural hematomas or subtle dissections, particularly in
Type 2 and Type 3 SCAD. For such cases, adjunctive imaging is needed. OCT offers high
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Fig. 6. Primary risk factors associated with SCAD, highlighting genetic predispositions, connective tissue
disorders, and hormonal influences in women [1-8]

spatial resolution, making it the preferred modality for stable patients where intimal tears
or double lumens need to be confirmed. However, it requires contrast injection, which
may exacerbate dissections in unstable patients. In such cases, IVUS is a safer alternative.
Although it has lower spatial resolution, IVUS provides greater tissue penetration, allowing
visualisation of deeper arterial layers and intramural hematomas without the need for
contrast. This makes it particularly useful in high-risk or hemodynamically unstable cases.
CCTA, while not typically used in the acute setting due to motion artefacts and reduced
resolution for distal segments, plays an important role in follow-up assessments. Its non-
invasive nature makes it suitable for monitoring vessel healing and reducing the need
for repeat invasive procedures. Therefore, a tailored, multimodal imaging approach based
on patient stability, clinical urgency, and institutional capacity is essential to maximise
diagnostic yield and minimise procedural risk and mortality in SCAD evaluation. Figure
7 illustrates a diagnostic workflow developed from the evidence reviewed in this study,
outlining a practical, step-by-step approach that can help clinicians choose the most
appropriate imaging method based on clinical presentation, angiographic findings, and
resource availability.

This study provides a more integrated analysis of multimodal imaging strategies and
their application across SCAD subtypes. Notably, recent guideline statements continue to
emphasise ICA as first-line, but growing evidence supports the adjunctive use of OCT and
IVUS in inconclusive cases.

Trends, limitations, and future directions

A clear trend toward multimodal imaging approaches is evident across studies, with
ICA typically followed by OCT or IVUS to enhance diagnostic accuracy and better classify
SCAD subtypes. However, several challenges persist. Notably, there is considerable
heterogeneity in imaging protocols and diagnostic criteria, as well as a lack of standardised
2 x 2 diagnostic data for sensitivity and specificity, which precluded a pooled meta-
analysis. Furthermore, many of the included studies had relatively small sample sizes,
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Clinical Picture Coronary Computed Tomography
Angiography CCTA
Indications: in low to intermediate
Initial clinical presentation includes ACS like symptoms particularly risk patients, if contraindicated to
found in young women without any traditional CVS risk factors invasive catheterization.
Type 1: potential visualization of
Non-Invasive Imaging intimal flaps and double lumens.
Technique —> Type 2: identification of long-segment
of arterial narrowing.
Type 3: it generally lacks sufficient
resolution to differentiate SCAD from
atherosclerotic diseases.
Advantages: Visualization of distal
and branch vessels, lower risk, serial

I_n|t|;|letcet:;scardiography > Inclusive? follow-up and healing assessment.
— Cardiac Biomarkers; eg-
troponin

Additional considerations:

Patient stability: In unstable patients,

prioritize rapid diagnosis using ICA, and i

defer any adjuvant imaging if risks outweigh

the risks.

Resource availability: Choose imaging Invasive Coronary Optical Coherence Intravascular Ultrasound (IVUS)

modality depending on the availability and Angiography ICA Tomography (OCT) Indication: used as an alternative

expertise. Indication: used in Indication: When ICA shows approach, particularly in visualizing

Follow up: Repeat imaging would be patients with high unclear or nonspecific findings deeper arterial vessel wall structures and

necessary to monitor the healing and suspicion of SCAD Type 1: intimal tear, double identifying intramural hematomas in the

recurrence. presenting with ACS as lumen structure, presence of absence of intimal disruption.
the initial assessment. intramural hematomas. Type 1: detection of intimal flaps and
Type 1: only type Type 2: it helps in visualization blood flow through true and false lumen.
with definitively of intramural hematomas Type 2: helps in differentiation of
visible luminal flap on compressing of the true SCAD from diseases causing plaque
angiography. Double- lumen, often without and vasospasm; identifies intramural

DIAGNOSTIC lumen appearance. identifiable intimal flaps hematoma and narrowing of coronary
Type 2: long segment Type 3: it helps to artery in the absence of atherosclerotic

WORKFLOW FOR of smooth narrowing differentiation from plaque.

SCAD visible. atherosclerotic lesions through Type 3: it assists in visualization of
Type 3: focal, tubular identification of intramural minor dissections and subtle wall
stenosis that mimics hematomas in the absence of abnormalities that may not seen on
atherosclerosis. calcified or lipid-rich plaques. ICA while confirming the absence of
Note: ICA is the gold Advantage: OCT provides atherosclerotic feature.
standard but may not high-resolution images that Advantage: beneficial for patients
clearly visualize the accurately identify SCAD with contrast contraindications or in
arterial wall, especially in features and guide diagnosis anatomical areas poorly accessible
type 2 and 3 SCAD. and treatment. to OCT.

Fig. 7. Diagnostic workflow for SCAD based on clinical presentation, angiographic findings, and resource
availability. This step-by-step approach helps clinicians select the most appropriate imaging modality
tailored to SCAD subtype, patient stability, and diagnostic clarity [22, 32-34, 42, 43]

limiting the generalizability and strength of their conclusions. This variability in how
imaging findings are defined and interpreted may contribute to inconsistent clinical
outcomes and underdiagnosis.

To address these issues, future research should prioritise the development of
standardised imaging criteria and reporting frameworks specific to SCAD. Additionally,
larger-scale, prospective, multicentre studies are needed to provide a robust comparison
of imaging modalities and to support the creation of evidence-based diagnostic
algorithms. Emerging technologies, such as Al-driven diagnostic tools, may enhance the
identification of subtle SCAD features, standardise image interpretation, and potentially
reduce inter-observer variability. Integrating such technologies into diagnostic workflows
may streamline SCAD detection in the future. Establishing such frameworks is essential
for reducing diagnostic uncertainty, improving clinical management, and ultimately
enhancing outcomes for patients with SCAD.

Timely and accurate diagnosis of SCAD has direct implications for patient outcomes.
It is often misinterpreted as atherosclerosis ACS, which may lead to inappropriate
interventions, such as stenting, which may worsen the dissection. Improved imaging
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strategies can help in avoiding such pitfalls and support safer, conservative management
when appropriate.

Considering the atypical risk profile of SCAD patients, particularly young women
without conventional cardiovascular risk factors, a targeted risk assessment framework
may be beneficial. We suggest the development of screening protocols focused on
individuals with predisposing conditions such as fibromuscular dysplasia, connective
tissue disorders, or relevant hormonal or peripartum histories. Regular assessment in
these high-risk groups could facilitate earlier identification and preventive intervention.
Such screening could also inform the timing and choice of imaging, enabling more precise
and timely diagnosis. Prospective studies are needed to evaluate the effectiveness of such
screening in reducing SCAD incidence and improving clinical outcomes.

B CONCLUSIONS

This systematic review highlights the evolving landscape of diagnosticimaging in SCAD.
While ICA remains the first-line imaging modality due to its accessibility and therapeutic
utility, it often falls short in detecting non-classical SCAD types, particularly Types II, Il and
IV. Adjunctive intravascular imaging techniques such as OCT and IVUS have demonstrated
superior capabilities in visualising coronary arterial wall architecture. OCT provides high-
resolution assessment of intimal tears and double lumen morphology, whereas IVUS offers
valuable insights into deeper wall layers and intramural hematomas. Although limited in
acute diagnosis, CCTA has proven useful for non-invasive follow-up and monitoring of
vessel healing. Despite growing evidence supporting multimodal imaging strategies, our
review revealed significant variability in study design, imaging protocols, and reporting
standards. This heterogeneity, combined with limited sample sizes and moderate-to-
high risk of bias, restricts the ability to draw definitive conclusions regarding diagnostic
superiority. Future research should prioritise the development of standardised imaging
criteria, head-to-head modality comparisons of modalities with complete diagnostic data
for sensitivity and specificity, and prospective multicentre studies to better delineate the
diagnostic role of each modality. These efforts are essential to refine clinical algorithms,
optimise patient outcomes, and reduce diagnostic uncertainty in SCAD.
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