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Editorial on the Research Topic
Spontaneous coronary artery dissection: current state of diagnosis and treatment



Spontaneous coronary artery dissection (SCAD) is relatively rare but potentially life-threatening condition characterized by the spontaneous separation of the layers of the coronary artery wall and the formation of intramural hematoma which compromises coronary blood flow (1, 2). Djokovic et al. discussed several mechanisms and theories to understand development of SCAD, including primarily structural weaknesses in the arterial wall with abnormalities in the connective tissue or smooth muscle cells predisposing spontaneous tearing or separation (“inside-out” or “outside in” hypothesis) (1, 2). Ultimately, the pathophysiology of SCAD likely involves a complex interplay of structural, hormonal, inflammatory, and genetic factors, highlighting the need for comprehensive research (3). Stanojević et al. discussed the most common predisposing factor like fibromuscular dysplasia, followed by inherited connective tissue disorders and systemic inflammatory diseases. Pregnancy and the use of sex hormones are common in younger females with SCAD. It was found that around 43% of acute coronary syndromes (ACS) cases among pregnant or postpartum women were caused by SCAD. It is also important to note that the presence of traditional risk factors for atherosclerosis does not exclude SCAD as a diagnosis in young patients with ACS.

Invasive coronary angiography remains the most important diagnostic tool in suspected SCAD, and Kovacevic et al. discussed the angiographic presentation of SCAD. According to Yip-Saw classification (4), there are three typical angiographic patterns of SCAD, but several potential pitfalls and essential differential diagnoses should be considered. Type 1 SCAD is characterized by a pathognomonic angiographic appearance and a recognizable radiolucent flap, usually affecting the proximal segments of coronary arteries. Type 2 SCAD is the most common type, presents as a smooth diffuse stenosis either with lumen restoration in the distal segment (Type 2a) or stenosis extending till the end of the artery (Type 2b). In addition to atherosclerosis, the most common mimic of SCAD type 2 is coronary vasospasm (focal or diffuse), which can be distinguished with intracoronary nitroglycerine injections. Type 3 SCAD is characterized by focal stenosis and underlying hematoma resembling a ruptured atherosclerotic plaque and is frequently missed by coronary angiography alone. Therefore, to distinguish features that mimic SCAD, high-resolution intracoronary imaging techniques such as intravascular ultrasound (IVUS) or optical coherence tomography (OCT), may be beneficial. Recently, additional type 4 SCAD has been proposed to describe total vessel occlusion, usually of a distal coronary artery (5). It is particularly challenging to diagnose, and is often misinterpreted as an atherosclerotic occlusion, thus being treated systematically by percutaneous coronary intervention (PCI). As type 4 SCAD often coexists with other SCAD types or occurs as a consequence of their progression, an intramural hematoma near the occlusion could be identified with intravascular imaging techniques. Krljanac et al. described the role of multimodality imaging, especially echocardiography and cardiac magnetic imaging (CMR), in the evaluation and follow-up of SCAD patients presenting with ST-elevation myocardial infarction (STEMI) (6). Previous studies showed that the majority of these patients have a mild myocardial infarctions and preserved or slightly impaired left ventricle (LV) systolic function (7). Therefore, the improvement in LV systolic function during follow-up is greater than that seen in patients with type 1 STEMI. These differences may be related to a higher prevalence of TIMI 3 flow at coronary angiography and an overall smaller ischemic burden in STEMI patients caused by SCAD than in those caused by erosion/rupture of the atherosclerotic plaque and subsequent thrombosis. However, there is no assurance that this applies to more complex types of SCAD, such as total vessel occlusion and multisegmental or multivessel engagement.

Mehmedbegovic et al. pointed out the importance of intravascular imaging techniques (IVUS and OCT) in the differential diagnosis between SCAD and other coronary lesions such as atherosclerotic plaque with or without intracoronary thrombus or myocardial bridging. The main disadvantage of invasive coronary angiography is that it is basically just a “luminography” that provides little information regarding artery wall integrity. Quite the opposite, IVUS and OCT would provide detailed phenomena typical of SCAD-like lesions such as the existence of an intimal flap, the presence and extent of intramural hematoma and/or thrombus, and the absence of atherosclerotic changes in the arterial wall. Intravascular imaging should therefore only be used if angiographic findings are unclear in large arteries (especially in SCAD types 3 and 4) and/or if further PCI is required (8–11). Current treatment strategies for SCAD patients were explained in detail in a comprehensive review by Ilic et al. (Figure 1). While no randomized clinical trials have been conducted on medical treatment for SCAD, treatment strategies generally emphasize a conservative approach since spontaneous healing of SCAD usually occurs in the first 30 days after the event (12, 13). Percutaneous coronary intervention is recommended for patients with ongoing ischemia and/or hemodynamic instability due to its high complication rates and low angiographic success rates (12, 14). However, the multicentre international “DIssezioni Spontanee COronariche (DISCO)” registry, which included 314 SCAD-patients, found that dual antiplatelet therapy (DAPT) was associated with a 2.6-fold higher risk for major adverse cardiovascular events (MACE) compared to single antiplatelet therapy (SAPT) with mainly aspirin at 1-year follow-up (15). These findings implicate that DAPT could be harmful in conservatively managed SCAD patients, especially those with intramural haematoma due to intramural bleeding aggravation, haematoma and dissection propagation and subsequent arterial lumen compression (15). Therefore, there is consensus that DAPT should be prescribed in SCAD patients, consisting of aspirin and clopidogrel, and should be limited to the first 30 days following hospital admission, except for those with stent implantation who should be treated in accordance with the current guidelines for ACS (1, 14). It is recommended to continue taking aspirin monotherapy after 1 month, but the duration of this therapy remains unknown. The current recommendations also support the use of beta-blockers as a first-line therapy for at least 1 year after the event since their use was associated with a significantly lower risk of SCAD recurrence (16). Other medications such as angiotensin-converting enzyme (ACE) inhibitors, angiotensin-receptor blockers (ARB), mineralocorticoid antagonists, loop diuretics and statins are recommended for patients with concomitant risk factors for atherosclerosis and coronary artery disease and/or heart failure with reduced or mild ejection fraction (EF<50%), in accordance with the current guidelines.


[image: Figure 1]
FIGURE 1
Proposed algorithm for medical treatment of imaging confirmed SCAD. *“high-risk” features - concomitant atherosclerosis, large thrombus burden, critical stenosis that was left untreated, and significant flow impairment in the affected coronary artery. AF, atrial fibrillation; ACEi, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; BNP, brain natriuretic peptide; DAPT, dual antiplatelet therapy; DVT, deep vein thrombosis; IV, intravenous; LVEF, left ventricle ejection fraction; MCS, mechanical circulatory support; MRA, mineralocorticoid receptor antagonist; PCI, percutaneous coronary intervention; SAPT, single antiplatelet therapy.


A percutaneous angioplasty using a cutting balloon as a novel interventional strategy for the treatment of SCAD was described by Maricic et al. This technique entails positioning of a cutting balloon inside the true lumen to cause controlled micro-incisions within the affected vessel, causing intimal fenestration and hematoma draining (1, 17). Consequently, the true arterial lumen is decompressed, and coronary blood flow is restored. According to current data, by using a smaller cutting balloon than the reference vessel diameter, the risk of vessel injury can be minimized, and the procedure can be more effective. The most often procedure complication is distal propagation of the subintimal hematoma with dissection extension, while coronary perforation and acute vessel closure are very rare. If such a situation arises, stenting may be the only option to stabilize the dissected coronary artery and provide additional support. Further research is needed to determine the long-term clinical implications and compare the efficacy and safety of cutting balloon angioplasty with other treatment options for SCAD.

A systematic review by Petrovic et al., which included 13 observational studies, examined clinical outcomes in 1,801 patients with SCAD treated conservatively (65%) or invasively (PCI 33%; coronary artery bypass grafting 1.3%). Percutaneous coronary intervention was associated with a higher rate of periprocedural complications, mostly hematoma extension and/or iatrogenic dissection, which frequently required the implantation of at least three stents with residual areas of dissection. The overall reported in-hospital and follow-up mortality rates were 1.2% and 1.3%, respectively. According to these results, conservative treatment is the preferred treatment option for patients with SCAD. A review by Apostolovic et al. focused on female patients in generative period (16–55 of age) with ACS caused by SCAD and compared clinical characteristics and outcomes between non-pregnant women with SCAD and pregnant women with SCAD. Compared to non-pregnant women, pregnant women have a greater chance of having SCAD in the left main and/or the left anterior descending artery (LAD); are more likely to have STEMI; and are more likely to undergo PCI. However, there were no differences regarding mortality rates or recurrent coronary dissection between these two study groups. Future research efforts with developing specialized SCAD registries will contribute to a better understanding of this condition and its outcomes.
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Spontaneous coronary artery dissection (SCAD) is a rare but increasingly recognized cause of acute coronary syndrome (ACS) with recent advancements in cardiac imaging facilitating its identification. However, SCAD is still often misdiagnosed due to the absence of angiographic hallmarks in a significant number of cases, highlighting the importance of meticulous interpretation of angiographic findings and, when necessary, additional usage of intravascular imaging to verify changes in arterial wall integrity and identify specific pathoanatomical features associated with SCAD. Accurate diagnosis of SCAD is crucial, as the optimal management strategies for patients with SCAD differ from those with atherosclerotic coronary disease. Current treatment strategies favor a conservative approach, wherein intervention is reserved for cases with persistent ischemia, patients with high-risk coronary anatomy, or patients with hemodynamic instability. In this paper, we provide a preview of invasive imaging modalities and classical angiographic and intravascular imaging hallmarks that may facilitate proper SCAD diagnosis.
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Introduction

Spontaneous coronary arterial dissection (SCAD) is widely recognized as one of the causes of acute coronary syndrome (ACS) (1, 2). SCAD starts with the initial formation of a hematoma in the tunica media within the coronary vessel wall (inside-out mechanism) (3). Intramural hematoma may progress distally and circumferentially along the vessel wall compressing the true lumen, resulting in flow disturbances or even complete artery blockage (Figures 2A,C). Hematoma as the initial damage to the vessel wall integrity can subsequently lead to an intimal tear, which gives SCAD its classic angiographic recognition—such as lumen compression, dissection stripes, or a combination of both, and even complete occlusion in some cases (Figures 2B,D). Irrespective of the underlying substrate, the resulting compression of the true lumen clinically produces classical symptoms of ACS. However, the diagnosis of SCAD among patients with ACS might be challenging when relying exclusively on clinical presentation (4). Differential diagnosis of SCAD from common atherothrombotic ACS events is difficult due to the overlapping findings obtained from non-invasive diagnostic modalities such as cardio-specific biomarkers and electrocardiographic or echocardiographic examinations (5). Contemporary non-invasive diagnostic modality for coronary artery visualization, such as multislice computed tomography coronary angiography (MSCT-CA), has several disadvantages, including the fact that it is not commonly employed for streamlining of ACS cases and has a lower spatial resolution, which poses challenges in accurately identifying the pathognomonic features that are crucial for SCAD diagnosis (6). Hence, the diagnosis of SCAD is still mainly based on accurately identifying and interpreting SCAD hallmarks found on invasive coronarography combined and backed-up with pretest probability of a given case (4). Despite the growing appreciation of SCAD angiographic features, the absence of specific hallmarks or angiographic similarities to other possible pathoanatomic substrates (embolus, contrast streaming, myocardial bridging, etc.) leaves significant number of SCAD cases undiagnosed, or in a later scenario, misdiagnosed (7). Therefore, in angiographically ambiguous cases, invasive intravascular modalities can provide valuable information facilitating accurate diagnosis, thereby informing further conservative treatment options or, if needed, guiding to revascularization approach (8). Further to this, SCAD patients, contrary to classic atherothrombotic events caused myocardial infarctions, are managed essentially differently, both in the Cath lab and in the coronary care intensive units (9). PCI in SCAD patients has high complication rates and low angiographic success rates, while the conservative management in majority of cases results in favorable patient outcomes with spontaneous resolution of vessel integrity (1). Thereby, for the same ACS clinical settings, physicians may choose a more conservative approach rather than an intervention-focused treatment approach for SCAD patients during regular primary PCI. In concordance with this, current consensus is that the conservative strategy is a default approach for SCAD cases, whenever it can yield positive outcomes (10). Therefore, optimal SCAD treatment relies on accurate diagnosis, commencing with high level of suspicion combined with unequivocal recognition of traditional SCAD hallmarks by invasive imaging. In this review, we will examine the diagnostic clinical work-up for SCAD, acknowledging the practical aspects of commonly used imaging modalities.
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FIGURE 2
SCAD types 2 and 4. (A) Illustration of moderate intramural hematoma without intimal tear; (B) propagation of hematoma with tear causing complete vessel occlusion; (C) angiographic appearance of SCAD type 2; (D) angiographic appearance of SCAD type 4; (E) result after three long overlapping stent implantations; (F) control MSCT poststenting showing overlapping stents and no evidence of residual dissections; and (G,H) echocardiographic evidence of complete restoration of wall contractility after successful stent implantation. SCAD, spontaneous coronary artery dissection.




Pretest probability

The likelihood of SCAD occurring prior to a patient undergoing cardiac catheterization depends on several factors that warrant special attention in a particular case: gender, age, genetic background, clinical presentation, presence of triggering factors, hormonal changes, etc. (11). In most cases of SCAD, patients typically manifest as ACS (1). Most often, biomarkers of myocardial injury are elevated, except perhaps when the presentation is very early, as in ACS (12). Hence, diagnostic doubt should be raised in non-acute cases, but still confirmed among ACS patients. According to registries, SCAD shows gender prevalence for women (13). SCAD in males only occurs approximately 10% of the cases. SCAD accounts for more than one-third of the cases in women under 50 years of age, and up to two-thirds of all pregnancy-associated ACS. Therefore, the index of suspicion of potential SCAD should always be raised in cases involving younger female patients.

According to registries, 90% of SCAD cases have been reported to occur in patients aged 47–53 years (mean 52 years) (14). SCAD is rare in very young (less than 20 years) and very old (above 80 years) adults. Therefore, individuals presenting with symptoms outside this age range should be evaluated more carefully prior to confirming the diagnosis of SCAD; however, diagnostic alertness should not be neglected for older population.

Compared with age and gender, the presence or absence of atherosclerotic risk factors is less useful in predicting the likelihood of SCAD. Although diabetes, hyperlipidemia, and classical risk factors are rarely prediagnosed, the preexisting atherosclerotic disease burden does not exclude the SCAD diagnosis (1, 12). Specifically, hypertension can be present in approximately one-third of the patients with SCAD.

SCAD is associated with a small number of known genetic disorders. Over the past years, significant progress has been made in our understanding of the genetic causes of SCAD. Rare genetic variations, typically in genes linked to hereditary arteriopathies or connective tissue diseases [adult polycystic kidney disease, migraine, fibromuscular dysplasia (FMD), and cervical arterial dissection], are found to be associated with SCAD in up to 50% of the cases (15–17). Recent genetic research suggests that both common and uncommon genetic variables may contribute to the susceptibility to SCAD. Until further evidence, a possible diagnosis of SCAD should be considered in an ACS patient with a family history or clinical features linked to genetic disorders.

The symptoms of SCAD per se do not serve as reliable diagnostic differentiators, as they exhibit similarities to symptoms observed in other types of ACS (13). Certain cases have documented potentially provoking stimuli such as emotional or physical stressors. For example, in a particular scenario, if symptoms appear during or after intense isometric training, the likelihood of SCAD diagnosis increases (18). On the other hand, exposure triggers can occur along with other causes of ACS, such as Takotsubo syndrome or during vigorous activity with atherosclerotic plaque rupture. Therefore, patient behavioral factors cannot either confirm or disprove a diagnosis of SCAD but can help the physician fine-tune the level of suspicion of this entity prior to and following the findings of invasive diagnostic tests.

SCAD during pregnancy can pose a significant risk, exposing approximately 1.8% of every 100,000 pregnant women at risk in the United States (19). Available evidence suggests that pregnancy-related physiological changes present risk factors for SCAD such as high progesterone levels and the rapid changes in hormones at birth and during the postpartum period (19, 20). Hormonal background with other stressors and arteriopathies can contribute to the emergence of SCAD, alongside psychological and physical precipitating stressors that have been identified as provoking risk factors. Similar to SCAD, fibromuscular dysplasia affects younger women and is also presently underdiagnosed (16). Because FMD affects the artery walls causing them to lose flexibility and become weak, its greater occurrence in women relative to men implicates estrogen effect, along with the evidence of other hormonal exposures such as fertility treatments, chemical contraception, hormone replacement therapy, and pregnancy, in its emergence (20). Currently, it is not fully understood if these conditions are underlying causes or occur simultaneously with SCAD.



Angiographic SCAD diagnosis

Currently, coronary angiography (CA) is the primary diagnostic modality for SCAD due to its universal availability (2). If a coronary dissection is suspected, CA should be performed as soon as possible, also in accordance with ACS treatment standards. A reliable diagnosis is crucial because the treatment for these patients differs significantly from that for ACS caused by atherosclerosis. One disadvantage is that it is essentially just a “lumenography” and provides little information regarding the integrity of the artery wall. The extreme coronary (screw-like) tortuosity, preference for the mid-to-distal segments of the vessels, absence of coexisting atherosclerosis, uniform reduction of vessel lumen, strip-like radiolucent filling defects or staining of contrast medium within the arterial wall are pathognomonic angiographic features that may indicate SCAD (21, 22). However, it should be particularly emphasized that because of the SCAD and underlying artery fragility, invasive procedure such as coronarography increases the risk of iatrogenic dissection (approximately 2%–3% risk of iatrogenic dissection is reported vs. 0.2% risk in atherosclerotic patients) (1, 23). Procedure-related dissection in SCAD patients is reported to occur in 14% of patients undergoing PCI. The commonly used classification system is proposed by Saw et al. (21), which includes three distinctive angiographic types (Table 1). The practicality of the proposed classification lies in the ability to suggest further imaging modality to confirm or disprove diagnosis and to indicate treatment, based on SCAD angiographic subtype.


TABLE 1 Angiographic features of SCAD types with intravascular imaging recommendations.

[image: Table 1]

The underlying disruption of the artery wall mainly or solely consists of intimal tear, spreading longitudinally and/or circumferentially representing anatomical substrate of SCAD type 1. Because intimal tear allows the contrast dye to enter through two flow channels, type 1 SCAD has the pathognomonic angiographic appearance of an arterial dissection, including multiple radiolucent lumens divided by radiolucent flap (Figure 1B).


[image: Figure 1]
FIGURE 1
SCAD type 1. (A) Illustration of intimal tear; (B) angiographic classical radiolucent dissection line along left anterior descending artery; (C,D) OCT imaging confirming the presence of double-lumen and intimal flap (true lumen blue arrows, false lumen red arrows) without evidence of atherosclerosis or thrombosis; (E) result after long stent implantation; (F) OCT cross section showing good stent apposition with compression of false lumen (green arrow); and (G) longitudinal OCT image after optimal stent implantation, without evidence of residual dissection. OCT, optical coherence tomography.


In addition to the visible flap and the compartmentalization of the lumen, using of contrast material may result in slow clearance, hung-up, and persistent staining, with or without accompanying flow disturbance. If needed, disrupted intima can be easily visualized with optical coherence tomography (OCT), but the risk of dissection propagation during wire and catheter manipulation, as well as vigorous dye injection, must be thoroughly assessed to evaluate the expected advantages of achieving an unequivocal diagnosis.

SCAD type 2 is the most prevalent type, occurring in approximately 70% of cases. The characteristic angiographic appearance often exhibits a smooth, uniform, tubular structure with a sudden reduction in the lumen diameter (Figures 2A,C). The underlying substrate is compression of the true lumen by an intramural hematoma that develops suddenly and propagates distally along the vessel wall, exerting an extrinsic pressurized effect on the true lumen while leaving the intimal border intact. Type IIa lesions affect the short, localized segment of the vessel, while type IIb lesions show complete distal vessel involvement. Differential diagnosis compromises classic atherosclerotic plaques; therefore, the probable diagnosis of SCAD type 2 should be considered in cases when there are no other atherosclerotic lesions, or when such instances occur within tortuous segments. In addition, intravascular imaging should be reserved for ambiguous cases, particularly considering that conservative treatment is recommended in majority of cases.

If hematoma localizes in short segments (less than 20 mm), it can mimic short atherosclerotic lesions. This presents the substrate of typical type 3 SCAD. Due to extreme angiographic similarity to atherosclerotic lesion, intracoronary imaging is frequently required to make the precise diagnosis (Figure 3C).


[image: Figure 3]
FIGURE 3
SCAD type 3. (A) Illustration of discrete short hematoma presence mimicking classic lesion; (B) angiographic appearance of SCAD type 3; (C) IVUS imaging showing large intramural hematoma with preserved “uncompressed” lumen; and (D) control angiography after hematoma resolution following conservative approach. IVUS, intravascular ultrasound; SCAD, spontaneous coronary artery dissection.


SCAD type 4, newly proposed by Al-Husseini et al., compromises complete occlusion of the vessel (24). Since this is a common finding in regular ACS patients, this type presents significant challenges to be diagnosed without uncertainty. Since vessel occlusion needs to be resolved, as in classical ACS, precise diagnosis should be subsided to optimizing flow and patient patency. Alternative diagnosis can also be suspected such as thromboembolic occlusion (Figures 2B,D).

Importantly, although SCAD hallmark is a “sole” lesion, vessel fragility is an unlocalized feature, and simultaneous multivessel dissections can occur in approximately 10% of cases (25, 26).



Intravascular SCAD imaging modalities

Both contemporary invasive imaging modalities, OCT and IVUS, are capable of providing detailed phenomena that are characteristic of SCAD type lesions, such as existence of intimal flap, presence and length of extension of intramural hematoma, possible presence of intramural thrombus, absence of classical atherosclerosis (2, 26, 27). Thus, in addition to possessing unquestionable diagnostic value, they can also assist us in implementing the best PCI strategy (choosing the stent length, cutting balloon diameter, geographic landing location to cover the entry and/or exit site of the dissection, etc.) (28). Before deciding to use these intravascular devices, it is necessary to take into account the potential risks: extension of the dissection by the subintimal placement of the guide catheter, wire, or device itself, hydraulic extension of the false lumen with the application of contrast in the case of OCT, further unwanted compromise of flow due to a small residual circulating lumen when devices are in place, iatrogenic dissection with a catheter during manipulation (common when SCAD is associated with connective tissue weakness), etc. (Figure 4) (23). Therefore, imaging methods should only be used if the artery's lumen is sufficiently large, if angiographic findings are ambiguous, and/or if a further PCI approach has been determined. High operator attentiveness and clearly defined angiographic varieties of SCAD lesions help to avoid the unnecessary utilization of these modalities while preserving the degree of readiness for their rational use.
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FIGURE 4
Iatrogenic dissection in an SCAD patient during invasive imaging. (A) First angiographic scene after catheter caused dissection of left-main artery showing distal wide-spreading of dissection; (B) IVUS probe in false lumen (blue arrows), showing compressed true lumen (green arrows); (C) IVUS probe in true lumen (green arrows); (D) result after overlapping stent implantations form left-main to distal left anterior descending; (E) control in-hospital OCT imaging showing compression of true lumen in distal artery (initial SCAD provoking substrate, compressed dissected lumen, orange arrows); (F) stent malapposition with persisting large dissection lumen (red arrows); (G) dissection lumen in left-main artery, caused by catheter engagement (yellow arrow). IVUS, intravascular ultrasound; OCT, optical coherence tomography.


Intravascular ultrasound provides grayscale images of coronary arteries and walls by a catheter tipped with ultrasound probe (29, 30). One of the advantages of IVUS imaging is its wide availability. In addition, IVUS imaging does not require the application of contrast dye and allows sufficient circumferential field depth for visualization of even large vessels. As such, IVUS can provide valuable information regarding the proportions of the false lumen and the extent of hematoma and can show the false-true lumen separation. However, its limited spatial resolution (100–150 µM) and insufficient grayscale discrimination between homogenous areas (such as hematoma and lipid-rich atherosclerotic plaques) can result in undesirable diagnostic uncertainty, particularly when used by less experienced operators.

Optical coherence tomography is an intravascular imaging modality that uses infrared light technology to produce images with 10 times higher resolution than IVUS (29, 30). Instead of using ultrasound, the method employed near infrared light technology, which is absorbed and reflected by tissues and structures upon interaction, depending on their composition. Tissue characterization is accomplished by digital interpretation of the intensified or attenuated recaptured optical signals, even allowing precise intimal border visualization. Therefore, it is the most sensitive modality to depict false-true lumen and intramural hematomas, essential for confirming SCAD diagnosis. However, since it requires vigorous contrast dye injections, it possesses great risk for dissection enlargement. In addition, its use in real-time guide wire manipulations (when true lumen wire negotiation is attempted) is limited compared with IVUS (Figures 4A,B) since it has a short mode of image recording of just approximately 2 s in the automatic pullback mode.



Non-invasive SCAD imaging modalities

Other imaging modalities, such as MSCT-CA, echocardiography, myocardial perfusion imaging (MPI), or cardiac magnetic resonance (CMR), can provide additional diagnostic information for streamlining the possible SCAD cases that can lead to coronarography and exact diagnosis (28, 31). For instance, the presence of myocardial ischemia or infarction as detected by regional wall motion abnormalities using focused echocardiography, the decreased myocardial perfusion on MPI, or the detection of myocardial infarction by late gadolinium enhancement detected by CMR can provide complementary evidence and support the diagnosis (32). According to literature, CMR can be considered in cases when SCAD is suspected to confirm the occurrence of myocardial infarction, to assess the extent of myocardial involvement, and more importantly to elucidate concurrent etiologies and sequelae (33).

The MSCT-CA is commonly employed as the initial assessment tool for low-risk patients or clinically uncertain cases, since it is widely adopted by medical facilities for non-invasive imaging in the first-line assessment of ACS patients. The advancements in spatial and temporal resolution have greatly enhanced the ability to assess the main epicardial vessels. However, the current MSCT-CA still lacks the capability to accurately assess small distal coronary arteries due to its limited resolution. There are several distinct features that can be seen on MSCT-CA that can help or even confirm the diagnosis of SCAD, including the absence of atherosclerotic plaque, tapered luminal stenosis, abrupt luminal stenosis, luminal occlusion, intramural hematoma with hemorrhage within the wall of the coronary artery, dissection flap, and perivascular epicardial fat stranding. In addition, the likelihood of SCAD can be increased in cases when there is cardiac hypoperfusion occurring in a similar vascular area. However, such findings are not specific to SCAD and are frequently observed in other acute coronary syndromes (34).



Holistic SCAD diagnostic pathway

SCAD diagnosis requires a holistic integrative approach, starting with a high level of suspicion from first-line medical professionals, due to the relatively rarity of the condition and the potential for its symptoms to mimic those of other acute conditions. Since SCAD can be life-threatening, early and accurate diagnosis is crucial for providing appropriate and timely treatment. The comprehensive diagnostic approach for SCAD begins with an assessment of preimaging probability, considering the patient's medical history, risk factors, and presenting symptoms that can streamline further diagnostic tests. By incorporating findings from various stepwise multimodality imaging techniques that can confirm possible disruption of the coronary wall integrity, treating practitioners can increase the certainty of diagnosing this relatively rare phenomenon, and, most importantly, this enables them to make informed decisions regarding further treatment strategies (Figure 5) (2, 13).


[image: Figure 5]
FIGURE 5
Holistic SCAD diagnostic pathway. ACS, acute coronary syndrome; CT, computed tomography; FMD, fibromuscular dysplasia; IVUS, intravascular ultrasound; OCT, optical coherence tomography.




Conclusion

SCAD presents rare but unique pathoanatomical lesion substrate among patients presenting with ACS. Proper diagnosis of SCAD begins with a high level of suspicion and awareness regarding the condition, which is subsequently supported by the utilization of non-invasive and invasive imaging modalities in order to initiate an appropriate treatment strategy. Accurate interpretation of various imaging modalities is crucial, not only for SCAD recognition, but also for deciding on subsequent treatment strategies.
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Spontaneous coronary artery dissection (SCAD) accounts for 1.7%–4% of all acute coronary syndrome presentations, particularly among young women with an emerging awareness of its importance. The demarcation of acute SCAD from coronary atherothrombosis and the proper therapeutic approach still represents a major clinical challenge. Certain arteriopathies and triggers are related to SCAD, with high variability in their prevalence, and often, the cause remains unknown. The objective of this review is to provide contemporary knowledge of the pathophysiology of SCAD and possible therapeutic solutions.
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1. Introduction

Spontaneous coronary artery dissection (SCAD) is an often-underrecognized clinical condition primarily associated with acute coronary syndrome (ACS) in young or middle-aged women, which can have fatal consequences. The utilization of intracoronary imaging techniques and the introduction of an angiographic classification by Saw J et al. in 2014 (1), as well as SCAD position papers published by the European Society of Cardiology and American Heart Association in 2018 (2, 3), have contributed to the increased recognition and prevalence of SCAD. In the USA, the estimated prevalence of SCAD in ACS ranges from 1.7% to 4% (4), while it varies from 3.1% to 9.7% in patients with premature myocardial infarction (less than 45 years) (5–7), and up to 43% in females experiencing ACS during the peripartum period (8). A meta-analysis of 2,172 SCAD patients conducted by Franke KB et al. reported that 84% of the cases involved females, with a mean age of 51 years, and significant heterogeneity across studies regarding baseline characteristics and outcomes analyzed (9). While the majority of patients typically present with characteristic chest pain (96%) and show elevated cardiac biomarkers (10), a small subset (0.4%–4%) may exhibit normal cardiac troponin levels (11). Additionally, SCAD has been identified as a potential cause of sudden cardiac death (SCD) in 3%–11% of cases, which raises the possibility of an underestimation of SCAD prevalence. This observation highlights the challenge in accurately assessing SCAD's true frequency, particularly given the limited data available from postmortem cases (4). Timely diagnosis of SCAD is crucial due to its distinct pathophysiology and management compared to atherosclerotic disease.



2. Anatomy and physiology of coronary arteries

Coronary arteries arise from the aortic root, which is the initial segment of the ascending aorta. The right coronary artery (RCA) originates from the right sinus of Valsalva and enters the atrioventricular groove, descending anteriorly and inferiorly along the right border of the heart, giving rise to several branches before passing posteriorly and inferiorly (12). The left coronary artery, the main stem, originates from the left sinus of Valsalva, travels anteriorly and to the left between the left atrial appendage and the pulmonary trunk, dividing shortly into the circumflex (Cx) and anterior interventricular (or descending) (LAD) arteries (13, 14). Although coronary vessels were traditionally considered branches of the aorta, recent studies on mouse models have shown that coronary arteries derive from cells originating from the sinus venosus, the venous inflow tract of the primitive heart. These cells migrate to the muscle layer and form a vascular plexus that subsequently remodels into arteries (15). The vascular supply of arteries larger than 0.5 mm is provided by vasa vasorum, which traverse the adventitia but not the muscular layer of the vessel wall due to luminal compressive forces. Vasa vasorum can be classified into vasa vasorum interna, originating from the luminal surface or media and penetrating the vessel wall toward the adventitia, and vasa vasorum externa, primarily located in the adventitia and originating from various anatomical points (16).

The adventitia represents a vital component of the vessel wall, regulating the inflammatory response and contributing to vessel repair. However, its impaired ability to respond adequately to injury is implicated in both spontaneous dissection and atherosclerotic processes (17). In a study analyzing the mechanical properties of coronary arteries in vitro, Claes E et al. investigated five human donors. They found that the responsiveness of coronary arteries to wall stress follows a typical J-curve pattern, with the initial portion dependent on elastin and the stiffer segment reliant on collagen. This relationship may shift upward over time due to aging or distinct pathologies. While coronary arteries are considered elastic, their circumferential strength is significantly lower than that of the aorta and declines progressively with age, with a more pronounced decrease occurring around the ages of 30–40 years (18).

The pressure within the internal vasa vasorum is lower than that in the coronary artery, supported by the firmness and elasticity of the endothelium. However, when the endothelium becomes infiltrated with inflammatory cells and cytokines, it becomes compromised, leading to vessel wall disruption and the transmission of pressure from the coronary artery lumen to the subintimal layer (16).



3. Definition and classification of SCAD

The first autopsy report on SCAD was published in 1931 (19). Since then, there has been increasing recognition of SCAD, leading to numerous publications in the past decade and highlighting the need for a precise definition of this condition. SCAD is currently defined as the spontaneous tearing of the coronary artery wall, resulting in the formation of an intimal hematoma that obstructs blood flow. It is important to note that the term SCAD specifically excludes iatrogenic dissections (those induced by medical procedures) and those associated with trauma. Additionally, the contemporary definition of SCAD excludes cases involving atherosclerotic coronary artery disease.

Initially, SCAD was classified into four angiographic types (1) (Figure 1). Type 1 is considered pathognomonic, characterized by contrast staining of the coronary artery wall and the presence of a false lumen. Type 2 SCAD is often misdiagnosed as it presents as a diffusely narrowed segment, commonly involving the medial or distal parts of the artery, with a subtle demarcation line separating it from the true caliber of the coronary artery. Type 2 SCAD is further divided into Type 2A, where normal arterial segments can be observed proximal and distal to the SCAD segment, and Type 2B, where the dissection extends to the distal tip of the artery (20). Type 3 SCAD is challenging to diagnose due to its focal appearance. More recently, Type 4 SCAD was added to the classification, characterized by total occlusion of the vessel, which must be differentiated from a thromboembolic event (21). Tanis et al. proposed an alternative classification based on the etiology of SCAD, dividing it into four subtypes: peripartum, atherosclerotic, idiopathic, and those related to connective tissue disorders (22).
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FIGURE 1
Four different angiographic types of SCAD.




4. Proposed mechanisms of SCAD

The etiology and pathophysiology of SCAD still present many unresolved questions. The existence of two types of SCAD—one with an intimal tear and blood entering the vessel wall (“inside-out”), and the other without an observed intimal tear, hypothesized as a consequence of vasa vasorum rupture (“outside-in”)—complicates our understanding of the underlying cause of this condition (20) (Figure 2). In an observational study of 65 SCAD patients, optical coherence tomography (OCT) was utilized to investigate false lumen formation (23). The absence of fenestration in the false lumen results in increased pressure, leading to compression of the true lumen. The authors proposed that the “outside-in” theory may unify the pathophysiology of SCAD. However, the lack of studies supporting the hypothesis of intramural bleeding with subsequent false lumen formation keeps the “inside-out” theory alive. Furthermore, the theory that intimal hemorrhage generates enough pressure to compromise flow in the true lumen requires further investigation through mechanical stress studies (24). An OCT study by Kwon et al. reported a higher density of adventitial vasa vasorum in SCAD patients compared to those with non-obstructive atherosclerotic coronary artery disease (CAD), suggesting that this anatomical feature may contribute to the occurrence of SCAD (25).
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FIGURE 2
Proposed mechanisms of SCAD occurrence.


The role of microvasculature in the pathophysiology of SCAD remains unclear. It is reasonable to assume that microvascular dysfunction, which has been implicated in various cardiovascular diseases, plays a role in the pathophysiology of SCAD as well. However, specific studies addressing this aspect are currently lacking.

Inflammation and abnormalities of connective tissue have been proposed as important factors in the pathophysiology of SCAD (26). Autopsy reports frequently describe infiltration of the adventitia surrounding SCAD with inflammatory cells, although the true relationship has not been proven or well understood (27). Based on autopsy study findings, segmental eosinophilic infiltration has been identified as a pathognomonic feature of non-atherosclerotic SCAD (28). A small retrospective study by Canga et al. reported significantly higher levels of systemic inflammation markers (white blood cell count, neutrophil-to-lymphocyte ratio, C-reactive protein) in SCAD patients compared to controls, similar to patients with CAD, but the causal relationship between inflammation and SCAD remains uncertain (29). The perivascular adipose tissue attenuation around coronary arteries, as determined by coronary computed tomography angiography (CCTA), represents a novel imaging marker for assessing inflammation burden. In a recent study, it was discovered that 48 SCAD patients exhibited higher pericoronary adipose tissue attenuation when compared to patients without SCAD, indicating an elevated perivascular inflammatory activity within this patient population (30).

A study by Margarits M et al. compared the coronary and myocardial histology and immunohistochemistry findings of 36 autopsy SCAD cases with 359 SCAD survivors (31). Autopsy cases were predominantly characterized by single-vessel disease, with a higher proportion involving the left main artery. Two-thirds of autopsy cases did not develop myocardial infarction. Inflammation was more pronounced in the dissected region, suggested to be a reaction rather than the cause of SCAD, and was more intensively present in SCAD survivors. Approximately 47% of autopsy cases exhibited limited intimal fibro-elastic thickening without features of fibromuscular dysplasia (FMD) or abnormalities in the endothelial or internal elastic lamina. There were no differences in vasa vasorum density between SCAD cases and controls.

The genetic predisposition for SCAD is not yet fully understood. Genetic studies indicate that a small percentage of SCAD patients carry distinct gene mutations (32). Additionally, SCAD occurs frequently in patients with FMD and migraine, and recent genetic studies have identified shared risk variants between these conditions and SCAD (33). In a meta-analysis comprising 1,917 cases and 9,292 controls, Adlam et al. identified 16 risk loci for SCAD, primarily associated with genes involved in vascular muscle cells and fibroblasts (34). Based on a specific risk locus for factors initiating coagulation, the authors concluded that arterial integrity, along with tissue-mediated coagulation, should be considered in the pathophysiology of SCAD, opening up new possibilities for management and prevention. The shared genetics found between hypertension and SCAD also suggest the need for future studies on possible similar biological pathways in SCAD and CAD.


4.1. Hormonal influences and SCAD

Appreciating the fact that the typical SCAD patient is a woman aged between 44 and 53 years, it is reasonable to assume that sex hormones play an important role in SCAD pathophysiology.

Data from the SWED-PREG registry, which includes women diagnosed with SCAD between 1997 and 2019 and under 50 years of age, revealed that 28% of cases were associated with pregnancy (during pregnancy or within 14 weeks postpartum) (35). Significant changes occurring during this period are thought to contribute to the pathophysiology of SCAD. Hemodynamic, respiratory, and metabolic changes lead to a substantial increase in blood volume, placing high demands on the cardiovascular system and causing cardiomyocytes to change their elasticity and contractility (36). Additionally, vascular overload during pregnancy can induce changes in the endothelium, increasing its permeability and reducing coagulability (37). These changes occur early in pregnancy, as the placenta begins producing various molecular signals such as hormones and growth factors, which affect the peripheral vasculature (38). Hormonal changes during pregnancy weaken the media layer of the vessel wall due to decreased collagen production and alterations in collagen metabolism. In the past, it was speculated that higher levels of progesterone cause the loss of elastic fibers, making blood vessels during pregnancy more susceptible to dissection, particularly in response to high cardiac output and smooth muscle cell hypertrophy (39). However, these generalized vascular changes have not been conclusively proven in postmortem studies (40). During labor and delivery, cardiac output increases, and shear stress on the vessels rises significantly, further increasing the risk of SCAD development (41). As a result, SCAD is most commonly observed in the third trimester or postpartum period among causes of acute myocardial infarction (AMI) during pregnancy (42).

The potential for SCAD recurrence during subsequent pregnancies, often with serious consequences, necessitates clear guidance for peripartum SCAD survivors. In a cohort study involving 54 females who experienced pregnancy-associated SCAD, 15% encountered a recurrent SCAD event within a 5-year follow-up period, with 50% of these recurrences happening within 3 months after delivery (43). More recently, within a cohort of 636 women of childbearing age, 23 chose to become pregnant following a prior SCAD episode. Remarkably, most of these women managed pregnancy and lactation without any evidence of an increased risk of SCAD recurrence compared to women with a history of SCAD who did not become pregnant (44). Furthermore, in a meta-analysis involving 4,206 SCAD patients, pregnancy did not exhibit a significant association with recurrent SCAD (45).

While it might initially appear reasonable to advise peripartum SCAD survivors to avoid future pregnancies due to the unpredictable nature of SCAD (46), this recommendation is not aligned with the current consensus among experts (3). This is primarily because the majority of these patients proceed to have uncomplicated pregnancies. Instead, the recommended approach is to offer comprehensive pre-conception counseling, encouraging close collaboration between gynecologists, obstetricians, and cardiologists.

Data regarding the association between hormone replacement therapy (HRT) and oral contraceptives with SCAD are scarce. In a case report from 2011, Zehir et al. described a 36-year-old woman with a history of 7 years of third-generation oral contraceptive use who presented with AMI due to left anterior descending artery dissection and proximal thrombotic occlusion of the right coronary artery (47). Changes in the architecture of the coronary artery wall caused by estrogen have been previously discussed as a possible explanation for the increased risk of SCAD. Oral contraceptives could potentially contribute to SCAD risk through their effects on coagulability, vasomotor control, and oxidative stress. However, in a prospective study of non-atherosclerotic SCAD patients by Saw et al., the prevalence of oral hormonal therapy use was 10.7%, without a significant causative effect (48). In the aforementioned study by Tweet et al., there was no significant difference in the prevalence of previous hormonal therapy between pregnancy-related and non-pregnancy-related SCAD patients, with rates of administration being 28% and 16%, respectively (43).

Two cases of SCAD in young females were reported in 2003, both occurring during the menstrual period (49). The authors speculated that the drop in estrogen and progesterone levels, similar to the peripartum period, triggers the loss of hormonal vascular smooth muscle cell suppression and increases smooth muscle activity, leading to coronary media frailty.

If we accept that estrogen and progesterone contribute to vessel wall weakness and predispose individuals to SCAD, it would be reasonable to assume that menopausal women without HRT are at lower risk for SCAD. In a study comparing clinical features, angiographic findings, management, and in-hospital outcomes of 245 women with SCAD based on their menopausal status, it was found that premenopausal women with SCAD had a higher clinical and angiographic risk profile, including a higher prevalence of more proximal localization and larger infarct size, leading to a higher prevalence of left ventricular systolic dysfunction (50). In contrast, postmenopausal women had a higher prevalence of standard atherosclerotic risk factors. However, there were no significant differences in terms of in-hospital major adverse cardiovascular events (MACE) between the groups.

Finally, there is limited data on a possible association between hypothyroidism and SCAD. Observations that individuals with hypothyroidism tend to have a higher prevalence of spontaneous dissections, primarily in the aortic, carotid, and vertebral arteries, have led to speculation that it may be related to SCAD as well. Patients with hypothyroidism are also more susceptible to iatrogenic SCAD. In a recent observational multicenter study of 73 SCAD patients, a significantly higher rate of hypothyroidism was observed compared to matched controls with atherosclerotic acute coronary syndrome and no evidence of coronary artery dissection (51). Possible pathways for the development of SCAD in hypothyroidism involve interstitial fluid retention and increased production of hyaluronic acid by fibroblasts, leading to the repression of smooth muscle cells and resulting in a weaker vessel wall. However, these speculations require further study and clearer demonstration in future research.



4.2. Connective tissue disorders and SCAD

Genetic studies of SCAD survivors have reported the identification of mutations associated with Marfan syndrome and Ehlers-Danlos syndrome in previously undiagnosed cases (52). In a large prospective multicenter study of 750 SCAD patients, the prevalence of connective tissue disorders (CTDs) was found to be 3.6%, and they were identified as independent predictors of 30-day major adverse cardiovascular events (27). CTDs, such as Ehlers-Danlos syndrome, Marfan syndrome (MFS), Autosomal Dominant Polycystic Kidney Disease, Loeys-Dietz syndrome, and Pseudoxanthoma elasticum, are rare hereditary conditions, and SCAD might be the initial presentation of an underlying connective tissue disorder (53). These disorders share a common feature of inadequate structure and synthesis of the extracellular matrix, as well as alterations in elastic fibers, contributing to their multisystemic nature. In fact, there are thirty-six different clinical entities, involving more than 40 different genes or gene loci, that should be differentiated from the most well-known condition, Marfan syndrome (MFS) (54).

Genetic studies, as well as cellular and molecular investigations of SCAD, have revealed disruptions in tumor growth factor beta (TGF-β) signaling, changes in the extracellular matrix, cytoskeleton, and metabolism caused by specific gene mutations, including LRP1, collagen genes, fibrillin, and TGF-β receptors. These genetic mutations are shared between many connective tissue disorders and SCAD (55).

Given that SCAD may be the initial manifestation of an underlying connective tissue disorder, it is important to include genetic testing for CTDs in the diagnostic algorithm for SCAD. Furthermore, it can be speculated that all SCAD patients are actually individuals with unrecognized connective tissue disorders, with genetic mutations expressed in female patients, who develop dissections in the presence of precipitating factors.



4.3. Fibromuscular dysplasia and SCAD

In addition to being a typical event in females, SCAD is often considered a severe manifestation of underlying systemic arteriopathy, with FMD emerging as a synonymous condition for SCAD.

FMD, a non-inflammatory and non-atherosclerotic disease of unknown etiology, was first described in 1958 by McCormack et al. in patients with renovascular hypertension (56). Initially considered hyperplasia, further studies reclassified it as dysplasia. Typical angiographic findings of FMD include two types: multifocal stenoses with “string of beads” appearance and focal lesions, primarily observed in renal and cranial vessels. Pathological classification of FMD into intimal, medial, and perimedial disease is based on the location of irregularly arranged mesenchymal cells within a loose matrix of subendothelial connective tissue and a fragmented internal elastic lamina (57). In modern practice, the diagnosis of FMD is primarily achieved through imaging techniques, rendering the pathological classification obsolete in routine clinical use. It's important to highlight that, in addition to dissection, typical clinical FMD phenotypes encompass aneurysms and marked tortuosity in the affected arteries.

One of the early studies on FMD of coronary arteries was a case series by Pate et al. in 2005, reporting seven patients with previously documented renal FMD and typical angiographic findings of diffuse obliterative changes in middle or distal segments, predominantly in the LAD, with a clear demarcation line from the apparently healthy proximal segment (58). Prior to this study, coronary FMD was primarily diagnosed through autopsies, making this report unique in its assumption of specific angiographic findings for a condition that was considered a histopathological diagnosis. Another case series by Saw et al. in 2012 was the first to study SCAD in coronary FMD, reporting six females presenting with ACS (59). In the same year, a retrospective single-center cohort study of 87 SCAD patients reported the presence of FMD in iliac arteries in eight patients and carotid FMD in two additional patients (60).

The high prevalence of FMD in SCAD patients clearly establishes a connection between the two conditions, primarily based on the understanding that the histopathological features of FMD weaken vessel walls, making them prone to dissection in the presence of precipitating factors. Indeed, the prevalence of FMD in non-atherosclerotic SCAD patients has been found to be over 70% (48).

The occurrence of extra-coronary vascular abnormalities in SCAD patients with FMD ranges from 10% to 86%, raising important questions regarding diagnostic algorithms following a SCAD event (2). In a case series study involving 173 SCAD patients, the research focused on analyzing the prevalence of aneurysms, dissections, and tortuosity in extracoronary arteries (61). The findings revealed that 32% of patients exhibited FMD, 8% had aneurysms, and 2% experienced dissections. Interestingly, there was a comparable prevalence of arterial tortuosity between the SCAD cases and the control group, and extracoronary vascular events were rare over a median 5-year follow-up period. Identifying such extra-coronary involvement and implementing appropriate preventive measures, especially for women planning pregnancy, is of utmost importance. Unfortunately, there is no clear consensus on the design of such measures, leaving clinicians to recommend the avoidance of known precipitating factors for SCAD, such as intense exercise, emotional stress, labor and delivery, intense Valsalva-type activities, drug abuse, and intense hormonal therapy in SCAD survivors.



4.4. SCAD in systemic autoimmune diseases

Systemic autoimmune diseases, especially systemic lupus erythematosus (SLE), have been suggested to potentially contribute to the pathogenesis of SCAD. The connection between inflammation and SCAD, as discussed in previous sections, remains a subject of debate. It's uncertain whether inflammation acts as a causal factor or is simply an expected response to an intimal tear or intramural hemorrhage. Randomized trials are lacking to definitively establish the relationship and associated risks between SCAD and systemic autoimmune diseases.

Saw et al. reported that within a cohort of 168 SCAD patients, 8.9% had concomitant systemic inflammatory conditions, including ulcerative colitis, Crohn's disease, rheumatoid arthritis, celiac disease, and Graves disease (48). A systematic literature review and meta-analysis by Ullah et al. identified only 10 cases of SCAD related to systemic autoimmune diseases, with 70% of these patients having SLE. These cases predominantly presented as non-ST-elevation myocardial infarctions (NSTEMI) and exhibited a higher-than-expected rate of percutaneous coronary intervention (PCI) with overall satisfactory outcomes (62). In a large Canadian cohort analysis of 750 SCAD patients, a 4.7% prevalence of systemic inflammatory conditions was observed (27).

However, in a case-control study involving 114 SCAD cases, systemic autoimmune diseases appeared to have a similar prevalence in SCAD patients compared to controls. This study did not reveal any significant relationship between systemic autoimmune diseases and SCAD, suggesting that SCAD may not have an inflammatory basis and that routine screening for systemic autoimmune diseases may be unnecessary (63).

It's important to note that the existing literature on the relationship between SCAD and systemic autoimmune disorders is limited and primarily comprises case reports and observational studies, making it difficult to draw definitive conclusions. Future prospective studies that investigate various systemic autoimmune disorders and explore autoantibody interactions with vessel wall structures as potential causes of SCAD will offer more insights into this possible pathophysiological pathway. Notably, a recent case-control study by Civieri et al. reported a significantly higher prevalence of autoantibodies targeting angiotensin-II receptor type 1 and endothelin-1 receptor type A in SCAD patients compared to controls (including healthy individuals and those with atherosclerotic CAD), emphasizing the potential role of autoimmunity in SCAD pathophysiology (64).

The proposed pathophysiology of SCAD is summarized in Figure 3.
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FIGURE 3
Pathophysiology of SCAD.





5. Clinical presentation and diagnosis of SCAD

SCAD remains an underdiagnosed condition, and many patients may not present to medical services due to mild symptoms or SCD as the first manifestation. Among those who do present, a majority present with ACS, with 26%–55% presenting as ST-elevation myocardial infarction (STEMI) (48, 65). Typical chest pain is reported in 60%–90% of cases (66). However, some cases may be asymptomatic or have minimal symptoms, leading to delayed diagnosis or misinterpretation of angiographic findings (10).

Angiographic findings are crucial for the diagnosis of SCAD, and the classification proposed by Saw et al. is often used (1). However, there can be a misinterpretation of Type 3 SCAD as atherosclerotic CAD. Simultaneous multivessel dissection may occur in 10% of cases, emphasizing the need for careful evaluation of all coronary arteries. SCAD patients also have a higher prevalence of significant coronary artery tortuosity compared to the general population, which may be related to the presence of FMD and a higher risk of recurrence (67).

Intracoronary imaging techniques such as intravascular ultrasound (IVUS) and OCT have expanded our understanding of SCAD (68, 69). IVUS allows for the visualization of true and false lumens and the extension of intramural hematoma, while OCT provides high-resolution images of the vessel wall structure, location of intimal tear, and intramural hematoma size (70–72). These imaging modalities are particularly useful during percutaneous coronary intervention (PCI) to guide wire placement and stent sizing.

While non-invasive diagnostic tools for SCAD have their merits, their utility is somewhat limited. Echocardiography offers the ability to assess regional wall kinetics and left ventricular ejection fraction. On the other hand, cardiac magnetic resonance (CMR) imaging serves as a valuable tool for confirming SCAD or distinguishing it from other conditions, such as myocarditis or Takotsubo cardiomyopathy in type 4 SCAD (73, 74). However, it's important to note that normal CMR findings do not definitively rule out SCAD. CCTA, while less commonly employed in SCAD diagnosis, may find a role in follow-up due to its non-invasive nature and lower risk of catheter-induced injury. Nevertheless, interpreting CCTA findings can pose challenges, as intramural hematomas can sometimes be mistaken for artifacts, and non-calcified atherosclerotic plaques might be inaccurately interpreted as SCAD.

In summary, SCAD diagnosis relies on angiographic findings, with IVUS and OCT providing additional information on the vessel wall structure and intramural hematoma. Non-invasive imaging modalities such as echocardiography, CMR, and CCTA can aid in the assessment and follow-up of SCAD patients, but their diagnostic utility is limited compared to invasive techniques.



6. Management and outcomes of SCAD

The management of SCAD is primarily conservative, as natural healing evolution is observed in many cases (75–77). The majority of SCAD patients are treated conservatively, with no significant difference in MACE between patients with or without percutaneous coronary intervention (PCI) at the index hospitalization (65). Prolonged monitoring in the acute phase is recommended, as some studies have shown that not all conservatively treated patients experience complete healing (2, 76, 77).

The paucity of randomized trials focusing on medical therapy for SCAD has left treatment approaches primarily reliant on empirical strategies. The use of dual antiplatelet therapy (DAPT) in combination with anticoagulant therapy poses a potential risk of hematoma propagation. However, certain studies have documented the presence of intramural thrombus at the site of SCAD (71), providing a rationale for considering DAPT, preferably with a less potent P2Y12 inhibitor, for a duration of 12 months. Conversely, an analysis from the DISCO registry observed a higher incidence rate of adverse cardiovascular outcomes among 132 SCAD patients treated with DAPT (62.9% on aspirin plus clopidogrel, 36.4% on aspirin plus ticagrelor) compared to 67 SCAD patients managed with either aspirin 100 mg or a P2Y12 inhibitor (78). The authors of this study concluded that DAPT might pose a greater risk compared to single antiplatelet therapy for conservatively managed patients. This observation supports the hypothesis that more potent antiplatelet therapy could potentially induce intramural hematoma propagation.

While the use of aspirin therapy lacks a robust foundation in SCAD management, beta-blockers remain a cornerstone in medical treatment to mitigate the potential adverse effects of catecholamine surges. However, these therapeutic regimens are largely empirical and continue to evolve based on individualized approaches. The forthcoming results of the inaugural prospective, randomized, open-label, blinded-endpoint clinical trial, the Beta-blockers and Antiplatelet agents in patients with Spontaneous Coronary Artery Dissection (BA-SCAD), aimed at evaluating the efficacy of pharmacological therapy in SCAD patients, hold the promise of shedding light on this matter (79).

Patients presenting with left ventricular systolic dysfunction should receive treatment in accordance with the latest clinical guidelines. The use of statins in the context of SCAD remains a topic of debate, as some studies have indicated an elevated risk of recurrence, while others have reported lower recurrence rates among individuals using statins (60, 80).

The consideration of PCI in SCAD cases should be judicious, primarily for those experiencing prolonged symptoms and persistent ischemia. In a study conducted by Kotecha et al., a comparative analysis involving 215 SCAD patients who underwent PCI and a matched cohort of SCAD patients managed conservatively was performed (81). The study findings indicated that high-risk SCAD cases [excluding those presenting with STEMI/cardiac arrest, thrombolysis in myocardial infarction (TIMI) 0/1 flow, or proximal dissection] received stents of greater length and exhibited a higher propensity for PCI-related complications. However, it was notable that this subgroup demonstrated more pronounced improvements in coronary flow and exhibited favorable medium-term outcomes concerning major adverse cardiovascular and cerebrovascular events. This assertion is corroborated by the most recent recommendations provided in the guidelines for the management of ACS by the European Society of Cardiology. According to these guidelines, PCI in SCAD is advised solely for patients exhibiting symptomatic manifestations and indicators of ongoing ischemia, coupled with a substantial extent of myocardium at risk and diminished anterograde flow. This recommendation is categorized as Class I, supported by Level of Evidence C (82) Careful techniques, such as balloon angioplasty without stent deployment or the use of specific stent techniques to avoid hematoma propagation, may be employed (53, 83). Surgical revascularization with coronary artery bypass grafting is performed in specific cases, such as PCI failure, left main involvement, or multivessel presentation.

The main concern in the follow-up of SCAD patients is the risk of recurrence. Close monitoring and avoidance of known precipitating factors, such as intense exercise and emotional stress, are recommended. In the case of pregnancy-related SCAD, future pregnancies should be carefully monitored, and non-hormonal contraception methods are recommended. Regular, moderate exercise is proposed for the overall well-being of SCAD patients, despite physical activity being identified as a risk factor for SCAD development.

Overall, further research is needed to better understand the healing process, identify underlying diseases such as fibromuscular dysplasia and connective tissue disorders, and establish optimal management and follow-up protocols for SCAD patients.



7. Future directions and research needs

Future research on SCAD should focus on several key areas to advance our understanding and improve patient outcomes:


	1.Pathophysiology and Etiology: Further studies are needed to elucidate the underlying mechanisms and causes of SCAD. This includes investigating the role of hormonal factors, inflammation, genetic predisposition, connective tissue disorders, and autoimmune diseases in the development of SCAD. Identifying specific genetic mutations and molecular pathways associated with SCAD will help in early diagnosis, risk stratification, and targeted therapies.

	2.Diagnostic Tools and Algorithms: Developing clear diagnostic algorithms and guidelines for the accurate and timely diagnosis of SCAD is crucial. This involves refining the use of angiography, intravascular imaging techniques (such as IVUS and OCT), non-invasive imaging modalities (such as CMR and CCTA), and genetic testing to differentiate SCAD from other conditions and identify underlying diseases. Standardized criteria for the interpretation of imaging findings and histopathological features of SCAD are needed.

	3.Medical Management: Conducting randomized controlled trials to evaluate the efficacy and safety of different medical treatments for SCAD is essential. This includes investigating the optimal duration of DAPT, the role of anticoagulants, the use of beta-blockers and other medications, and the potential benefits of statins in preventing recurrence. Long-term follow-up studies are necessary to assess the outcomes and recurrence rates associated with different treatment strategies.

	4.Risk Stratification and Prevention: Developing risk stratification tools to identify patients at higher risk of SCAD recurrence, adverse cardiovascular events, or complications is crucial for personalized management. Understanding the role of lifestyle factors, such as exercise intensity and emotional stress, in triggering SCAD and implementing preventive measures to avoid these triggers is important. Identifying modifiable risk factors and implementing targeted preventive strategies can help reduce the burden of SCAD.

	5.Pregnancy and Women's Health: Further research is needed to understand the specific risks and management strategies for pregnancy-related SCAD. This includes investigating the impact of hormonal changes, vascular adaptations during pregnancy, and the use of hormonal therapies and contraceptives on SCAD risk. Developing guidelines and recommendations for family planning and pregnancy management in women with a history of SCAD is necessary.

	6.Patient Education and Support: Improving patient awareness, education, and support systems for SCAD are crucial. Providing information on symptoms, risk factors, and preventive measures can help patients recognize early signs and seek appropriate medical attention. Creating patient support networks and resources can enhance patient well-being and improve long-term outcomes.

	7.Collaborative efforts between researchers, clinicians, and patient advocacy groups are essential to address these research needs and advance our understanding of SCAD. By conducting high-quality studies and sharing data through registries and international collaborations, we can make significant progress in the diagnosis, management, and prevention of SCAD.





8. Conclusion

In conclusion, SCAD is a unique and complex condition that predominantly affects women, often in their reproductive years. It is characterized by the formation of intramural hematoma, with or without intimal tear, and potential obstruction of blood flow. The recognition and understanding of SCAD have increased in recent years, but many aspects of its pathophysiology, diagnosis, and management remain uncertain.

SCAD is associated with various underlying conditions such as FMD, CTDs, systemic autoimmune diseases, and hormonal changes during pregnancy. Further research is needed to explore the exact mechanisms by which these factors contribute to SCAD development and to develop specific diagnostic algorithms for early and accurate diagnosis.

Management of SCAD primarily involves conservative measures, with a focus on close monitoring and supportive care. While some cases may require invasive interventions such as PCI or coronary artery bypass grafting, the majority of SCAD patients can be managed conservatively. Research is needed to determine the optimal medical therapies and preventive strategies to reduce the risk of recurrence and improve long-term outcomes.

Collaborative efforts between researchers, clinicians, and patient advocacy groups are essential to advance our understanding of SCAD and namely elucidate the exact etiology. Future studies should focus on clarifying the underlying mechanisms, improving diagnostic tools, developing evidence-based treatment approaches, and identifying effective strategies for risk stratification and prevention. By addressing these research needs, we can enhance the management and outcomes of SCAD patients and provide them with appropriate support and care.



9. Limitations

The primary limitation of our review paper is that we did not conduct a systematic review of the literature. Instead, our review took a more focused approach, aiming to synthesize and discuss key concepts and findings within a narrower scope. This might have led to potential omissions of relevant studies that a systematic review would have captured. Furthermore, the absence of a systematic review methodology might impact the overall rigor and comprehensiveness of our review. By not adhering to this methodology, our review paper could be susceptible to selection bias and may not provide a complete and unbiased overview of the literature on the topic. In light of these limitations, we acknowledge that the conclusions drawn in our review should be interpreted with caution. While we aimed to provide valuable insights and perspectives within the chosen scope, the absence of a systematic approach may limit the generalizability and robustness of our findings.
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Introduction: SCAD involves a sudden tear or separation within the layers of the coronary artery wall, resulting in blood flow obstruction and subsequent myocardial ischemia.



Materials and methods: A comprehensive literature search was conducted to identify relevant published cases of cutting balloon use in patients diagnosed with spontaneous coronary artery dissection. Electronic databases including PubMed, MEDLINE, Embase, Cochrane Library and Google Scholar were systematically searched from inception until the present using terms “cutting balloon,” “SCAD,” “acute coronary syndrome,” “intramural hematoma,” and “angioplasty.”



Results: A total of 32 published cases of cutting balloon use in spontaneous coronary artery dissection were analyzed in this study. The majority of the patients included in the analysis were female without prior history of cardiovascular disease. The median age of the SCAD population was approximately 46 years. The most frequently affected artery in SCAD cases was the Left Anterior Descending artery. Intravascular ultrasound was utilized more frequently than other modalities of adjunctive imaging techniques. The most frequent complication was the distal propagation of hematoma. Despite the successful dilation achieved with the cutting balloon, in some cases stenting was required to provide additional support.



Conclusion: The results of this analysis demonstrate that cutting balloon use in SCAD cases yields favorable outcomes.



KEYWORDS
cutting balloon, spontaneous coronary artery dissection, acute coronary syndrome, angioplasty, intramural hematoma





1. Introduction

Spontaneous coronary artery dissection (SCAD) is a rare but increasingly recognized cause of acute coronary syndrome, particularly in young women without traditional cardiovascular risk factors. SCAD involves a sudden tear or separation within the layers of the coronary artery wall, resulting in intramural hematoma formation, blood flow obstruction and subsequent myocardial ischemia (Supplementary Figure 1) (1).

SCAD can be classified based on angiographic findings as (2):


	•Type 1 (an obvious stain on the wall of the artery with the presence of a double lumen)

	•Type 2 (diffuse smooth stenosis of varying degrees, usually >20–30 mm)

	•Type 3 (focal or tubular stenosis mimicking atherosclerosis usually 11–20 mm)

	•Type 4 (dissection leading to a sudden total occlusion, usually of the distal coronary segment)



Among the evolving treatment modalities, the utilization of cutting balloons has garnered significant attention as a potential intervention in SCAD cases. Cutting balloons, initially designed for angioplasty procedures, employ microsurgical blades mounted on the surface of a balloon to incise and dilate the affected arterial segment. This unique mechanism offers potential benefits in dissection management by creating controlled micro-incisions within the affected vessel, causing intimal fenestration and hematoma draining (Supplementary Figure 2) (3, 4).

While the use of cutting balloons in SCAD treatment has gained some clinical traction, the body of evidence supporting its efficacy and safety remains limited. Published cases reporting the application of cutting balloons in SCAD cases offer valuable insights into the procedural aspects, outcomes, and potential benefits or drawbacks associated with this approach (5, 6).

Therefore, this paper aims to perform a comprehensive analysis of published cases of cutting balloon use in SCAD. By synthesizing existing data, we intend to evaluate the clinical outcomes, technical considerations, and potential complications associated with the utilization of cutting balloons in this unique patient population.

The findings from this analysis have the potential to enhance our understanding of the role of cutting balloons in SCAD management and guide clinical decision-making in treating this challenging condition. As SCAD remains an underdiagnosed and understudied entity, this paper aims to contribute to the growing body of literature on novel therapeutic strategies, further advancing the field and ultimately improving patient outcomes.



2. Materials and methods

A comprehensive literature search was conducted to identify relevant published cases of cutting balloon use in patients diagnosed with Spontaneous Coronary Artery Dissection (SCAD). Electronic databases including PubMed, Embase, and Cochrane Library were systematically searched from inception until the present, with no language restrictions. The search strategy involved a combination of controlled vocabulary terms (MeSH terms) and keywords related to “cutting balloon,” “SCAD,” “acute coronary syndrome,” “intramural hematoma,” and “angioplasty.” Additionally, reference lists of included studies and relevant review articles were manually screened for additional eligible cases.

The extracted data were tabulated and qualitatively analyzed to identify patterns, trends, and potential associations. Descriptive statistics, including frequencies and percentages, were used to summarize categorical variables, while continuous variables were reported as means or medians with corresponding measures of variability.



3. Results

A total of 32 published cases of cutting balloon use in Spontaneous Coronary Artery Dissection (SCAD) were analyzed in this study (7–32). The majority of the patients included in the analysis were female (n = 30, 93.75% female, n = 2, 6.25% male) and had no prior history of cardiovascular disease (CVD). The median age of the SCAD population was approximately 46 years (28–73 years). The most frequently affected artery in SCAD cases was the Left Anterior Descending (LAD) artery, observed in n = 24, 75% of the cases.

Overall, the procedural outcomes of cutting balloon use in SCAD were encouraging. The majority of cases resulted in a Thrombolysis In Myocardial Infarction (TIMI) 3 flow restoration (n = 30, 93.75% of cases) (Supplementary Table 1). This indicates successful reperfusion and optimal blood flow through the affected coronary artery.

In terms of adjunctive imaging techniques, intravascular ultrasound (IVUS) was utilized more frequently than other modalities. IVUS was employed in n = 53.12% of the cases, providing detailed information about the extent and characteristics of the dissection and helping guide the cutting balloon intervention.

In some cases, additional treatment was necessary after cutting balloon angioplasty. Stenting was performed as a follow-up intervention in n = 12, 37.5% of the cases (Supplementary Table 1). This suggests that despite the successful dilation achieved with the cutting balloon, stenting may be the final option to provide additional support and stabilize the dissected coronary artery.

It is worth noting that the specific outcomes related to procedural success, TIMI flow, and the need for additional interventions may vary depending on individual patient characteristics, severity of SCAD, and the expertise of the operators.

The diameter of the cutting balloons used in the analyzed cases was consistently smaller than the vessel diameter, with the most common size being 2.5 mm (n = 11, 35.49%) (Supplementary Table 1). This approach of using a smaller cutting balloon size compared to the vessel diameter aimed to minimize the risk of vessel injury and optimize the efficacy of the procedure (Supplementary Figure 2).

Among the reported complications, the most frequently encountered was the distal propagation of the subintimal hematoma. This complication occurred in n = 6, 18.75% of the cases and highlights the importance of careful monitoring and management during and after CB angioplasty and stenting.

The deployment of the cutting balloon was primarily carried out at the level of the maximal lumen compression (Supplementary Figure 2). If there was no visual improvement, distal inflations were done. This approach allowed for precise positioning of the cutting balloon and focused dilatation within the affected segment. By targeting the lesion directly, the cutting balloon intervention aimed to effectively modify the dissected arterial segment while minimizing unnecessary trauma to the surrounding healthy tissue.

Furthermore, the majority of patients included in the analysis presented with ST-elevation myocardial infarction (STEMI) n = 10, 31.25%. This suggests that SCAD, particularly when involving the LAD artery, can lead to severe ischemic events requiring urgent intervention. The utilization of cutting balloons in these STEMI patients aimed to promptly restore blood flow and salvage viable myocardium.

Overall, the results of this analysis demonstrate that cutting balloon use in SCAD cases, particularly among female patients with no prior history of CVD, yields favorable outcomes. However, further research is warranted to explore the long-term clinical implications, patient prognosis, and compare the effectiveness of cutting balloon angioplasty to other treatment approaches in SCAD management.



4. Discussion

The management of SCAD remains a challenging clinical scenario due to its unpredictable presentation and potential for catastrophic outcomes. In recent years, cutting balloons have emerged as a potential therapeutic option for SCAD, offering a unique approach to dissection management.

Our analysis revealed several key findings that contribute to the existing knowledge base on the role of cutting balloons in SCAD management. Firstly, we observed that stenting was employed as an adjunctive therapy rather than a standalone treatment modality (Supplementary Table 1) (8, 13, 15, 16, 18, 20, 27, 28, 29, 31, 32). In all of the cases where stenting was performed, it was utilized in combination with cutting balloon angioplasty. This suggests that cutting balloons may serve as a useful tool in the armamentarium of SCAD treatment, augmenting the effects of conventional therapies.

Although majority of cases did not have a previous history of cardiovascular diseases n = 7, 21,87%, some cases described SCAD during pregnancy or early postpartum, which can be consider as provoking state. [Macaya, Matsuura, Mailey, Somerville, Ejima, Low]. Hormonal and hemodynamic changes during pregnancy can provoke SCAD. Increase in sympathetic activity and activation of the renin-angiotensin-aldosterone system with increased cardiac output, blood volume and red cell mass are considered to cause weakness of aortic wall, which can further propagate to coronary arteries (33, 34). High estrogene and progesterone level during pregnancy through decomposition exovascular structural support also may contribute to SCAD (33, 35).

Regarding clinical outcomes, our analysis showed that cutting balloon use in SCAD was associated with a high rate of technical success, as evidenced by satisfactory angiographic results and resolution of coronary flow abnormalities (Supplementary Table 1). The controlled micro-incisions created by cutting balloons seemed to decompress the true lumen and restore adequate blood flow. This may be particularly beneficial in cases of localized dissections or focal stenoses. Moreover, the reported TIMI 3 flow restoration observed in 87.5% of cases supports the potential functional benefits of cutting balloon angioplasty in SCAD patients.

While cutting balloon use demonstrated promising results, it is crucial to acknowledge the potential complications associated with this technique. Our analysis revealed a low incidence of major adverse events, such as coronary perforation, dissection extension, or acute vessel closure. However, it is important to note that in 84.37% of published cases reported a relatively short-term follow-up, limiting our understanding of the long-term outcomes and potential late complications associated with cutting balloon use. Therefore, the safety profile of cutting balloon angioplasty in SCAD warrants further investigation with larger prospective studies and longer-term follow-up.

Furthermore, it is worth highlighting that the existing evidence on cutting balloon use in SCAD is predominantly derived from case reports and small case series, resulting in inherent limitations. The lack of standardized reporting, heterogeneity in procedural techniques, and potential publication bias may limit the generalizability of our findings. Additionally, the absence of a comparative group receiving conventional treatment modalities, such as medical therapy or percutaneous coronary intervention (PCI), hinders our ability to draw definitive conclusions regarding the superiority or inferiority of cutting balloon use in SCAD management.

Despite these limitations, our analysis provides valuable insights into the use of cutting balloons in SCAD and highlights the need for further research in this area. Future studies should focus on larger-scale prospective investigations comparing cutting balloon angioplasty with standard treatment approaches to establish its role in the overall management algorithm for SCAD. Long-term follow-up and comprehensive evaluation of functional outcomes, including exercise capacity and quality of life measures, would help assess the durability of the benefits associated with cutting balloon use.

Conventional PCI for SCAD on the other hand highlights a high periprocedural failure rate and a significant increase in Major Adverse Cardiovascular Events (MACE). The results indicate that PCI was successful in only 34.7% of cases, partially successful in 37.3%, and outright unsuccessful in 28.0%. The propagation of SCAD occurred in 44.0% of cases, and residual dissection was observed in 58.6% of cases. This substantial rate of PCI failures suggests that the conventional approach may not be suitable for a considerable proportion of SCAD patients (36).

Antiplatelet therapy is a fundamental component of drug therapy in SCAD, with 92.3% of patients who underwent CB angioplasty receiving some form of such treatment. Because of the nature of CB employment and subsequent controlled coronary vessel wall damage, antiplatelet therapy is used to prevent platelet aggregation and thrombus formation within the dissected coronary artery. While the use of antiplatelet therapy is widespread in SCAD management, several important considerations deserve attention.

SCAD is a heterogeneous condition, and the choice of antiplatelet therapy should be tailored to each patient's specific presentation. Some SCAD patients may have underlying connective tissue disorders, making them more prone to bleeding complications, while others may require more aggressive platelet inhibition. The use of dual antiplatelet therapy, typically combining aspirin and clopidogrel, was used in 66.66% of patients that received antiplatelet therapy. This approach aims to provide more potent platelet inhibition. However, while it is mandatory for patients who received a stent, it raises concerns about bleeding risk and healing difficulty, particularly in patients who underwent CB angioplasty without stenting. The use of ASA alone was reported in only two cases (17, 30) while and additional two had a relatively short DAPT time of 3 months followed by ASA therapy alone (21). Determining the optimal duration of antiplatelet therapy in SCAD patients remains a challenge. While some patients may benefit from long-term therapy to prevent recurrence, others may face an increased risk of bleeding complications with extended treatment. Clinicians must balance the need for ongoing protection against the risk of adverse events. Regular monitoring of patients on antiplatelet therapy is essential. Platelet function tests, bleeding risk assessments, and coronary imaging may help guide treatment decisions. Close follow-up allows clinicians to adjust therapy based on the patient's response and evolving clinical circumstances.

In addition to the information provided earlier, it's crucial to acknowledge the limited data available regarding the specific type of drug therapy used in SCAD patients. Out of the published cases, only 40.62% reported details about the specific drugs employed in their treatment. This lack of comprehensive data highlights a need for more standardized reporting in SCAD research and a greater emphasis on documenting the types of drug therapies administered.



5. Conclusion

In the case of distal, non-occlusive lesions without ongoing ischemia, the consensus is that they should be treated conservatively with prolonged outpatient follow up.

There is still no consensus on optimal treatment when it comes to occlusive proximal lesions with ongoing ischemia, because conventional stenting usually does not provide adequate results (hematoma and dissection propagation.

In conclusion, our analysis of published cases of cutting balloon use in SCAD demonstrates the potential of this intervention in the management of this complex condition. Cutting balloon angioplasty appears to be a technically feasible and safe adjunctive therapy, offering favorable angiographic outcomes and symptomatic relief. However, the limitations inherent in the available evidence necessitate further research to establish the role of cutting balloons in SCAD and optimize patient outcomes.
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Spontaneous coronary artery dissection (SCAD) is a rare cause of acute coronary syndrome that is often overlooked, misdiagnosed, and maltreated. Medical treatment poses a significant challenge because of the lack of randomized studies to guide treatment. The initial clinical presentation should guide medical and interventional management. Fibrinolytic agents and anticoagulants should be avoided because they could favor hematoma propagation. In patients with SCAD, antiplatelet therapy should be prescribed especially dual antiplatelet therapy (DAPT) consisting of aspirin and clopidogrel, whereas potent P2Y12 inhibitors, e.g., ticagrelor and prasugrel, should be avoided. If a stent was used, DAPT should be continued for 12 months. Aspirin only can be an option for patients without “high-risk” angiographic features—thrombus burden, critical stenosis, and decreased coronary flow. Beta-blocking (BB) agents should be used to prevent recurrence of SCAD. There is a general agreement that angiotensin-converting enzyme inhibitors, angiotensin-receptor blockers, mineralocorticoid antagonists, and loop diuretics should be used in patients with SCAD experiencing the symptoms of heart failure and a decrease in left ventricular ejection fraction below 50%. Although without firm evidence, statins can be used in SCAD due to their pleiotropic properties. The results of a randomized trial on the use of BB and statins are awaited. Aggregation of data from national registries might point out truly beneficial medications for patients with SCAD.
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Introduction

Spontaneous coronary artery dissection (SCAD) is a rare cause of acute coronary syndrome (ACS) that is often overlooked, misdiagnosed, and maltreated. The missed opportunities for timely diagnosis and adequate treatment come from a relatively small proportion of all ACS patients suffering from the condition, different pathophysiological mechanisms compared to atherosclerotic ACS, non-typical ACS patients (women aged 40–60 years of age without atherosclerotic risk factors), and procedural issues regarding interventional treatment. The confusion is further amplified by the misnomer “dissection” because the condition infrequently occurs as a consequence of a tear in the intimal layer that leads to blood accumulation in the media as was previously thought (inside–out theory). The dominant mechanism would be the rupture of vasa vasorum leading to hematoma formation in the media that compresses the coronary artery “true” lumen (outside–in theory) (1, 2). The predisposing factors associated with the condition are female gender, peripartum period, and fibromuscular dysplasia (FMD), and the patients usually do not have traditional atherosclerotic risk factors—heredity, smoking, hypertension, diabetes, or dyslipidemia. Although it is relatively rare in the overall population of ACS patients undergoing coronary angiography (2%–4%), its incidence among ACS patients younger than 50 years of age rises to 25%. Emotional and physical stressors may contribute to the development of SCAD (2).

Knowing these facts about SCAD, it is no wonder that adequate treatment may not be easily conceived. Due to many uncertainties regarding the etiology and clinical and angiographic presentation of the disorder, medical treatment poses a significant challenge. This is further amplified by the lack of randomized studies and large registries that could generate sufficient data to guide treatment. Although timely reperfusion in the case of ST-elevation myocardial infarction (STEMI) is the ultimate goal, it may not be easily achieved in SCAD. Stent implantation may cause hematoma propagation proximal and distal from the initial site and further compromise the lumen. On the other hand, SCAD can occur in multiple coronary artery territories, so the decision about the appropriate treatment [percutaneous coronary intervention (PCI) or surgery] may be perplexing (3).



Antiplatelet therapy in SCAD treatment

In patients presenting with ACS, the currently recommended medical treatment consists of dual antiplatelet therapy (DAPT) with aspirin and a potent P2Y12 receptor inhibitor (4). However, this therapy could cause harm in patients with SCAD, unless this included stent implantation. Based on the pathophysiology of the disease, medical treatment should aim for the preservation of flow in the affected artery and cessation of hematoma propagation, which may be conflicting goals to achieve. Fibrinolytic therapy has been shown to extend the dissection and worsen prognosis in these patients (3).

The reason for DAPT use in patients with SCAD may be caused by an idea to achieve platelet inhibition to prevent thrombosis, which is in concert with current guidelines for ACS patients in general (4). In a Swiss cohort of 107 patients with SCAD, 90% of them received DAPT consisting of aspirin and clopidogrel in 51% of cases and aspirin and ticagrelor in 40% of cases, despite that only a minority of them underwent revascularization [seven PCI and one coronary bypass grafting (CABG)] (5). However, imaging studies using optical coherence tomography (OCT) failed to demonstrate a significant thrombus burden in patients with SCAD. In patients where hematomas were fenestrated and communicated with true lumen, the incidence of thrombus on OCT was little more than 30%, while in the so-called “non-fenestrated” cases, the thrombus was seen in only 14% of cases (1). Knowing the etiology of SCAD and the findings of imaging studies, the role of thrombus formation in this entity is probably not very important. On the other hand, ACS as a condition provokes prothrombotic mechanisms regardless of the causative mechanism of coronary artery occlusion and flow impairment. The narrowing of the vessel itself activates inflammatory and immune mechanisms that could further aggravate vessel thrombosis regardless of the initial pathway that led to coronary ischemia and ACS (6). This may be the rationale for continuing DAPT in SCAD patients. Although a relatively small registry by Feldbaum et al. (7) has demonstrated that increased use of DAPT, the expanding knowledge regarding the etiology of SCAD, and more frequent use of intravascular imaging, which led to the foundation of the non-atherosclerotic nature of the disease, could provide more evidence that the less aggressive antiplatelet regimen could be equally effective in this type of ACS. The importance of this topic and the lack of available evidence was recognized by the European Society of Cardiology (ESC), which has included it in the “gaps in evidence” of the recently published guidelines on ACS. It has been suggested that the way to overcome this issue would be to start a randomized trial to evaluate different antithrombotic strategies in patients with SCAD (4). Due to the relatively small proportion of these patients in the ACS population that are frequently unrecognized, we will have to wait for a while before reaching the recommendation for the use of antithrombotic agents in these patients.

One of the relatively large registries of SCAD patients including 23 centers in Italy and Spain has found that DAPT may be harmful to these patients. The “DIssezioni Spontanee COronariche (DISCO)” registry included 314 patients where 199 were treated conservatively, of which 67 (33.7%) were treated with single platelet therapy (SAPT) and 132 (66.3%) were prescribed DAPT. Mostly, DAPT consisted of aspirin and clopidogrel (63%), while 38% of patients were prescribed a combination of aspirin and a potent P2Y12 inhibitor ticagrelor. In the SAPT group, aspirin was given in 93% of patients and ticagrelor in 6% of patients. After 1 year, DAPT was associated with a higher rate of major adverse cardiac events (MACE) compared to SAPT (18.9% vs. 6.0%; HR 2.62, 95% CI 1.22–5.61, P = 0.013). The difference in MACE rate was mostly due to non-fatal myocardial infarction (15.2% vs. 3.0%; HR 3.20, 95% CI 1.33–7.69, P = 0.009) and unplanned PCI (12.1% vs. 1.5%; HR 3.69, 95% CI 1.36–9.91, P = 0.01). Most of the events occurred within 1 month after initial hospital admission, and in the multivariable analysis, the prescribed DAPT was an independent predictor of events and was associated with more than four times higher risk of MACE (HR 4.54; 95% CI 1.31–14.28; P = 0.016). Interestingly, bleeding events were neither very frequent in any group, nor was DAPT associated with higher bleeding rates (8). The higher incidence of MACE can be explained by early hematoma propagation and further aggravation of ischemia that required intervention in the DAPT group where a significant proportion of patients received potent P2Y12 inhibitors (2). Also, the most frequent type of SCAD in this registry was type 2, both 2A and 2B, which encompassed around 60% of the cases in both groups. This type can further aggravate more significant stenosis and ischemia due to hematoma propagation under potent DAPT. Noteworthy, the SAPT group had more type 4 SCAD (SAPT 26.9 vs. DAPT 16.0%), which will not probably progress and cause new adverse events if left untreated (8). Other large registries have not found this association between antiplatelet therapy and MACE events. In a Swiss registry, almost 50% of patients received DAPT consisting of aspirin and ticagrelor or prasugrel. There was no difference in the MACE rate regarding the type of antiplatelet therapy prescribed (5).

A large Canadian registry that included 750 patients did not demonstrate adverse events related to the use of DAPT during 3 years of follow-up, although more than 80% of patients were treated conservatively. Over 90% were treated with aspirin, and 67.4% received clopidogrel or any other adenosine diphosphate (ADP) antagonist at hospital discharge. Interestingly in this large cohort, SCAD was confirmed using intracoronary imaging [intravascular ultrasound (IVUS), OCT] in less than 10% of cases, whereas 63.8% had preserved thrombolysis in myocardial infarction (TIMI) flow grade III at diagnostic coronary angiogram (9, 10).

When it comes to antiplatelet treatment in SCAD ACS, another important question arises: What is the optimal duration of DAPT? There is a consensus that patients who underwent PCI with stent implantation should be treated according to guidelines for ACS—12 months of DAPT (2, 4). On the other hand, it remains unknown how long to prescribe DAPT in patients who were treated conservatively after being diagnosed with SCAD and the ones who underwent balloon angioplasty with different kinds of devices (semi- or non-compliant balloons, scoring, or cutting balloons).

There is a clear trend toward spontaneous healing of SCAD lesions. We present the images of a 57-year-old female with treatment for hypertension, who presented with NSTEMI caused by SCAD in the left anterior descending territory. The patient underwent coronary angiography and was treated conservatively with DAPT consisting of aspirin and clopidogrel. Repeated coronary angiography and OCT showed angiographic healing and partial resorption of hematoma in previously healthy vessels (Figure 1).
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FIGURE 1
Coronary angiography and OCT of left anterior descending artery (LAD) SCAD in a 57-year-old lady. (A) Longitudinal OCT image 1 month after initial event with 3D flythrough showing persistent hematoma. (B) OCT cross-sectional image distal to SCAD lesion; (C) OCT cross-sectional at the level of hematoma; (D) OCT cross-section proximal to hematoma; (E) Coronary angiography of LAD [right anterior oblique (RAO)-cranial] at initial hospitalization; (F) Repeated coronary angiography 1 month later.


The data from the Canadian registry, which included more than 150 patients who underwent repeated angiography on the average of 154 days (IQR 70–604 days), showed a resolution of stenosis in most cases with residual stenosis dropping to 25.5% (IQR 12.0%–38.8%) and only minority of the angiograms with decreased TIMI flow grade of less than 3—10/182 lesions (5.5%) in SCAD containing vessel. The authors stated that angiographic healing occurred in 157 of 182 lesions (86.3%). It is worth noting that angiographic healing occurred in 95% of lesions on coronary angiographies performed within 30 days of the event (11). The angiographic follow-up in patients in the Swiss registry also revealed a low incidence of persistent SCAD [3/68 patients (4%)] in the conservatively treated group that underwent angiography at a median of 6 months (IQR 5.5–6.5 months) (5). In both registries, the overall incidence of MACE was low, and in the Canadian registry post-discharge, MACE incidence was 8.4% after 3 years of follow-up, while in the Swiss registry after a median of 7.5 years, MACE events occurred in 15/105 patients (14.2%) (5, 10).

The duration of DAPT should be tailored according to the incidence and timing of MACE events in SCAD patients during follow-up. Large registries reported relatively low mortality during long-term follow-up in this group of ACS patients with estimated survival greater than 90%. However, the overall MACE rates in SCAD patients are relatively high due to recurrent spontaneous dissections and target vessel failure (TVF) after PCI (2, 5, 8–10, 12). What is notable is the high incidence of MACE during initial hospitalization and up to 1 month of follow-up (10). Repeated SCAD, whether an extension of the initial injury or a new affection in a different territory, is one of the major characteristics of the disease. Its reported incidence varies from 42 patients (5.6%) in the Canadian registry, 11/105 patients in the Swiss registry up to 17% in the US registry (5, 10, 12). All this has to be taken into account when planning an antiplatelet strategy in a SCAD patient.

Recently adopted new interventional strategies, such as balloon angioplasty using a “cutting” balloon or treatment with a thrombus aspiration catheter to induce a tear that would allow hematoma emptying, present another challenge in tailoring antiplatelet treatment of SCAD patients (13, 14). It seems reasonable to treat these patients similarly to the ones with atherosclerotic disease who underwent plain old balloon angioplasty (POBA) in the early days of interventional cardiology. The suggested regimen then was 1-month DAPT and continued aspirin afterward (15) (Table 1).


TABLE 1 Overview of registries of patients with SCAD regarding BB and antiplatelet agents.
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Fibrinolytics in SCAD treatment

Although fibrinolytic therapy represents an appropriate option in patients with STEMI that cannot be treated with an invasive strategy in a timely manner, it may pose a significant problem for the SCAD patients suffering from this form of ACS (4). Knowing the nature of the hematoma formation and the possible absence of visible thrombus on intravascular imaging, one could expect that giving a fibrinolytic agent in SCAD patients could be associated with hematoma propagation and new formation as we have previously documented (3). On the other hand, prolonged ischemia could cause irreversible damage to the myocardium subtended by the coronary artery affected with SCAD. Although there are case reports demonstrating the benefits of fibrinolytics in SCAD STEMI, ESC has, in the position statement, deemed fibrinolytics contraindicated in SCAD patients (2). However, it may sometimes pose a challenge to discern a SCAD patient from an atherosclerotic STEMI patient. It is on the clinician to weigh the potential risks and benefits of fibrinolytic treatment in an unusual female STEMI patient without known atherosclerotic risk factors presenting with typical SCAD precipitating factors.



Anticoagulants in SCAD treatment

Most ACS patients receive anticoagulants according to current guidelines to treat ACS. After confirmation of SCAD using intravascular imaging, there is no indication to use anticoagulants, unless needed for prevention of thromboembolic events (atrial fibrillation, deep venous thrombosis). The same works for the patients who undergo PCI in SCAD, since relevant guidelines do not recommend anticoagulation after a successful PCI procedure (2, 4). This can be applied to most SCAD patients, but the ones that experience heart failure require mechanical circulatory support or mechanical ventilation and should be anticoagulated according to hospital protocols for the treatment of critically ill patients (20).



Beta-blockers in SCAD treatment

There is conflicting evidence regarding the use of beta-blockers (BB) in patients with SCAD despite intuitively beneficial effects on blood pressure and oxygen consumption reduction that could reduce the wall shear stress and contain the propagation of dissection. The idea to use BB in SCAD patients was extrapolated from the studies in patients with aortic dissection where the use of oral and intravenous BB had profound effects on morbidity and mortality (21). However, the etiological mechanisms are sometimes quite different between these two entities, except for aortic intramural hematoma that resembles the mechanism of SCAD formation.

The study by Saw et al. (22) demonstrated that the use of BB was associated almost threefold decreased risk of recurrent SCAD in a cohort of more than 300 patients, where the incidence of recurrent SCAD was around 10% and the authors specifically excluded the patients who were perceived with extension of previously diagnosed SCAD. However, the characteristics of this study group must be taken into account when discussing the use of BB in SCAD. Most of the patients presented as non-STEMI, whereas only a quarter of them had STEMI. Regarding risk factors, one-third of them were treated for hypertension, and a quarter had dyslipidemia. The average left ventricular ejection fraction (LVEF) was 57% with 21% with LVEF lower than 50%. Most of the patients had type 2 SCAD, and more than 60% of them had normal TIMI 3 flow (22). A recently published meta-analysis confirmed the beneficial effects of BB. The analysis that included 14 studies with more than 4,000 patients found that the use of BB (HR, 0.51; 95% CI, 0.33–0.77, P = 0.0013) was associated with a lower risk of SCAD recurrence (23). Based on these findings, BBs were used in more than 80% of patients long term in large contemporary registries (5, 8, 10). Despite compelling evidence on BB treatment in SCAD, their use could be limited by adverse effects such as bradycardia and hypotension, which may provoke vasospasm complicating conservatively treated SCAD. In patients with SCAD affecting the right coronary artery supplying the conduction system, BBs should be used with caution (Table 1).

We are awaiting the results of the first randomized trial on the use of BB and DAPT in patients with SCAD. This ambitious study, named BA-SCAD (BB and antiplatelet agents in patients with SCAD), plans to enroll around 600 patients in a 2 × 2 factorial design and randomize them to BB (yes/no) and a short course (1 month) and long course (12 months) of DAPT (24). The study will include only patients with LVEF greater than 50% since the ones with decreased systolic function should be treated according to current guidelines for myocardial infarction that recommend BB in patients with decreased LVEF (4).

The use of BBs in SCAD should be guided by measuring the potential benefits of their use against the risks and contraindications. In addition, one should bear in mind that SCAD patients are usually BB naïve and that treatment should be carefully tailored and monitored throughout the hospital stay.



Heart failure treatment in SCAD

There is a general agreement that angiotensin-converting enzyme (ACE) inhibitors, angiotensin-receptor blockers (ARB), mineralocorticoid antagonists, and loop diuretics should be used in patients with SCAD experiencing the symptoms of heart failure with rise in natriuretic peptides and decrease in LVEF below 50% (2, 25). The use of heart failure therapy in SCAD patients with normal LVEF cannot be justified. The use of ACE inhibitors or ARBs differs in registries of SCAD patients. In the DISCO study, there were no data on the use of heart failure medications, while in the study by Saw and associates, ACE inhibitors/ARBs were used in more than 60% of patients at discharge and more than 40% of them remained on this therapy after 3 years (8, 10). Interestingly, in the Swiss registry, the patients who experienced adverse events were less often treated with ACE inhibitors/ARBs, the difference that did not reach statistical significance [3/15 (21%) vs. 41/90 (46%); P = 0.09] (5). However, a SAFER-SCAD study (statin and ACE inhibitor on symptoms in patients with SCAD) (NCT 02008786) might provide answers on heart failure medication use in SCAD. The study was registered in 2013, but unfortunately, there has not been a paper published on this design yet. The purpose was to measure invasively coronary flow reserve (CFR) and index of microcirculatory resistance (IMR) in 40 SCAD patients at least 3 months after initial event and then to investigate prospectively in randomized fashion whether the addition of an ACE inhibitor or a statin to usual care in patients with ongoing chest pain and a CFR of <3.0 improves clinical status evaluated by Seattle Angina Questionnaire (SAQ) at 16 weeks compared to placebo (26). Since FMD has been frequently associated with SCAD, care should be taken when prescribing renin–angiotensin system inhibitors since there have been cases of significant renal artery stenosis associated with FMD (2, 27). These drugs should not be linearly prescribed to SCAD patients before a thorough evaluation of associated conditions that may interfere with the intended treatment.



Statins in SCAD

Intuitively, adding a statin to the initial treatment of SCAD associated with ACS seems reasonable from the standpoint of their pleiotropic effects on inflammation and angiogenesis (28). However, simple extrapolation from atherosclerotic coronary artery lesions may not be entirely justified.

Despite the prevailing opinion that SCAD patients do not have traditional atherosclerotic risk factors, including dyslipidemia, the data from the large registries demonstrate that these patients can often suffer from this disorder. The DISCO registry revealed that 37.2% of patients had dyslipidemia prior to the SCAD event (8). On the other hand, in the largest registry from Canada, only 20.3% were diagnosed with lipid disorders (10). Surprisingly, there were more than 60% of patients with SCAD from the Swiss cohort who were diagnosed with lipid disorder with an average low-density cholesterol (LDL) of 3.3 ± 0.9 mmol/L (5). If you decide to add statin to the medical treatment of SCAD patients, another question arises—what are the target levels of LDL that we want to achieve in SCAD? Should we follow the guidelines for ACS mdash;“strike early and strike strong”—or should we initiate moderate-intensity statin and then adjust therapy according to the obtained results (29)? We might get some of the answers to these questions from the results of randomized trials of BA-SCAD and SAFER-SCAD, but still, some of the dilemmas on statin use in SCAD ACS will remain.



How to treat SCAD medically?

Before presenting an opinion on the optimal medical treatment of patients with SCAD, it is important to disclose that there is still no randomized data regarding any medical treatment of SCAD. Our suggestion will refer only to patients with confirmed SCAD on imaging study (OCT or IVUS). Due to the low recurrence of SCAD, therapy might be limited to a shorter period of time compared to atherosclerotic ACS.

Antiplatelet agents should be prescribed in patients with SCAD, especially DAPT consisting of aspirin and clopidogrel and limited to 1 month based on the high incidence of recurrence of intimal tear in this period after the initial event. In patients presenting with large thrombus burden, after balloon angioplasty with non-compliant or cutting balloon, it seems reasonable to prescribe DAPT consisting of aspirin and clopidogrel also for 1 month. However, in patients without “high-risk features” such as concomitant atherosclerosis, large thrombus burden, critical stenosis that was left untreated, and significant flow impairment in affected coronary arteries, it would be prudent to prescribe SAPT consisting of only aspirin. If the affected vessel was treated with stent implantation, DAPT should be prescribed according to the guidelines for up to 12 months after the event. The potent P2Y12 inhibitors such as ticagrelor or prasugrel should be avoided because the potential benefits of powerful platelet inhibition would be offset by the risk of hematoma propagation.

Anticoagulation should not be routinely prescribed in SCAD patients unless indicated for thromboembolic prevention of deep vein thrombosis (DVT) or in patients having an episode of atrial fibrillation. In addition, anticoagulation should be used, according to hospital protocols, in patients who experience cardiogenic shock and are mechanically ventilated or treated with mechanical circulatory support.

Based on available data, BB agents should be used in treating SCAD patients. Caution should be employed when starting BB therapy due to the risk of bradycardia and hypotension. The therapy may be started using intravenous formulations of metoprolol or esmolol initially and then switching to oral preparations and long-acting agents with dose titration. BB should be continued for at least 6–12 months bearing in mind the time interval necessary for spontaneous healing of SCAD lesions.

If heart failure develops, it is indicated to start ACE inhibitors/ARBs, mineralocorticoid receptor antagonists, and diuretics according to current guidelines. Since FMD is frequently associated with SCAD, in patients diagnosed with FMD presenting with SCAD, care should be taken to exclude renal artery stenosis when using ACE inhibitors/ARBs. In addition, usual care is necessary to avoid hypotension, volume depletion, and worsening of renal function when starting heart failure medications in SCAD patients.

There is no clear evidence on the use of statins in SCAD. Based on the available data regarding the effects of statins on inflammation and angiogenesis in SCAD and bearing in mind the low incidence of adverse events associated with lipid-lowering medications, we advocate selective lipid lowering with statins in SCAD patients, possibly high doses with close monitoring of the effects and adverse events (Figure 2).


[image: Figure 2]
FIGURE 2
Proposed algorithm for medical treatment of imaging confirmed SCAD. *“high-risk” features—concomitant atherosclerosis, large thrombus burden, critical stenosis that was left untreated, and significant flow impairment in the affected coronary artery. AF, atrial fibrillation; BNP, brain natriuretic peptide; IV, intravenous; MCS, mechanical circulatory support; MRA, mineralocorticoid receptor antagonist.


Finally, it should be stated that optimal medical therapy for SCAD may not be easy to find despite the accumulation of evidence about its course and knowledge on disease pathophysiology. Probably, it will not be possible to have a randomized study that would encompass every aspect of medical treatment for this disease. Aggregation of data from national registries might point out truly beneficial medications for patients with SCAD.
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Spontaneous coronary artery dissection (SCAD), although in the majority of cases presents as an acute coronary syndrome (ACS), has different pathophysiology from atherosclerosis that influences specific angiography findings and enables most patients to be solved by optimal medical therapy rather than percutaneous coronary intervention (PCI). Therefore, accurate diagnosis is essential for adequate treatment of each patient as management of SCAD differs from that of ACS of atherosclerotic aetiology. So far, invasive coronary angiography remains the most important diagnostic tool in suspected SCAD. However, there are ambiguous cases that can mimic SCAD. In this review, the authors summarize current knowledge about the diagnostic algorithms, particularly angiographic features of SCAD, pitfalls of angiography, and the role of intracoronary imaging in the context of SCAD diagnosis. Finally, apart from the pathognomonic angiographic features of SCAD that are thoroughly discussed in this review, the authors focus on obscure angiography findings and findings that can mimic SCAD as well. Differential diagnosis and the timely recognition of SCAD are crucial as there are differences in the acute and long-term management of SCAD and other causes of ACS.
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Introduction

Spontaneous coronary artery dissection (SCAD) is an important cause of myocardial infarction (MI) and sudden cardiac death in young adults, particularly women. It is defined as spontaneous, acute, or subacute development of an intramural hematoma (IMH) with or without a tear of the tunica intima, leading to the formation of a false lumen that is not caused by atherosclerosis, trauma, or coronary manipulation. Compression of the true lumen leads to coronary insufficiency and typically presents with symptoms and signs of acute coronary syndrome (ACS) (1–3).

SCAD was first described in 1931 in the autopsy of a 42-year-old woman who died after a violent retching attack (4). Over the following decades, only isolated cases of SCAD were described, and with the development of invasive diagnostic and therapeutic procedures, it turned out that SCAD is much more frequent and challenging to diagnose and treat than previously thought (2).

Establishing an accurate diagnosis of SCAD as a cause of MI is challenging but, at the same time, crucial, given the different therapeutic approach compared to atherosclerotic ACS both acutely and in long-term follow-up (5, 6). Currently, invasive coronary angiography (ICA) is the gold standard for the diagnosis of SCAD, especially when combined with intracoronary imaging. However, it is associated with considerable risk of intramural hematoma and dissection propagation. Therefore, being non-invasive, computed tomographic coronary angiography (CTCA), with the improvement in techniques and protocols in recent times, has been emerging as a valid alternative to ICA for both diagnosis and even more for the follow-up (7, 8). Still, the main limitation of CTCA is the lower spatial resolution, which limits the evaluation of the distal segments of the coronary arteries, which are often affected in SCAD (9, 10). In addition, SCAD is a common coronary aetiology in the setting of MINOCA (Myocardial Infarction with Non-Obstructive Coronary Arteries) and cardiac magnetic resonance (CMR) could be useful to determine the nature of myocardial injury due to SCAD or other coronary differential diagnoses (11, 12).

Regarding the management, current European and American experts' consensus documents on SCAD recommend conservative treatment whenever possible, given the lower angiographic success and a higher complication rate of percutaneous coronary intervention (PCI) compared to those obtained in atherosclerotic disease (5, 13). Moreover, conservative treatment is associated with complete coronary healing in most cases and subsequently followed with favourable outcome (1, 5, 13–15). However, when indicated, particularly in SCAD patients presenting with STEMI and impaired coronary flow, PCI is inevitable, and effective in the substantial majority of patients, with similar in-hospital mortality and even better long-term outcomes compared with PCI for atherothrombotic STEMI (16, 17). These findings support the value of PCI in selected patients with SCAD.

In this review article, the authors summarize the current knowledge about the aetiology, epidemiology, pathophysiology, clinical presentation, risk factors, diagnostic algorithm, specifically the angiographic findings in SCAD, the angiographic pitfalls, the role of intracoronary imaging in the context of the diagnosis of SCAD and the currently recommended treatment.


Epidemiology

According to available data, SCAD is estimated to account for 1% to 4% of ACS cases overall, up to 35% of ACS events in women younger than 50 years (16), and 23% to 68% of ACS in pregnancy (18). SCAD has been reported, although rarely, in both young adults (under 25 years) and teenagers, especially if there is no pregnancy or hereditary connective tissue disease, and it is also scarce in very old patients (over 80 years) (19). The true prevalence and incidence in the general population is, for now, unknown. With technological advances and physician awareness of SCAD as a possible cause of ACS, its existence is increasingly being recognized (20).



Pathophysiology

The pathophysiology of SCAD is still hypothetical, and two mechanisms of its occurrence have been proposed based on imaging techniques and histopathology. The first “inside-out” mechanism explains that the tear in the tunica intima is responsible for the entry of blood and the separation of the tunica intima and tunica media. The second, more probable “outside-in” mechanism, explains that rupture of the vasa vasorum in the tunica adventitia is responsible for bleeding in the arterial wall leading to the formation of intramural hematoma (IMH). Either of these two mechanisms leads to acute or subacute false lumen formation which expands both longitudinally and circumferentially and compresses the true lumen leading to coronary ischemia and acute MI (21, 22).



Anticipating SCAD before coronary angiography

Although the definite diagnosis of SCAD can be made exclusively by performing coronary angiography, with or without the aid of intravascular imaging, there are some inciting factors, associated conditions, and precipitants that will point to possible SCAD diagnosis before coronary angiography is done. In particular, the link between female gender, pregnancy, fibromuscular dysplasia (FMD) and SCAD has been established in multiple series.


Female gender

According to available data collected from observational studies (Table 1), more than 90% of patients with SCAD are perimenopausal women, with an average age of 47–53 years, and a high percentage (90%) of associated FMD. Occurrence in men is less studied and shows different risk factors than in women, with 44% of cases associated with heavy lifting or isometric exercise. Men also report fewer traditional female-associated risk factors for SCAD, such as depression, anxiety, emotional stress, and migraines (34, 35).


TABLE 1 The main contemporary case series with spontaneous coronary artery dissection (SCAD), clinical and angiographic presentation, initial management and the outcome.
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Pregnancy and sex hormones

Pregnancy-related SCAD accounts for approximately 10% of SCAD cases. However, one-third of ACS in pregnancy and almost half of ACS in the postpartum period are due to SCAD. Furthermore, most pregnancy-related SCAD occur in the first week after delivery, when estrogen and progesterone levels decline (3, 36). This association with pregnancy highly suggest a pathophysiological role of female sex hormones. However, this hormonal hypothesis has been challenged by a few studies demonstrating that the rate of hormonal contraception, hormone replacement therapy, nulliparity and multiparity did not differ between SCAD patients and the general population (13, 37). It is also unclear whether the absolute levels or fluctuations in circulating estrogen and progesterone influence the SCAD the most. Furthermore, estrogen level reduction in the premenstrual, late luteal phase, has been studied in patients with coronary vasospasm and migraines (38, 39). The precise nature of this relationship remains to be elucidated but may relate to changes in the intima-media composition, vessel microvasculature or vascular connective tissue.



Systemic connective tissue diseases

Patients with systemic connective tissue diseases associated with arteriopathy or arterial dissection, such as Marfan, Ehlers-Danlos, and Loeys-Dietz syndrome, account for less than 5% of SCAD patients (6). According to registries, more than 50% of patients with SCAD who underwent imaging for extra-coronary vascular abnormalities have FMD. It is defined as a non-inflammatory, non-atherosclerotic condition diagnosed primarily in women and characterized by abnormal proliferation of one or more layers of the arterial wall, resulting in arterial stenosis, dissection, and aneurysms of medium-sized arteries. Other vascular findings in patients with SCAD include cerebral and visceral aneurysms, dissections, pseudoaneurysms, and arterial tortuosity in patients with and without diagnostic criteria for FMD. Analysis of several cohort studies concluded that systemic inflammatory diseases are associated with SCAD in less than 5% of cases, unlike FMD (19, 40).



Genetics

Although genetic predisposition is suggested in a very small number of cases, including first- and second-degree relatives, SCAD does not appear to be a strongly inherited condition. The association of SCAD with congenital connective tissue diseases and arteriopathies has been described, however, genetic mutations are rare and are most often expressed in Ehlers-Danlos, Loeys-Dietz, Marfan syndrome, Autosomal dominant polycystic kidney disease and Pseudoxanthoma elasticum. Although no single SCAD gene has been described yet, research has identified individual risk loci with potential genes that carry a biological and pathophysiological risk, including those associated with FMD and other vascular disorders. Routine genetic testing is not currently recommended but may be considered in SCAD survivors with suspected connective tissue diseases or hereditary arteriopathies (3, 41).



Migraines

The results of several studies have shown that endothelial dysfunction in migraine plays a role in conditions such as stroke and cervical arterial dissection, which correlates with the pathophysiology of SCAD (42, 43).



Emotional or physical stress as precipitating factors

Up to two-thirds of patients with SCAD have a history of stressors that preceded chest pain. In women, it is most often emotional stress, while in men it is most often physical stress, including isometric exercises and heavy lifting. One hypothesis is that these precipitating factors lead to a catecholamine storm, which increases coronary afterload leading to intimal rupture or vasa vasorum disruption (44, 45). Similar pathophysiologic mechanism is believed to be responsible for Takotsubo cardiomyopathy, influencing some overlap in the clinical presentations of these two entities. Moreover, there are described cases with both conditions in the same setting (45, 46).




Clinical presentation

SCAD most commonly presents with chest pain and other common symptoms of ACS, with electrocardiographic changes directing to MI with ST-segment elevation (STEMI) registered in 26-58.7% of cases overall and up to 75% in pregnancy-associated SCAD (14, 28, 47, 48). However, SCAD can also present as cardiogenic shock, ventricular arrhythmias or sudden cardiac death (49, 50). SCAD patients are younger, more often female, and have fewer traditional cardiovascular risk factors than patients with atherosclerotic ACS. Pregnancy-related SCAD has a more severe clinical course and usually presents as STEMI, particularly anterior, with left main and multivessel involvement (48, 51). Therefore, resulting in a more extensive myocardial injury, it is associated with an increased incidence of cardiogenic shock requiring mechanical circulatory support, and cardiac transplantation, leading to a higher maternal and fetal mortality rate (48). The presence or absence of traditional cardiovascular risk factors is not very useful for examining the likelihood of SCAD. Despite the low burden of common risk factors compared to atherosclerotic ACS, patients with SCAD are not free of them. The prevalence of hypertension is about 30%, dyslipidemia is present in a range of 20%–35%, while diabetes is uncommon (less than 5%) (37, 48, 52). However, it is documented that the younger the patient is and the lower the number of traditional risk factors, the greater the probability of SCAD (52).



Angiographic finding in SCAD

To establish the diagnosis of SCAD, apart from common ACS clinical presentation and predisposing factors such as female gender and FMD that can increase the likelihood of SCAD, coronary angiography with or without adjunctive intravascular imaging is still crucial for accurate diagnosis. Nevertheless, three typical angiographic patterns of SCAD were proposed by Saw to aid the diagnosis (22, 53).

Type 1 accounts for about one-third of cases (16, 54), and represents the pathognomonic finding with multiple radiolucent lumen of linear filling defect (recognizable true and false lumen), usually with contrast dye staining in the false lumen. This appearance of SCAD is caused by the presence of an intimal tear which is identified in approximately 30% of SCAD cases (Figure 1, Figure 2A).
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FIGURE 1
From pathophysiology to diagnosis.
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FIGURE 2
The angiographic appearance of SCAD. (A) Type 1-recognizable radiolucent flap; (B) type 2a-smooth diffuse stenosis with lumen restoration in the distal segment; (C) type 2b-smooth diffuse stenosis extending till the end of the artery; (D) type 3-resembling atherosclerosis; (E) type 4-distal occlusion; (F) an example of hybrid type SCAD- Type 2 in mid to distal segment with the transition to the Type 4-distal occlusion (dotted line depicts missing LAD).


Type 2 is the most common pattern (two-thirds of cases, Table 1) (16, 54), characterized by an abrupt change in the arterial calibre causing long and smooth stenosis caused by IMH, that tapers distally. It is located predominantly in the transition from mid to distal segments, most frequently affecting LAD. It is divided into Type 2a when there is restoration of the normal vessel in the distal segment (Figure 1, Figure 2B), and Type 2b, when the stenosis extends till the end of the artery (Figure 1, Figure 2C).

Type 3 is the least common (less than 5%) (16, 54), resembles atherosclerotic plaque with underlying focal, more localized IMH, thus difficult to diagnose without the assistance of intravascular imaging (Figure 1, Figure 2D).

This Yip-Saw classification (22) is mainly focused on the most common angiographic findings and is particularly helpful in recognizing Type 2 SCAD once interventional cardiologists become familiar with the pattern. Some authors, however, prefer the pathological description (presence of intimal tear or fenestrated SCAD vs. IMH or non-fenestrated SCAD) over Yip-Saw “type” classification, given the finding of a retrospective studies showing that isolated IMH (corresponding to angiographic SCAD type 2 and 3) carries a higher risk of SCAD extension and clinical deterioration, while intimal tear (fenestrated SCAD, angiographic type 1) may have a protective role in some patients possibly via decompression of IMH into the lumen (23, 30, 32). Although the registries have found increased incidence of MACE in patients with IMH type of SCAD the burden of evidence does not allow to discriminate this type as the one with higher risk of events. Detailed evaluation with intracoronary imaging is needed to define its type and to identify high-risk features associated with more adverse events. Furthermore, SCAD is a highly dynamic process, fenestrated and non-fenestrated SCAD may be considered as two distinct pathological manifestations of the same substrate, with IMH that may precede intimal tear, which is consistent with the “outside-in” theory of SCAD occurrence. Therefore, for better understanding and decision-making process, Yip-Saw classification (22) is the preferred one.

Recently, additional Type 4 SCAD has been proposed to describe total occlusion, usually of a distal vessel, a pattern particularly challenging to diagnose (Figure 1, Figure 2E) (55).

However, all these types can coexist in the same vessel, generating hybrid types (Figure 2F).

Although SCAD has been reported in all coronary arteries, sporadically even simultaneously (contiguous or non-contiguous), LAD is the most affected artery (5, 24, 54). Regarding coronary segments, SCAD has a predilection for more distal coronary segments (5, 54) in contrast to atherosclerosis, particularly Type 2 and 4 SCAD. On the contrary, type 1 SCAD generally affects proximal segments. Another angiographic feature favouring SCAD is the absence of atherosclerotic lesions in coronaries unaffected by SCAD (5, 52). Furthermore, the angiographic ambiguity of SCAD is constrained by side branches, which appear to provide resistance to further longitudinal extension (52). It is also demonstrated that SCAD happens more often in patients with tortuous arteries. Moreover, severe tortuosity (≥2 consecutive curvatures ≥180°) was associated with a three times higher risk of recurrent SCAD (10).



Differential diagnosis of SCAD

Although the angiographic features of SCAD are characteristic, several potential pitfalls and essential differential diagnoses should be considered.

Type 1 angiographic appearance of SCAD is pathognomonic, usually developing in the late disease course, probably due to decompression of the false lumen hematoma into the true lumen. However, this angiographic finding has several mimickers, such as spontaneous recanalized coronary thrombus (SRCT) (56, 57) (Figures 3, panels B1, 2), atherosclerotic plaque rupture or erosion with apposition of thrombi (Figures 3, panels C1, 2), or even iatrogenic coronary dissection (Figures 3, panel D).
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FIGURE 3
The angiographic differential diagnosis for type 1 SCAD. (A1) Type 1 SCAD with linear filling defect in mid-LAD. (A2) OCT finding in Type 1 SCAD- clear evidence of a small true (arrow) and a big false lumen with the OCT probe situated in the true lumen. (B1) Angiographic finding in spontaneous recanalized coronary thrombus (SRCT) in the mid and distal right coronary artery resembles SCAD. (B2) OCT finding in SRCT depicts a typical honeycomb-like structure. (C1) Angiographic finding in atherosclerotic acute coronary syndrome with plaque erosion and subsequent thrombus apposition. (C2) OCT finding corresponding to panel C1 with evidence of plaque erosion and intraluminal thrombi. (D) Angiographic finding in iatrogenic coronary dissection caused by guiding catheter, a picture resembling SCAD Type 1.


SRCT is a rare condition characterized by multiple communicating channels divided by thin septa, usually termed a „honeycomb-like“ structure, „lotus root“ appearance, or „Swiss cheese“ pattern. The proposed mechanism of SRCT is the recanalization of an in-situ thrombus, formating several lumens which differ in size. To distinguish these two diagnoses, high-resolution intracoronary imaging techniques, intravascular ultrasound (IVUS) or optical coherence tomography (OCT), can be helpful (Figures 3, panels B1–2). Interestingly, “lotus root” pattern was recently observed in a patient with SCAD, possibly as a result of uncommon remodelling and healing pattern of subacute or chronic SCAD. (58)

Rupture or erosion of atherosclerotic plaque resulting in intraluminal thrombus formation can mimic type 1 SCAD as well (Figures 3, panels C1–2). Furthermore, contrast penetration into the atherosclerotic plaque core causing a localized plaque-associated dissection can resemble contrast penetration into the false lumen of a Type 1 SCAD. Although intraluminal thrombus might be seen in the occlusive (Type 4) SCAD, the presence of substantial thrombus and distal embolization should divert diagnosis to ACS caused by typical mechanisms, atherosclerotic plaque rupture or erosion. These two entities, although resembling angiographically, can be easily separated by intravascular imaging techniques (Figures 3 A1–2, C1–2).

Another feature similar in angiographic appearance to type 1 SCAD is iatrogenic coronary artery dissection (Figures 3, panel D). Furthermore, SCAD is associated with an increased risk for iatrogenic dissection (59), either due to the vulnerability of such coronary artery with predisposing arteriopathies, particularly FMD or due to the injury of thin intima with preexisting hematoma. Both deep guiding catheter intubation and the jet of contrast injection can make a tear into the vessel wall creating a typical picture of a dual (true and false) lumen. Other mimickers of SCAD type 1 include different contrast flow patterns simulating a linear filling defect, usually due to insufficient contrast volume or flow, and can easily be distinguished from SCAD by an experienced interventional cardiologist and by giving a more fulsome, generous contrast injection.

Type 2 SCAD is the most common (Table 1), angiographically displayed with long and smooth stenosis. The most common mimickers of SCAD type 2 are coronary vasospasm and atherosclerosis. Coronary vasospasm can be focal, resembling SCAD type 2a or diffuse, extending distally as in type 2b SCAD. However, intracoronary nitroglycerine administration can reveal coronary vasospasm without difficulties (Figure 4).


[image: Figure 4]
FIGURE 4
Epicardial coronary vasospasm mimics type 2 SCAD. (A) Diffuse LAD stenosis resembling Type 2 SCAD. (B) Restoration of vessel lumen after nitroglycerin administration confirms the epicardial vasospasm diagnosis.


Atherosclerosis is the most common differential diagnosis of Type 2, particularly Type 3 SCAD. Short stenosis with underlying hematoma in Type 3 SCAD is often misdiagnosed by coronary angiography unless an intravascular imaging technique is used (Figure 5). Intravascular ultrasound (IVUS) and optical coherence tomography (OCT), each with specific advantages and disadvantages, are valuable for diagnostic uncertainties. IVUS, as the first intravascular imaging device that was introduced in 1980s (60), has greater depth penetration, enabling complete visualization of the vessel wall to the external elastic lamina. At the same time, it has limited spatial resolution (150 μm) and is insufficient to distinguish SCAD from lipid-rich atheroma and for identification of subtle features associated with SCAD (intimal-medial membrane, small fenestrations between true and false lumens) (Figure 6). A typical IVUS feature, the white-black-white appearance (1) of the intimal-medial membrane, is pathognomonic for SCAD but not often seen. However, the main advantage of IVUS is that complete blood clearance with high-pressure contrast injection is not required. On the other side, OCT has the edge over IVUS due to the higher spatial resolution (15 μm), which enables to identify SCAD related features (61), distinguishing true and false lumen, the extent of the false lumen, whether it is circumferential or not, the “entry points” connecting true and false lumen, presence of intraluminal thrombi (Figure 7). The main pitfall of OCT is the necessity of blood clearance with a high-pressure contrast injection which portends the risk of false lumen extension, particularly in Type 1 SCAD.
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FIGURE 5
Atherosclerosis versus SCAD. (A1) Ramus intermedius lesion resembling atherosclerotic plaque rupture. (A2) OCT image demonstrating SCAD with intima-media complex dehiscence (arrow). (B1) Left anterior descending (LAD) lesion in proximal segment. (B2) OCT evidence of atherosclerotic plaque rupture (arrow). (C1) Haziness in proximal LAD. (C2) Plaque erosion with apposition of thrombi (asterisks).
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FIGURE 6
Intravascular ultrasound (IVUS) image of spontaneous coronary artery dissection (SCAD). (A) Intramural hematoma with the dissection entry (arrow). (B) ChromaFlow highlighting blood flow within intramural hematoma (IMH) with red color (arrow). (C) True and false lumen (yellow field) with the IVUS probe in the true lumen. (D) IMH in the left main resembles lipid-rich atheroma. Careful analysis of the entire pull-back length may be required in such cases.
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FIGURE 7
Optical coherence tomographic (OCT) imaging of SCAD. (A) A typical picture of the true and false lumen with visible dissection entry (asterisk). (B) True and false lumen without connection and with OCT probe situated within the true lumen. (C) IMH with incomplete dehiscence of the true lumen from the vessel wall. (D) Circumferential intramural hematoma (IMH) with complete dehiscence.


Recently described, Type 4 SCAD, characterized by a total occlusion of a distal vessel, is particularly ambiguous, usually misdiagnosed as atherosclerotic plaque rupture with thrombus formation as in STEMI and thus systematically treated with PCI. Coronary embolization from an upstream source of thrombi, such as prosthetic, mechanical valves or rheumatic valves, coronary aneurysms, or paradoxical embolization, can mimic Type 4 SCAD as well. Nevertheless, thorough anamnesis, inciting risk, and precipitating factors can raise suspicion of SCAD. Restoration of blood flow after wiring the artery can unmask typical SCAD features and, if combined with intracoronary imaging techniques, might enable definite SCAD diagnosis. If treated conservatively afterwards, complete vessel healing follows the natural SCAD process. Additionally, Type 4 frequently coexists with other types, either following Type 1, which can be the source of an embolus or continuing to other types, in which case IMH proximal to the occlusion can be detected by intravascular imaging techniques (Figure 8). SCAD progression from Type 1, 2 or 3 to Type 4 is also possible, particularly during a watchful waiting strategy in severe forms of SCAD (Figure 9).


[image: Figure 8]
FIGURE 8
Hybrid SCAD diagnosed by IVUS. (A) Baseline angiography, dotted line depicts missing distal left anterior descending (LAD) artery. (B) flow restauration after wiring. (C-a) Distal, not diseased LAD. (C-b) Distal LAD with a visible true and false lumen. (C-c) IMH from 9 to 3 o’clock and dissection entry (*). (C-d) IMH in the left main (from 10 to 5 o’clock).
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FIGURE 9
Progression of SCAD. (A1) SCAD Type 2a in distal left anterior descending (LAD) artery (arrow), referred for OMT. (A2) SCAD Type 2a in left circumflex (LCX) artery (arrow), referred for OMT. (B1,B2) Progression to SCAD Type 4 during watchful waiting strategy-dotted lines depict missing LAD (B1) and missing LCX (B2). (C1, C2) Final result after PCI.




Management

Given the complex pathophysiology of SCAD and the natural tendency for spontaneous healing, conservative management is the recommended strategy in stable SCAD. In contemporary cohorts (Table 1), conservative management was successful in more than 80% of medically managed patients (37), with angiographic evidence of healing within weeks to months (14, 27). Furthermore, revascularization with PCI is associated with a higher complication rate and a lower procedural success rate and does not protect against repeat revascularization or recurrent SCAD (14).

The goal of medical therapy early after SCAD diagnosis is to relieve the symptoms (particularly chest pain), manage blood pressure and to prevent SCAD extension and recurrence. Due to the lack of randomized trials, management is primarily based on expert consensus.

Although SCAD presents with ACS, if not treated with PCI, due to the distinct pathophysiology from atherosclerotic ACS, the use and duration of dual antiplatelet therapy (DAPT) is controversial. On the one hand, it is believed that the presence of intimal tear can be prothrombotic, influencing, though very rarely, luminal thrombus formation (62), justifying DAPT (acetylsalicylic acid and clopidogrel) in the acute phase. On the other hand, IMH propagation can be stimulated with antiplatelet and anticoagulant medication. Therefore, the general consensus is to avoid anticoagulant therapy and to shorten DAPT duration (up to 4 weeks) (6, 13) unless there is an unequivocal indication for anticoagulant treatment (atrial fibrillation, left ventricular thrombus). Long-term acetylsalicylic acid may be reasonable in patients with FMD or evidence of atherosclerosis on intravascular imaging.

Angiotensin-converting enzyme inhibitors, angiotensin receptor antagonists, mineralocorticoid receptor antagonists, and beta-blockers are recommended in SCAD patients with significant impairment of left ventricular systolic function according to heart failure guidelines (63). Due to the possible protective role of beta-blockers for SCAD recurrence, beta-blocker should be considered in all patients (3). The rationale for statin therapy in SCAD patients is unknown, and it is reserved for patients with preexisting dyslipidemia.

In hemodynamically unstable patients with ongoing ischaemia and impaired distal coronary flow, and when high-risk anatomic features (left-main involvement or multivessel SCAD) are anticipated, revascularization should be an option (5, 21). Additional risks might be encountered during PCI, from wiring the false lumen, inadequate stent sizing and expansion, iatrogenic dissection, hematoma propagation, side branch occlusion, and late stent malapposition after IMH resorption. Thus, intravascular imaging is highly endorsed to guide the procedure.

The main objective of PCI should be the restoration of blood flow mainly with plain old balloon angioplasty (POBA), preferably by a cutting balloon for hematoma fenestration and depressurizing the false lumen. If the decision to implant stent is undertaken, to avoid hematoma expansion, it is advisable to perform direct stenting, either with one longer stent or with a three-stent technique, covering distal and proximal dissections edges before stenting the intermediate segment (64). The use of bioresorbable stents may be beneficial by providing a temporary scaffolding of the vessel and avoiding late stent malapposition after IMH resorption (65).

Regarding revascularization options, PCI is recommended over coronary artery bypass grafting (CABG). The latter is reserved for PCI failure or when there is a substantial myocardium at risk (left main bifurcation involvement or multivessel SCAD) (21). In these circumstances, venous grafts are preferable, given the risk of graft failure due to the healing of the native coronary arteries and subsequent competitive flow.

Cardiogenic shock (CS) can complicate SCAD. The true prevalence of CS in SCAD patients is unknown (5, 13). However, Lobo et al. (17) reported that the prevalence of CS in SCAD presenting with STEMI is twice that of atherothrombotic STEMI (19% vs. 9%) and most often associated with left main dissection. An even higher prevalence of CS in SCAD is described in a systematic review of 120 pregnant women, with 24% presenting with cardiogenic shock and requiring mechanical circulatory support (MCS) and subsequent revascularization or heart transplantation (48). The utility of MCS in patients with SCAD is mainly based on several case reports documenting successful use of intra-aortic balloon pump (IABP), Impella, venoarterial extracorporeal membrane oxygenation (VA-ECMO), or left ventricular assist device (LVAD), either as a bridge to recovery or heart transplantation (48, 50, 66, 67).



Outcomes and follow-up

In SCAD survivors, long-term mortality is very low (Table 1), with a 10-year survival rate of 92% in the USA Mayo Clinic series (68) to 100% survival rate in Swiss series with a median follow-up of 4.5 years (27). However, the overall major adverse cardiac events (MACE) in these patients are common but with considerable variation between published series, ranging from 14.6% of 6-year MACE in the Italian series (24) to 47.4% of 10-year MACE in the US series (68). MACE is primarily driven by target vessel revascularization in PCI-treated SCAD and SCAD recurrence. The recurrence rate has been estimated to diverge (Table 1) from 2% in a 2-year follow-up (32) to 27% in a 5-year follow-up (21). Recurrent SCAD often involves new territory and may manifest as a different angiographic type than previously. The main contributors to SCAD recurrence are hypertension (28), and severe coronary tortuosity (10), while beta-blocker use may be protective (28).

Given the known risk for catheter-induced iatrogenic dissection in SCAD patients (59), routine angiographic follow-up is not recommended. For that purpose, CCTA, although with limited potential in the diagnostic algorithm (69), can be a valuable option to confirm SCAD healing, particularly in SCAD type 1 (7, 8). However, further data is needed before CCTA can be recommended for SCAD follow-up.




Conclusion

Spontaneous coronary artery dissection is a common cause of myocardial infarction in young adults, particularly women. Distinct from atherosclerotic ACS by pathophysiology, with several non-traditional risk factors and associated conditions that can increase the likelihood of SCAD, the final diagnosis is made by coronary angiography with or without intravascular imaging techniques. However, apart from well-known SCAD angiographic patterns, occasionally, it is challenging to distinguish it from atherosclerotic plaque rupture or erosion, coronary vasospasm, spontaneous recanalized thrombus, embolism or iatrogenic dissection. Therefore, intravascular imaging is advisable to confirm SCAD-specific features such as intramural hematoma or intimal tear with a clear recognition of true and false lumen. Finally, timely and accurate diagnosis is essential as there are differences in the acute and long-term management of SCAD and other causes of ACS, with the recommendation for conservative management of SCAD whenever possible.
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Introduction: Spontaneous coronary artery dissection (SCAD) accounts for 1%–4% of cases of acute coronary syndrome (ACS). SCAD is caused by separation occurring within or between any of the three tunics of the coronary artery wall. This leads to intramural hematoma and/or formation of false lumen in the artery, which leads to ischemic changes or infarction of the myocardium. The incidence of SCAD is higher in women than in men, with a ratio of approximately 9:1. It is estimated that SCAD is responsible for 35% of ACS cases in women under the age of 60. The high frequency is particularly observed during pregnancy and in the peripartum period (first week). Traditional risk factors are rare in patients with SCAD, except for hypertension. Patients diagnosed with SCAD have different combinations of risk factors compared with patients who have atherosclerotic changes in their coronary arteries. We presented the most common so-called “non-traditional” risk factors associated with SCAD patients.



Risk factors and precipitating disorders which are associated with SCAD: In the literature, there are few diseases frequently associated with SCAD, and they are identified as predisposing factors. The predominant cause is fibromuscular dysplasia, followed by inherited connective tissue disorders, systemic inflammatory diseases, pregnancy, use of sex hormones or steroids, use of cocaine or amphetamines, thyroid disorders, migraine, and tinnitus. In recent years, the genetic predisposition for SCAD is also recognized as a predisposing factor. The precipitating factors are also different in women (emotional stress) compared with those in men (physical stress). Women experiencing SCAD frequently describe symptoms of anxiety and depression. These conditions could increase shear stress on the arterial wall and dissection of the coronary artery wall. Despite the advancement of SCAD, we can find significant differences in the clinical presentation between women and men.



Conclusion: When evaluating patients with chest pain or other ACS symptoms who have a low cardiovascular risk, particularly female patients, it is important to consider the possibility of ACS due to SCAD, particularly in conditions often associated with SCAD. This will increase the recognition of SCAD and the timely treatment of affected patients.



KEYWORDS
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1. Introduction

Approximately 1%–4% of patients diagnosed with acute coronary syndrome (ACS) are predicted to have spontaneous coronary artery dissection (SCAD), which challenges the perception that SCAD is a rare disease. SCAD is characterized by separation occurring within or between any of the three tunics of the coronary artery wall which is not caused by trauma. Thus, the formation of an intramural hematoma and/or false lumen occurs, resulting in myocardial infarction (MI) in the form of either STEMI (up to 37%) or NSTEMI (53%–59%). In addition, it leads to sudden cardiac death in 3.6%–10% of cases (1, 2).

SCAD is not associated with coronary atherosclerosis and lipid accumulation. The development of SCAD is explained with two theories. The first theory explains that the formation of intramural hematoma is caused by the tearing of the innermost tunica of the coronary artery, while the second theory is focused on the outer layer and the rupture of its blood vessels, resulting in similar consequences (3, 4).

After careful examination of coronary angiograms, the frequency of SCAD was reported to be between 23% and 36% in women under the age of 60. This high prevalence indicates that this condition is frequently misdiagnosed (2, 5). During pregnancy or the peripartum period, ACS is caused by SCAD in up to 43% of cases (1, 6, 7).

SCAD predominantly affects the left anterior descending artery, in approximately 50% of cases, with the left circumflex and right coronary arteries being affected subsequently. Over 90% of patients experience dissection in the mid and distal segments of epicardial arteries, while 13% of cases involve the left main artery, and approximately 5%–10% of cases affect two or more coronary arteries (4).

In most prospective registries, SCAD is most frequently diagnosed in Caucasians and predominantly in women compared with men (9:1). In certain observational cohorts, there is a deviation from the typical trend, with men being more frequently diagnosed with SCAD than previously reported. In one study with more than 30,000 patients with ACS, even 1.2% of patients were found to have a diagnosis of SCAD, with males accounting for 35.7% of these cases (1, 8). Published literature indicates that men with SCAD were significantly younger than women (approximately 48 vs. 52 years).

The pathophysiology of SCAD is remains uncertain; however, it is possibly that a combination of risk factors with predisposing conditions and precipitating factors facilitate its development. A few risk factors such as female sex, pregnancy, and fibromuscular dysplasia (FMD) are strongly linked with SCAD in multiple studies. The link between SCAD and other reported associated conditions or risk factors has not been established, as previously mentioned (Figure 1) (10).


[image: Figure 1]
FIGURE 1
Risk and precipitating factors for SCAD.


SCAD is often referred to as disease in patients without the traditional risk factors for coronary artery disease (11). However, traditional risk factors such as hypertension, hyperlipidemia, smoking, and obesity are present in those patients. Further, hypertension is found in almost similar percentage of patients with SCAD compared with age-matched population. The presence of traditional risk factors does not exclude the diagnosis of SCAD in young patients with ACS (12).

SCAD-related risk factors such as migraine and FMD should be determined with the goal of precise and prompt diagnosis, adequate therapy, and prognosis in this potentially fatal and recurrent disease. In addition, it is crucial to recognize the preceding precipitants that trigger SCAD, such as physical or emotional distress, which are more prevalent in SCAD than in ACS caused by atherosclerosis, for comprehensive management. Recently published studies have shown that emotional stressors are more prevalent in SCAD than in MI caused by atherosclerosis (56% vs. 17%), and similarly, physical exertion are more prevalent in SCAD than in MI caused by atherosclerosis (24% vs. 14%) (3).

We present the review of the prevalent non-traditional risk factors associated with SCAD, which are important for diagnosis, treatment, individual rehabilitation programs, and ultimately, patient prognosis.


1.1. Female sex and pregnancy

The highest percentage of SCAD patients (approximately 90%) are perimenopausal women. The predominance of females among SCAD patients and its high prevalence in pregnancy suggest that sex hormones play a significant role in the pathophysiology of this condition. The precise mechanisms of this pathophysiology association are still undetermined. Female sex hormones have an impact on arterial connective tissue and microvasculature. The obtained results suggest that the risk factors for SCAD in pregnancy (P-SCAD) include having more than one pregnancy, using sex hormones for in vitro fertilization (IVF), and having pre-eclampsia (6, 10).

Most events are reported during the last trimester and during the first week of the postpartum period. SCAD may occur even in the late postpartum (6–12 months) period, and it is linked with breastfeeding (10). A comprehensive study conducted in Canada between 2008 and 2012 revealed a higher incidence of P-SCAD compared with the data from prior studies (1.8 cases per 100,000 pregnancies). In the same study, P-SCAD patients exhibited worse prognosis than SCAD females who were not pregnant (NP-SCAD) having more frequently STEMI (64%), cardiogenic shock (24%), cardiac arrest (14%), and death (4.5%). P-SCAD patients exhibited a higher incidence of proximal coronary artery dissection and a significantly decreased left ventricle ejection fraction (LVEF) of ≤35%. This data regarding the poor prognosis in P-SCAD compared with NP-SCAD patients was confirmed in another American study (10).

Patients with P-SCAD compared with NP-SCAD had a higher prevalence of black ethnicity, older, with a history of arterial hypertension and hyperlipidemia, more often had depression, migraines, and more frequently were treated for infertility (1).

The hormonal and hemodynamic changes that occur during pregnancy, along with the increased shear stress on the coronary arteries, may contribute in developing SCAD. Within the initial 6 weeks of pregnancy, hemodynamics starts to change, including an increase in blood volume and in red blood cell mass while systemic vascular resistance is decreasing, and consequently, the cardiac output is higher. These changes are expected, but they increase the oxygen demands of the myocardium and could lead to developing SCAD. As previously stated, the highest incidence of P-SCAD was observed in the first month after childbirth, with the peak of incidence observed within the first postpartum week. During this period, there is another rapid increase in cardiac output due to the fast return of blood from the contracted uterus. Progesterone and estrogen have the highest levels during this period, which could be important since the endothelium has the sex hormone receptors. Estrogen induces the release of nitric oxide, resulting in vasodilatation, but it also influences the function of matrix metalloproteinases, which degrades the components of the artery wall and therefore contributes to SCAD (2–6). SCAD was also reported during lactation when oxytocin is released, which affects vasculature. Importantly, one of the metabolic products of oxytocin degradation is cardiotoxic and is found to be responsible for the occurrence of peripartum cardiomyopathy. This could also be important for the pathophysiology of SCAD (2–6).



1.2. Exogenous hormones

The use of oral estrogen and progesterone were linked to an increased risk of developing SCAD in few reports (one single-center study with case reports) (13). Estrogen replacement therapy has known effects on coagulation, microcirculation, increased release of reactive oxygen species, and triggering arrhythmias, all of which may potentially be associated with SCAD (13). However, in a study conducted by Saw et al. (14) on a group of 168 females with SCAD, no association was found between the active use of oral combined hormone therapy and the incidence of SCAD.

There is limited data available regarding SCAD occurrence after in vitro fertilization. In the United States, 9% of patients with P-SCAD underwent IVF. Women with P-SCAD more frequently underwent IVF treatment compared with women in childbearing age in the US population (28% vs. 12%) (15, 16). In this process, patients are administered gonadotropin therapy together with selective estrogen modulators and aromatase inhibitors to stimulate the production of follicles that secrete high levels of estrogen and progesterone. As previously mentioned, these hormones could cause weakening and vascular wall rupture. Clomiphene is the most frequently used selective estrogen receptor modulator in IVF, and previously, it has been linked with different pathological conditions such as MI and potentially with SCAD (16).

The role of estrogen and progesterone levels or their fluctuations in SCAD occurrence is unclear. A limited number of studies have explored SCAD development during menstruation, hormone replacement therapy, and in women undergoing or having undergone IVF treatment (17).

One hypotheses explaining the gender difference in SCAD is the various responses to androgens in the cardiovascular system and other organs. The X chromosome contains genes responsible for the expression of androgen receptors. In females, the different response to androgens is the result of autosomal mosaicism. It is known that estrogens are synthetized from androgen precursors, catalyzed by aromatase. Furthermore, women frequently exhibit specific coronary anatomy characterized by tortuous coronary vessels and a predisposition to microvascular dysfunction as a consequence of increased metalloprotease activity induced by estrogens (13).



1.3. Systemic arteriopathies

Connective tissue disorders, such as Marfan syndrome, Ehlers–Danlos syndrome type 4, and Loeys–Dietz syndromes, as well as polycystic kidney disease, are found in <5% of patients with SCAD (18, 19). The diagnosis of these conditions is important as it can guide familial screening and careful follow-up of affected patients (19).

Patients with SCAD in whom arterial imaging for extra-coronary vascular abnormalities was performed frequently exhibited fibromuscular dysplasia (18). The DISCO study is the first European multicenter analysis of SCAD patients and one of the largest studies in the world. The prevalence of FMD in this large cohort of SCAD patients was found to be 45% (20).

Marfan syndrome is caused by mutations in the fibrillin-1 gene (FBN1), and, among other abnormalities, patients with this syndrome exhibit dilatation of the aortic sinus with an increased risk of type A aortic dissection. There is a limited number of case reports in the literature regarding SCAD in patients with Marfan syndrome, and these reports suggest that the association between these entities lies in the structural changes in the connective tissue of the artery wall, which predispose to vessel dissection (2, 21).

In vascular Ehlers–Danlos syndrome, mainly middle-sized muscular arteries are affected, namely, mutations in the alpha 1 gene (COL3A1) are the cause of this syndrome. Collagen type III synthesis is disrupted, and consequently, patients are at risk for vascular rupture. SCAD has been reported to be associated with this syndrome in a limited number of case reports (2, 22).

Loeys–Dietz syndrome is caused by mutations in genes encoding compounds involved in the TGF-beta signaling pathway. Patients with this syndrome have tortuous arteries and arterial aneurysms with a high risk of arterial dissection or rupture. The risk remains high even in arteries that have normal diameters (2, 23).

Autosomal dominant polycystic kidney disease (ADPKD) was associated with SCAD in a few case reports. Patients with ADPKD have mutations in the polycystic kidney disease-1 and 2 genes that encode the polycystin synthesis. Polycystin is important for the integrity of the vascular wall, and its absence leads to vascular wall rupture and hemorrhage (2, 13).



1.4. Fibromuscular dysplasia

Fibromuscular dysplasia is the most frequently associated with SCAD in the literature. However, the most frequent clinical presentation of this arteriopathy is renovascular hypertension. The association with SCAD was first reported in 2011 by Saw et al. This is a disease of medium-sized artery walls that is not caused by atherosclerosis or inflammation. The highest incidence is found in middle-aged women who do not have many traditional risk factors. FMD is characterized by changes in the arteries, such as stenosis and aneurysms, which make arteries susceptible to dissection. The renal, cervico-cephalic, and visceral arteries are commonly involved (2, 10).

Angiographically, FMD has two types: multifocal, which is predominant, and unifocal. Between 41% and 86% of SCAD patients experience changes in other vascular beds, with the majority of them exhibiting changes in two or more extra-coronary vascular beds (29%–70%). The possible clinical manifestations of cervico-cephalic FMD could be ischemic stroke or subarachnoid bleeding due to arterial dissection or intra-cerebral aneurysm (2). Canadian authors reported the presence of cerebral aneurysm in 7.1% of SCAD patients (24).

In the American registry for FMD, the frequency of SCAD was less than 3%. Furthermore, in one large study with more than 60,000 ACS patients, it has been shown that 0.16% of cases caused by SCAD were linked with FMD. Even SLE, a specific systemic inflammatory disease, had a higher association rate with SCAD (13, 25, 26).

PHACTR1/EDN1 is a genetic locus on chromosome 6q24 which carries the risk for coronary artery disease and AMI (27). This gene is also associated with migraine and cervicocerebral artery dissection (CeAD) (28). The putative variant of the PHACTR1 locus was found near a putative regulatory genetic region for EDN1, the endothelin (ET)-1 gene. This putative PHACRT1 variant relates to the risk of FMD. Interestingly the rs9349379-A allele is linked with a higher risk for FMD, CeAD, and migraine, whereas the less common allele, rs9349379-G, is linked with an increased risk for atherosclerosis. Firstly, the determined genetic risk locus for SCAD is rs9349379. The link between SCAD and FMD was determined even on the genetic level. Gupta et al. found that the rs9349379-A allele is found more frequently in patients with lower levels of circulating ET-1 than in healthy population. Endothelin-1 is a potent vasoconstrictor, and its vascular effects could have an important role in the pathophysiology of SACD. Whether the ET-1 expression decreased in SCAD and FMD is still to be determined (7, 29, 30, 31).



1.5. Inflammatory conditions

In the literature, SCAD was closely linked with the systemic inflammatory conditions, and the highest incidence was reported in one Canadian series (in 8.9% of cases). However, the mechanistic link between those two pathological conditions is still unknown. Since 1982, SCAD has been associated with inflammatory processes. This connection was initially observed when arterial biopsies revealed a focal infiltration of the tunica adventitia with inflammatory cells, predominantly eosinophils (5). Hypothetically, they could release lytic enzymes, causing dissection (30, 31).

Common systemic inflammatory disorders associated with SCAD include systemic lupus erythematosus (SLE), rheumatoid arthritis, celiac disease, Crohn's disease, and ulcerative colitis (19). A sub-analysis of the Framingham offspring study reported that women with SLE have a 50-fold increased risk of MI compared with age-matched control. Having said that, only several case reports documenting the occurrence of SCAD in SLE patients were published. SCAD can be the first manifestation of SLE, and therefore, screening for this disease is prudent in these patients (2, 19). In the literature, we found different inflammatory diseases in patients with SCAD such as sarcoidosis and infective hepatitis. Polyarteritis nodosa with pathological changes in small- and medium-sized arteries has also been associated with SCAD (2, 32–34). In these case reports or case series, coronary vasculitis or systemic inflammation may explain the increased risk for SCAD. In the larger cohort studies, a rather small percentage of patients had inflammatory conditions or short-term increases in inflammatory markers. This systemic inflammatory disease could only be a coincidental finding (1). The authors did not find a connection between SCAD and vasculitis in systemic arteries in the conducted studies. Coronary arteritis is a rare pathological condition, and it is characterized by the stenosis or occlusion of the proximal parts of arteries accompanied by skip lesions or aneurysms. This finding is not characteristic of SCAD (31).

Recently, a case report of SCAD in COVID-19-infected patient was published. It is known that COVID-19 is inducing a marked inflammatory and immune response which can damage endothelial and smooth muscle cells in blood vessels. Theoretically, the inflammatory response induced by the infection could promote the fragility of coronary vessels and lead to SCAD (35).

Patients with autoimmune disorders have an increased risk for SCAD (1). The frequency of autoimmune diseases in SCAD patients is comparable with the frequency in the general population (approximately 9%) (36). A recent study using population-based data from the Rochester Epidemiology Project showed that patients with autoimmune diseases did not have an increased risk for SCAD (31).



1.6. Migraine

In SCAD cohort studies, the reported prevalence rate of migraine ranged from 37% to 46%, contrasting with a lifetime migraine prevalence rate of 24% in women from the Women's Ischemia Syndrome Evaluation (WISE) cohort in the United States. Female SCAD patients have an estimated 37% higher age-adjusted 1-year migraine prevalence rate, as reported (37). Migraine is characterized by headache, typically unilateral in location, accompanied by nausea/vomiting and sensitivity to loud sounds and lights (38). Studies showed that endothelial dysfunction in migraines could be involved in developing stroke and in the pathogenesis of cervical artery dissection. It is postulated that a similar association could be present in SCAD. In a study conducted by the Mayo Clinic research group found that migraines were highly prevalent among the female population with SCAD, as previously reported. The same researchers found that migraineurs with SCAD were younger with more prevalent arterial abnormalities. They more frequently complained of chest pain and depression. In a large US national cohort study with 66,360 SCAD patients, only 0.8% of patients had migraine (13).



1.7. Thyroid disorders

Patients with SCAD had a higher prevalence of hypothyroidism when compared with individuals with atherosclerosis who develop ACS. Among SCAD patients with hypothyroidism, there was a higher incidence among women, and they exhibited frequent dissection in the distal segments of coronary arteries as well as dissections in the corkscrew arteries. Therefore, they were more often treated conservatively. Thyroid hormones have a significant role in the heart and blood vessels. Hypothyroidism is accompanied by conduction disturbances, different types of arrhythmias, rapid atherogenesis, and coronary artery disease. The results from studies conducted on a small number of patients indicate that hypothyroidism may somehow be involved in SCAD pathophysiology. In those patients, even iatrogenic coronary artery dissection is more frequent (39). Also, Spanish authors found a high percentage of autoimmune thyroid dysfunction in the population with SCAD (40).



1.8 Inheritance and genetics

In ≤5% of SCAD cases, we found hereditary arteriopathies and connective tissue disorders (18). However, Goel et al. (41) published a case series with five pairs of relatives with angiographically confirmed SCAD.

Several studies investigating the susceptibility genes for SCAD were published in 2018 and 2019. The genes associated with the risk for SCAD were the F11R (the gene responsible for F11 receptor which is a regulator of tight junction assembly), TLN1 ( the gene encoding Talin 1 which is responsible for linking the actin cytoskeleton to the extracellular matrix), TSR1 (the gene which influences ribosome maturation factor and RNA formation), already mentioned PHACTR1 (the gene important for cytoskeleton actine), and EDN1 (encoding endothelin 1 which is a circulating vasoactive peptide) (17).

Recently, Adlam et al. performed a meta-analysis of genome-wide association studies (GWAS) with approximately 2,000 patients with SCAD. The authors reported 17 risk genes and therefore polygenic inheritance for this disease. The genetics for atherosclerosis and SCAD showed some overlaps but in opposite directions. The genetic association was again confirmed for SCAD and FMD, but also for migraine and SCAD. Among the so-called new genes for SCAD, those associated with arterial hypertension gained more attention. It seems that there is a genetic link between arterial hypertension and the risk for developing SCAD. Strict control of arterial blood pressure could be pivotal in decreasing the risk of SCAD recurrence (42–44).

Published genetic data do not explain the female dominance demonstrated in this condition. This could be due to autosomal genes that have sex-related regulators (genes with estrogen-responsive structures) (17). Genetic testing for SCAD is not a standard practice, but it may be considered in situations where connective tissue diseases are suspected, as mentioned previously (18).



1.9. Atherosclerotic risk factors

Patients with SCAD have less percentage of the traditional cardiovascular risk factors for ischemic heart disease. New publications indicate that those patients could have traditional factors as well. In majority of them, hypertension, smoking, and dyslipidemia have been reported. However, no causal relationship has been found thus far (10, 18). According to a recently published study, SCAD patients exhibit arterial hypertension in approximately 37% of cases, while 35% have hyperlipidemia, which is almost identical as those observed in the population without SCAD (17, 45). Reasonably, those traditional risk factors for coronary artery disease are more common findings in older SCAD patients (10). It was reported that in a population involving over 600 SCAD patients, diabetes mellitus was identified in 0.9%–4.6% of cases, while smoking habits were observed in 0.6%–10% of patients. Consistent with earlier findings, hypertension was prevalent in 27%–36% of patients. Notably, obesity was not present in this population (46).

Arterial hypertension is highly prevalent in the general population. Also, high arterial systolic pressure and pulsatory pressure could cause SCAD by increasing the shear stress on the vessels. Notably, some psychosocial factors that are present predominantly in females could indirectly act by increasing the risk for hypertension, smoking, or abdominal obesity and therefore the risk for SCAD (46, 47).

In younger women, fat deposits primarily accumulates in the subcutaneous tissue, while in menopausal women, fat is starting to accumulate in visceral depots which is characteristic for men. In this way, the metabolic risk is increasing. Hormone replacement therapy with estrogen seems to recover the endothelial function in postmenopausal women (48). Visceral fat is an endocrine organ that releases adipokines and influences many metabolic pathways. Perivascular adipose tissue has effects on the development of atherosclerosis through inflammatory mechanisms, and it is also believed to play a significant role in SCAD development (49).



1.10. Mechanical stressors and exercise

The so-called mechanical stressors such as intense Valsalva-like maneuvers and factors that provoke coronary spasm have been reported in SCAD. In a recently published prospective studies with SCAD patients, the males in 11.9% of cases experienced chest pain immediately after isometric or intense physical activity (10). This physical stressor could induce a rise in catecholamine levels and a further increase in coronary artery shear stress, resulting to SCAD (18). Interestingly, the authors found retrograde SCAD on the coronary angiograms in Takotsubo syndrome associated with this type of stress (9). Sympathomimetic drugs such as amphetamines and cocaine have probably the same pathophysiology mechanisms in developing SCAD (15). The use of anabolic steroids, which could lead to the weakness of the arterial medial wall, in combination with intense physical activity (lifting weights) was reported in one case report as the cause of SCAD in a male patient (50). These substances enhance blood coagulability by reducing the production of plasminogen activator and influencing platelet function as well (51).



1.11. Emotional stressors

Preceding emotional stress has been described in a significant percentage of SCAD cases, particularly in women (10). Emotional distress, 24 h before ACS, was significantly more frequent in the SCAD group, but not in patients with type 1 MI. A high percentage of SCAD patients, 41%–55% in some published papers, have reported experiencing some kind of uncommon psychological stress prior to the occurrence of the event (3, 10).

It was reported that 40.5% of participants from a large prospective cohort study had some level of emotional stress followed by ACS, and 24% of patients were involved in physical activity, of whom 12.5% were engaged in isometric exercise. A smaller number of patients reported minor activities prior to SCAD such as severe coughing or vomiting. More recent studies reported that females with concomitant FMD and psychological stressors were at risk for SCAD. On the other part, men without FMD and physical stressors were at high risk for developing SCAD (13).

The results from a large Canadian study showed that men with SCAD were younger than females and that they more frequently had some physical but not psychological stressor preceding the ACS caused by SCAD (10). As mentioned, women with SCAD had a higher self-reported prevalence of anxiety and depression. Psychiatric disorders are known risk factors for bad prognosis and are linked with adverse cardiovascular events. There is a theory that women are more prone to psychological stressors which can lead to a rise in coronary artery shear stress and SCAD (12).




2. Discussion: clustering of SCAD risk factors

There were attempts to generate a risk model for developing SCAD. Smaardijk et al. (5) found that in included female patients with SCAD, conventional cardiovascular risk factors were less frequent (<10%), except for arterial hypertension (in 31% of patients). Half of the patients had high levels of self-reported psychological stress; they were complaining of fatigue and burnout syndrome. The frequency of psychological diseases, such as anxiety and depression, was relatively low (9% and 12%). The authors extrapolated three risk factor “clusters”: the first cluster was with FMD and non-conventional disorders such as tinnitus or chronic pain; the second “cluster” included migraine; and the third cluster was without any of these conditions.

Upon reviewing the existing literature, two distinct at-risk phenotypes for SCAD were identified: firstly, young women with antecedent psychological stressors, and secondly, middle-aged men with conventional risk factors, in whom the physical stressors preceded the event (8).

Giacalone et al. (46) recently divided the non-traditional risk factors in female patients as follows: “gender-specific,” such as pregnancy; “gender-predominant,” e.g., migraine; and “gender-related,” including those diseases and stressors that affect women more often, e.g., depression, psychosocial risk factors such as partner violence or low socioeconomic status. Depression is an important risk factor for cardiovascular morbidity and mortality; however, there are substantial inconsistencies and variability in reporting the prevalence of depression and anxiety in patients with SCAD and those with atherosclerotic MI (3, 52). Data from a large US national database, including more than 66,000 patients with SCAD, showed that anxiety and depression were less frequent in SCAD patients compared with patients with atherosclerotic MI (30). Recently, Muphy et al. (53) found that among SCAD patients, there was a higher prevalence of anxiety, depression, and other psychological disturbances compared with atherosclerotic MI. There is a need for further research in this area, utilizing standardized questionnaires completed early after hospital admission and incorporating subsequent psychiatric evaluations.

In Table 1, we summarized the most common predisposing conditions, traditional risk factors for coronary artery disease, and precipitating factors that are associated with or preceding chest pain in SCAD patients.


TABLE 1 The common predisposing conditions, traditional risk factors, and precipitating factors in SCAD patients.

[image: Table 1]

SCAD incidence increased 10-fold in the last two decades. This could be attributed to a significant improvement in the diagnostic capabilities and increased awareness of this disease among healthcare providers. However, this disease is poorly studied and understood. In 2018, the American Heart Association (AHA) and the European Society of Cardiology (ESC) released expert consensus statements regarding SCAD. Subsequently, in 2019, Canadian authors published findings from a large multicenter, prospective registry focused on SCAD patients (54). These initiatives contribute significantly to and improve the awareness among healthcare providers regarding the diagnosis and management of SCAD patients.

Specifically, it all started with improved diagnostic techniques and defining the myocardial infarction with non-obstructive coronary arteries (MINOCA). It accounts for approximately 15% of all acute myocardial infarctions (AMI) and more frequently affects females. The pathogenesis of MINOCA is heterogeneous and may include atherosclerotic plaque rupture, plaque erosion with thrombosis, vasospasm, embolization, SCAD, or a combination of mechanisms. Non-vascular causes include acute myocarditis, Takotsubo syndrome, and non-ischemic cardiomyopathies which can mimic the clinical presentation. In one study, 67% of patients with initial MINOCA were reclassified after the cardiac magnetic resonance (CMR) evaluation. Combining optical coherence tomography (OCT) with CMR was shown to identify the majority of the underlying mechanisms of MINOCA. Furthermore, CMR-confirmed diagnosis of MINOCA was associated with an increased risk of major adverse cardiovascular events at follow-up (55–58).

Computed tomography coronary angiography (CTCA) for the diagnosis of acute SCAD has the advantage of being non-invasive, without the increased risk of iatrogenic dissection. However, its role in acute setting is limited due to its reduced spatial resolution. Currently, it could play a role in the follow-up of SCAD patients (10, 59).



3. Conclusion

According to a recently conducted population-based analysis using the National Inpatient Sample (NIS), in-hospital mortality was higher in SCAD patients compared with patients with MI caused by atherosclerosis of coronary arteries (60). The logistic regression analysis identified atrial fibrillation, steroid use, ventricular arrhythmias, and cardiac arrest as significant predictors of intra-hospital mortality (8).

It is crucial to identify emotional and physical stressors that can trigger this not-so-rare disease, particularly in those with potential predisposing conditions such as FMD (21).

The classic angiographic characteristics of SCAD with defined intimal tear or spiraling dissection may not be evident, and intravascular ultrasound (IVUS) and optical coherence tomography should be used with extreme caution when SCAD is suspected (10, 59). The utilization of new imaging modalities and careful examination of patients with chest pain led to a better understanding of the SCAD pathophysiology and improved its diagnosis. However, there is a lack of randomized controlled studies for the treatment of SCAD, and further investigation is needed. Percutaneous coronary intervention is recommended only when patients have symptoms and signs of ongoing myocardial ischemia, or a large area of myocardium in jeopardy, and reduced antegrade flow (10).

SCAD has not been heavily linked to traditional risk factors, but it exhibits a strong association with specific comorbidities such as migraine and tinnitus, particularly in younger females who experience emotional triggers within 24 h preceding the ACS. This could be a profile that should be recognized by cardiologists leading to prompt diagnosis and appropriate treatment. These differences in profiling SCAD compared with atherosclerotic MI patients may decrease the occurrence of misdiagnosis and underdiagnosis of SCAD, hence improving its prognosis. Cardiac rehabilitation should be personalized for SCAD patients, and these patients should be educated regarding the known risk factors (3).
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Introduction: Differences in pathophysiology, clinical presentation, and natural course of ST-elevation myocardial infarction in female patients due to either spontaneous dissection (SCAD-STEMI) or atherothrombotic occlusion (type 1 STEMI) have been discussed. Current knowledge on differences in left ventricular myocardial function and infarct size is limited. The aim of this study was to assess baseline clinical characteristics, imaging findings, and therapeutic approach and to compare differences in echocardiographic findings at baseline and 3-month follow-up in patients with SCAD-STEMI and type 1 STEMI.



Methods: This was a prospective multicenter study of 32 female patients (18–55 years of age) presenting with either SCAD-STEMI due to left anterior descending coronary artery (LAD) dissection or type 1 STEMI due to atherothrombotic LAD occlusion.



Results: The two groups were similar in age, risk factors, comorbidities, and complications. SCAD-STEMI patients more often had Thrombolysis in Myocardial Infarction 3 flow, while type 1 STEMI patients were more often treated with percutaneous coronary intervention and dual antiplatelet therapy. Baseline mean left ventricular (LV) ejection fraction (LVEF) was similar in the two groups (48.0% vs. 48.6%, p = 0.881), but there was a significant difference at the 3-month follow-up, driven by an improvement in LVEF in SCAD-STEMI compared to type 1 STEMI patients (Δ LVEF 10.1 ± 5.3% vs. 1.8 ± 5.1%, p = 0.002). LV global longitudinal strain was slightly improved in both groups at follow-up; however, the improvement was not significantly different between groups (−4.6 ± 2.9% vs. −2.0 ± 2.8%, p = 0.055).



Conclusions: The results suggest that female patients with SCAD-STEMI are more likely to experience improvement in LV systolic function than type 1 STEMI patients.
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spontaneous coronary artery dissection, myocardial infarction with ST-elevation, myocardial function, myocardial infarct size, echocardiography





1 Introduction

Distinct pathophysiological mechanisms underlying the development of type 1 ST-elevation myocardial infarction (STEMI) and myocardial infarction occurring due to spontaneous coronary artery dissection (SCAD), SCAD-STEMI, may be responsible for the differences in left ventricular (LV) function and myocardial infarct size in these two types of conditions (1, 2). Previous research findings suggested significant differences in the pathophysiology, clinical presentation, and natural course in female patients with ST-elevation myocardial infarction due to either spontaneous dissection (SCAD-STEMI) or atherothrombotic occlusion (type 1 STEMI) (3, 4).

Whether a more balanced process of infarct development in SCAD-STEMI could potentially result in smaller infarct sizes than the typical type 1 STEMI remains uncertain. It is important to note that the formation of myocardial infarction is a complex process. Contributing factors to infarct size include the type of infarct-related artery, severity and extent of coronary artery disease, location of the occlusion, the time it takes to restore blood flow by one of the revascularization procedures, and the overall health of the patient. In the case of SCAD-STEMI, various mechanisms may influence the infarct size, including the extent of the dissection, the occurrence of coronary artery healing, the presence of collateral blood flow, and the timing of coronary flow restoration (5). It is worth noting that most patients who present with SCAD typically have either small infarctions or no infarctions at all, and they also tend to have a preserved ejection fraction. However, those patients presenting as STEMI, Thrombolysis in Myocardial Infarction (TIMI) 0/1 flow at angiography, and/or multivessel SCAD are more likely to present with larger infarctions (5).

The aim of this research was to present baseline characteristics, risk factors, clinical findings, complications, laboratory analyses, and therapeutic approach and to compare differences in echocardiographic findings at baseline and 3-month follow-up in patients with SCAD-STEMI and type 1 STEMI.



2 Materials and methods

The study was conducted in 2023 at the University Clinical Centers in Belgrade and Nis, Serbia, as a prospective multicenter study. We included 32 consecutive adult female patients aged 18–55 years, presenting with either anterior SCAD-STEMI due to left anterior decedent coronary artery (LAD) dissection or type 1 STEMI due to atherothrombotic LAD occlusion. The patients were included prospectively between January 2023 and September 2023. The classification between SCAD-STEMI and type 1 STEMI was based on the findings of an emergency coronary angiography, which was performed at admission in all patients.

Patients who are either younger than 18 or older than 55 years; had a history of acute myocardial infarction (AMI) or coronary interventions, heart failure, uncontrolled hypertension, malignant diseases, obstructive pulmonary disease, hepatic or renal failure (eGFR ≤ 60 ml/min/1.73 m2), acute or chronic infections, ketoacidosis; or were treated with corticosteroids or immunosuppressive agents were excluded from the study. All patients were referred for coronary angiography immediately after admission. All type 1 STEMI female patients were treated with percutaneous coronary interventions (PCIs) with successfully establishing TIMI 3 flow after intervention. Patients with SCAD-STEMI were treated with optimal medical therapy in accordance with recommendations in previous studies (6) except in the setting of SCAD type 4, active/ongoing ischemia, and hemodynamic instability. Upon admission, a complete medical history was obtained and a physical exam with anthropometric measurements was performed. Blood samples were taken for laboratory analysis during hospitalization. Comprehensive echocardiographic exams were performed by experienced cardiologists at baseline and after 3-month follow-up and compared between groups. Cardiac magnetic resonance (CMR) was performed in clinically and therapeutically disputed cases. A clinical 1.5-T scanner (Siemens Avanto) was used to perform CMR imaging. The imaging protocols were standardized and unified (University Clinical Center of Serbia, Center of CMR). The standard protocol for morphological and functional assessment was followed, which included late gadolinium enhancement (LGE), T1, and T2 mapping using the MOLLI sequence before and after contrast medium application. Myocardial T1 and T2 mapping was performed in long-axis directions and three short-axis slices (base level, midventricular, and apex level) using a validated variant of a modified Look-Locker Imaging sequence (University Clinical Center of Serbia, Center of CMR, MOLLI). Late gadolinium enhancement imaging was performed 10 min after the administration of 0.1 mmol/kg of body weight of gadobutrol (Gadovist; Bayer). The interpretation of LGE images followed standardized post-processing recommendations by two observers based on the presence and predominant pattern as ischemic or non-ischemic. The mean time for performance of CMR was 15 ± 7 days. There was no significant difference in the mean time from SCAD-STEMI/type 1 STEMI infarct onset to CMR performance.

All standard echocardiographic examinations were performed using Vivid E95 (General Electric). Data were acquired with a 3.5-MHz transducer in the parasternal (long- and short-axis views) and apical (four- and two-chamber and apical long-axis views) views, utilizing echocardiographic methods such as M-mode, 2D, color Doppler, pulse Doppler, continuous Doppler, tissue Doppler, and speckle-tracking imaging. All measurements and definitions were in accordance with the guidelines of the European and American Society of Echocardiography (7, 8).

Two-dimensional speckle-tracking echocardiography (2D-STE) is a non-invasive ultrasound imaging technique that allows for an objective and quantitative evaluation of global and regional myocardial deformation. It is also used to assess left ventricular (LV) systolic and diastolic myocardial function. The recordings were performed with a frame rate between 50 and 70 frames/s and analyzed offline using General Electric software (EchoPAC software version 203 GE Medical Systems). All parameters of myocardial longitudinal strain were calculated offline in accordance with recommendation (9), and the global longitudinal strain (GLS) was analyzed on the 18-segment segmentation model.

Two to four weeks after the initial measurements, an echocardiographic exam, including strain analysis, was repeated in 10 randomly selected patients from both groups (SCAD-STEMI and type 1 STEMI) by the same observer (G.K.). The flow chart of the study is presented in Figure 1.


[image: Figure 1]
FIGURE 1
Flowchart of the study.



2.1 Statistical analyses

The continuous variables are presented as mean ± SD, while categorical data are presented as percentages. The differences between the groups at baseline were tested using a one-way analysis of variance (ANOVA), while the χ2 test was used for categorical variables. We analyzed differences in 3-month follow-up echocardiographic parameters in 10 randomly selected patients from both groups (SCAD-STEMI and type 1 STEMI) by using the Student t-test. The statistical analyses were performed using SPSS software version 20.0 (SPSS Inc., USA) with a significance level set at p < 0.05.




3 Results

We analyzed two groups of female patients ≤55 years of age, presenting with either SCAD-STEMI due to LAD dissection or type 1 STEMI due to atherothrombotic LAD occlusion. As presented in Table 1, the two groups were similar with respect to age, risk factors, and comorbidities. However, patients with SCAD-STEMI had higher systolic and lower diastolic blood pressures and higher heart rates compared with type 1 STEMI patients.


TABLE 1 Baseline clinical and laboratory characteristics, risk factors, and therapeutic approaches in SCAD-STEMI and type 1 STEMI groups of patients.

[image: Table 1]

There were no differences in the levels of high-sensitive troponin T (hs-troponin T), N-terminal pro-brain natriuretic peptide (NT-proBNP), and high-sensitive C reactive protein (hs-CRP) (Table 1). The frequency of symptomatic heart failure and arrhythmias occurring during the acute phase was similar between the groups. SCAD-STEMI patients more often had TIMI 3 flow at angiography as opposed to patients with type 1 STEMI, who more often had TIMI 0 flow. Furthermore, the use of reperfusion strategy with primary PCI was more frequent in patients with type 1 STEMI compared to SCAD-STEMI, as well as the use of dual antiplatelet therapy.

The results of the echocardiographic and CMR assessment of LV function at baseline of SCAD-STEMI and type 1 STEMI patients are presented in Table 2. Between-group comparisons at baseline showed no significant differences in clinical, echocardiographic, and CMR parameters, including infarct size at baseline, as assessed by the extent of LGE. The only observed difference at baseline was a higher LV mass index assessed by echocardiography in patients with type 1 STEMI (Table 2).


TABLE 2 Differences in echocardiographic and CMR parameters between SCAD-STEMI and type 1 STEMI patients at baseline.
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The results of comparisons in echocardiographic parameters between 10 randomly selected patients (from both groups) from baseline to the 3-month follow-up are presented in Table 3. There was a tendency toward a decrease in left ventricular end-diastolic volume (LVEDV)/left ventricular end-diastolic volume index (LVEDVI) and left ventricular end-systolic volume (LVESV)/left ventricular end-systolic volume index (LVESVI) in SCAD-STEMI patients, whereas there was a tendency toward an increase in LVEDV/LVEDVI and LVESV/LVESVI in type 1 STEMI patients (Table 3). However, the difference in LV volumes from baseline to 3-month follow-up was not statistically significant between the two groups (Table 3). There was a significant difference in left ventricular ejection fraction (LVEF) between the two groups, driven by the numerically greater improvement in LVEF in SCAD-STEMI patients than in type 1-STEMI patients (Table 3). Left ventricular global longitudinal strain (LVGLS) was not statistically different at follow-up between the two groups (Table 3).


TABLE 3 Improvements of echocardiographic parameters after 3-month follow-up in SCAD-STEMI patients and type 1 STEMI patients.
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Figure 2 illustrates the changes in myocardial function (LVEF and LVGLS) in two female patients, one with SCAD-STEMI and the other with type 1 STEMI, assessed from baseline to the 3-month follow-up.


[image: Figure 2]
FIGURE 2
(A) A 42-year-old woman presented with STEMI anterior localization SCAD on left anterior artery type 4 and TIMI flow 0, treated with percutaneous transluminal coronary angioplasty (PTCA) without implantation of stents. Baseline LVEF was 39% and LVGLS was −10.1%. After 3-month follow-up, the LVEF was 54% and LVGLS was −15.3%. (B) A 29-year-old woman presented with type 1 STEMI anterior localization due to occluded LAD treated with primary PCI and implantation of two stents. Baseline LVEF was 35% and LVGLS was −8.0%. After 3-month follow-up, the LVEF was 36% and LVGLS was −10.3%.


In the Supplementary Material, we also illustrate CMR differences in the distribution of LGE at baseline in a type 1 STEMI patient and a SCAD-STEMI patient (Supplementary Figure S1) as well as in other CMR findings (Supplementary Figures S2, S3).



4 Discussion

In this prospective study, we compared female patients with SCAD-STEMI and type 1 STEMI with culprit LAD by analyzing their clinical features and imaging findings at baseline and the 3-month follow-up. Our results suggest that patients with SCAD-STEMI, despite having similar baseline clinical characteristics, estimates of infarct size (LGE), and LV function to type 1 STEMI patients, might have a more favorable trajectory of LV remodeling over the 3-month follow-up. Although the observed differences in LV volumes between the two patient groups were not significant at 3-month follow-up, patients with SCAD-STEMI experienced a net decrease in LV volumes, which was not observed in type 1 STEMI patients. There was a significant difference in LVEF at 3-month follow-up between the two groups due to a greater net improvement in LVEF in SCAD-STEMI patients compared with the type 1 STEMI group. LVGLS was not significantly different, albeit both groups showed signs of some improvement in myocardial strain at 3-month follow-up.

Previous studies suggested that clinical, electrocardiographic, and echocardiographic findings may be similar in SCAD-STEMI and type 1 STEMI patients, which may carry a risk of an inaccurate diagnosis or inadequate treatment if the two conditions are not differentiated (10, 11). It is also important to consider that clinical presentation of both SCAD-STEMI and type 1 STEMI can vary widely among individuals, and infarct size might not always follow a clear pattern based solely on the pathophysiology of myocardial infarction (5). Of note, SCAD is a condition that occurs more frequently in women and is the prevailing cause of myocardial infarction in young and middle-aged females without cardiovascular risk factors (1). It is often precipitated by stressful situations, strenuous exercise, hormonal changes, pregnancy, vasospasm, connective tissue disorders, fibromuscular dysplasia, and the use of certain medications or drug abuse (cocaine) (1, 3). In addition, depression has been described as a risk factor not only associated with a higher risk of SCAD but also with the development and progression of atherosclerosis, potentially leading to type 1 myocardial infarction (12).

Although our study had a small sample size for the two groups of females ≤55 years old, it is still informative to note that the two groups were well-balanced in baseline characteristics, risk factors, laboratory analyses, and immediate clinical course. However, there were significant differences in TIMI flow on angiography (i.e., type 1 STEMI patients more often had TIMI 0 flow) and reperfusion strategy treatment with primary PCI, and the use of dual antiplatelet therapy was more frequent in patients with type 1 STEMI.


4.1 Pathophysiological characteristics in SCAD-STEMI

The pathophysiological mechanisms underlying SCAD-STEMI and type 1 STEMI conditions differ, which may result in differences in infarct size and post-infarction LV remodeling. Although an intimal tear represents the most frequent cause of SCAD, causing a formation of a false lumen in the medial layer, coronary intramural hematoma without an intimal tear was also documented with the use of intravascular ultrasonography (10,11, 13) and later confirmed by high-resolution optical coherence tomography (14). The primary cause of an AMI in SCAD is the obstruction of a coronary artery due to either the compression of the artery's true lumen by a dissection flap or the expansion of a hematoma within the arterial wall. However, subsequent SCAD healing and a conditioning effect on the myocardium by coronary artery collateralization induced by prior fixed stenosis (similar to type 1 STEMI) may have an impact on the infarct size in SCAD-STEMI (5). These explanations point to a dynamic interplay of mechanisms affecting the infarct size in SCAD-STEMI (5).



4.2 SCAD type by angiography and formation of myocardial infarction

The SCAD type by angiography may also have an impact on the formation of myocardial infarct size. In our study, 18.2% of patients had SCAD type 1; 36.3% of patients had SCAD type 2; 27.3% SCAD type 3; and 18.2% of patients who went directly to PCI and revascularization had SCAD type 4. In SCAD type 1, the longitudinal filling defect can be detected due to the formation of an intimal flap (15). SCAD type 2 (the most common presentation) is characterized by a diffuse, long, smooth tubular stenosis caused by intramural hematoma without an apparent dissection (15). Type 1 and 2 SCAD patients may result in smaller myocardial infarction size, which may explain the more favorable resolution of myocardial infarct size and improvement in parameters of LV function in SCAD-STEMI patients in our study. Most experts believe that intramural hematoma is the initial mechanism in most SCAD and that there would be some time interval between intramural hematoma generation (type 2 lesion) and the development of a type 1 lesion (16). This concept may explain findings that type 1 lesions were more frequently found in “late presenters” in whom SCAD lesions had more time to produce myocardial ischemia and/or necrosis (16). In addition, myocardial infarction size further depends on the characteristics of coronary vessel involvement, with larger infarctions caused by the proximal, multi-segment and/or multivessel SCAD (5). SCAD type 3 can occur due to focal or multiple tubular lesions, usually <20 mm long, caused by intramural hematoma that can mimic atherosclerosis and require intravascular imaging for diagnosis (15). The increase in the severity of coronary artery stenosis and the presence of fenestrated and non-fenestrated types of stenosis can also influence the infarct size (14). SCAD type 4 has been described as a complete vessel occlusion (17). Patients with SCAD type 4 exhibit similarities with type 1 STEMI patients in myocardial infarct size, and it seems that these patients have larger myocardial infarctions than SCAD type 1 and 2 patients. In patients with SCAD associated with poor TIMI flow, who are at an increased risk of developing a larger infarct size, the therapeutic strategy may favor interventional management over conservative treatment (17).



4.3 Imaging methods for quantifying myocardial infarct size and myocardial perfusion in SCAD-STEMI due to LAD dissection and type 1 STEMI due to LAD occlusion

Myocardial infarct size can be quantified with a high degree of precision using CMR imaging by a semi-automatic method with LGE (18). CMR-quantified infarct size can be categorized as large (LGE mass accounting for >10% of the total LV mass) or small (LGE mass accounts for ≤10% of the total LV mass) (5). In the case of SCAD-STEMI patients, earlier research demonstrated a trend toward smaller myocardial infarct size and reduced levels of LGE with both endocardial and transmural involvement, in comparison to the type 1 STEMI patients where the characteristic pattern of LGE involved subendocardial distribution (19). However, in our study, baseline CMR-LGE values were not significantly different between the two groups.

Besides CMR, stress-test perfusion CMR, single-photon emission computed tomography or positron emission tomography myocardial perfusion imaging, and intravascular Doppler ultrasound coronary flow reserve can be used to further assess myocardial infarct size and blood flow and identify areas of reduced myocardial perfusion caused by SCAD (20–23). The imaging modalities are particularly valuable in assessing coronary microvascular dysfunction, however, with caveats imposed by limited availability and optimal timing of the assessment following a SCAD event. Stress perfusion tests are contraindicated in the acute phase of the disease, but they can be useful later in the follow-up of SCAD patients. Reassessment of cardiac function at 3 months is appropriate for patients with reduced LV function at the time of an AMI (24). Further limitations include breast or soft tissue attenuation and reduced accuracy in patients with smaller-sized hearts, which are more commonly seen in women than men (25).



4.4 Imaging methods for the assessment of myocardial function in SCAD-STEMI due to LAD dissection and type 1 STEMI due to atherothrombotic LAD occlusion

CMR is regarded as a standard reference method for the assessment LV myocardial function after an AMI (26). Cine-imaging CMR has been previously used to determine LV volumes and global and regional function at baseline and follow-up (5). Echocardiography is a more available but less accurate method for the assessment of LV function compared with CMR. The study by Franco et al. (27) suggested that approximately 26% of SCAD patients had a slightly reduced LVEF below 50% and approximately 5.1% had an LVEF below 40%. In the Spanish Registry of SCAD patients (SR-SCAD), patients with SCAD and reduced LVEF <50% presented more often with an anterior STEMI and multi-segment involvement coronary artery disease (16). These findings are in line with our observations. In the present study, the mean values of LVEF at the baseline were below 50% in both groups (48.0% vs. 48.6%, SCAD-STEMI vs. STEMI type 1). At 3-month follow-up, we found that the mean values had increased to >50% in both groups (57.7 vs. 52.6%, SCAD-STEMI vs. type 1 STEMI). We used LVGLS in this study because it can provide more precise prognostic information in SCAD survivors, particularly those with an LVEF > 50%, compared with other imaging options (28, 29). Although there were no statistically significant differences between the two groups both at baseline and 3-month follow-up in LVGLS, some improvement was observed in LVGLS in both groups over time. It remains to be determined whether strain echocardiography can add to the monitoring of patients with SCAD, considering the limited availability of those other diagnostic methods, such as CMR, in everyday practice.

A previous position paper recommended that SCAD patients who are experiencing recurrent chest pain should be carefully assessed via serial electrocardiography (ECG), high-sensitivity troponin measurement, and coronary angiography imaging in accordance with the physician's assessment (15). Therefore, the significance of the assessment of LV systolic function and myocardial infarct size is high and mandatory to guide further pharmacological and non-pharmacological management. First, early CMR imaging in SCAD-STEMI patients may provide identification of high-risk markers for future adverse cardiac events. Second, there is a need for continued and extended monitoring of SCAD-STEMI patients beyond 3 months to enable a more comprehensive assessment of their cardiac function and identification of long-term complications, including the development of heart failure (HF).




5 Study limitations

Several limitations of the present study need to be acknowledged. The most important limitation is a small sample size; however, the study was prospective and multicenter, which mitigates the limitation imposed son the generalizability of our findings. Furthermore, we only analyzed female patients ≤55 years old, which limits generalization to older women or men. Another limitation is that we did not perform CMR in all patients at baseline, which imposes a caveat in the interpretation of CMR estimated infarct sizes (extent of LGE) between the two groups. The study is also limited by short follow-up time. However, using one of the more sophisticated echocardiographic imaging methods, we managed to find a difference in myocardial function between the two observed groups. Considering the limitations of our study, its findings should be regarded as hypothesis generating, pending further confirmation from larger analyses.



6 Conclusions

The results of the present study suggest that young and middle-aged female patients with SCAD-STEMI exhibit a tendency for an improvement in LV systolic function during the prospective follow-up, which was more substantial in comparison to patients with type 1 STEMI. These differences may be related to a greater prevalence of TIMI 3 flow at angiography in SCAD-STEMI patients, subsequent healing of the dissected artery, and an overall smaller ischemic burden in SCAD-STEMI compared with type 1 STEMI patients. However, this may not be the case with the more complex types of SCAD, involving total vessel occlusion and multisegmented or multivessel engagement. Multimodality imaging, such as standard and strain echocardiography and CMR, may play a valuable role in the initial evaluation and follow-up of patients with SCAD-STEMI and in the assessment of the trajectory of LV remodeling following SCAD-STEMI, which may have important therapeutic and prognostic implications.
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SUPPLEMENTARY FIGURE S1

Two middle age females with STEMI presentation on CMR. Panel A and C presented a short axis and 4-chamber view of the left ventricle (LV) of female 48 years old with type-1 STEMI and occluded LAD treated with primary percutaneous coronary intervention (PCI) and implantation 3 stents in LAD. Panel B and D presented a short axis and 4-chamber views of LV of a female 42 years old presented with SCAD-STEMI due to type 4 LAD dissection treated with percutaneous balloon dilatation without stent implantation.

SUPPLEMENTARY FIGURE S2

Additional CMR findings of the female patients in Figure 3.

SUPPLEMENTARY FIGURE S3

Female with SCAD type 2 and TIMI 3 with preserved LVEF, without abnormal contractility, and without CMR LGE verification.
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Background: Contemporary management of spontaneous coronary artery dissection (SCAD) is still controversial. This systematic review of the literature aims to explore outcomes in the patients treated with conservative management vs. invasive strategy.



Methods: The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines were followed when we extensively searched three electronic databases: PubMed, ScienceDirect, and Web of Science, for studies that compared conservative vs. invasive revascularization treatment outcomes for patients with SCAD from 2003 to 2023. The outcomes of interest were all-cause death and major adverse cardiovascular events (MACE), including acute coronary syndrome (ACS), heart failure (HF), need for additional revascularization, target vessel revascularization (TVR), SCAD recurrence, and stroke.



Results: The systematic review included 13 observational studies evaluating 1,801 patients with SCAD. The overall mean age was 49.12 +/− 3.41, and 88% were females. The overall prevalence of arterial hypertension was 33.2%, hyperlipidemia, 26.9%, smoking, 17.8%, and diabetes, 3.9%. Approximately 48.5% of the patients were diagnosed with non-ST elevated myocardial infarction (NSTEMI), 36.8% with ST elevated myocardial infarction (STEMI), 3.41% with unstable angina, 0.56% with stable angina, and 0.11% were diagnosed with various types of arrhythmias. The left anterior descending artery (LAD) was the most common culprit lesion in 51% of the patients. There were initially 65.2% of conservatively treated patients vs. 33.4% that underwent percutaneous coronary intervention (PCI) or 1.28% that underwent coronary artery bypass graft (CABG). SCAD-PCI revascularization was associated with a variable range of PCI failure. The most common complications were hematoma extension and iatrogenic dissection. SCAD-PCI revascularization frequently required three or more stents and had residual areas of dissection. The overall reported in-hospital and follow-up mortality rates were 1.2% and 1.3%, respectively. The follow-up range across studies was 7.3–75.6 months. The authors reported variable prevalence of MACE, recurrent SCAD up to 31%, ACS up to 27.4%, TVR up to 30%, repeat revascularization up to 14.7%, UA up to 13.3%, HF up to 17.4%, and stroke up to 3%.



Conclusion: Our results highlight that conservative treatment should be the preferred method of treatment in patients with SCAD. PCI revascularization is associated with a high prevalence of periprocedural complications. SCAD poses a considerable risk of MACE, mainly associated with TVR, ACS, and recurrent SCAD.
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1 Introduction

Spontaneous coronary artery dissection (SCAD) is a rare cause of acute coronary syndrome (ACS), typically in patients without classical cardiovascular risk factors (1). The reported incidence of SCAD varies greatly, depending on the methodology and studied cohort. Previous angiographic series have reported a prevalence of SCAD ranging from 0.10% to 0.24% (2–5). Nevertheless, the incidence of SCAD rises particularly among women diagnosed with ACS before the age of 50, exhibiting a reported prevalence of up to 24% (6). Recent studies, mainly national registries, have provided growing data on the pathophysiological features of SCAD, which is now being more recognized as a cause of ACS, particularly among young and middle-aged women. In addition, risk factors for SCAD include pregnancy and peripartum periods, multiparity (i.e., more than three births) (7, 8), fibromuscular dysplasia, connective tissue disorders, hormonal therapy, systemic inflammation, and strong mechanical and emotional stressors (9).

SCAD is defined as a non-traumatic and non-iatrogenic separation of the coronary arterial walls, creating a false lumen (10) between the intima and media or between the media and adventitia. It can potentially arise from an intimal rupture, disrupting the vessel wall, or bleeding in the vasa vasorum, leading to the formation of an intramural hematoma. The false lumen or intramural hematoma might progressively expand as a result of the pressure, leading to increased separation between the dissected layers. This separation can compress the true lumen, resulting in myocardial ischemia or infarction (11). The clinical manifestation of SCAD varies based on the severity and extent of the coronary dissection, encompassing a spectrum from no apparent symptoms to unstable angina, acute myocardial infarction, ventricular arrhythmias, and even sudden cardiac death. Given the association of SCAD with multiple diseases and conditions, it is likely that SCAD represents a diverse and heterogeneous entity (11).

Most SCADs are diagnosed by coronary angiograms. Nevertheless, angiography lacks the ability to visualize the vessel wall and exhibits restricted diagnostic accuracy. However, novel tomographic techniques such as intravascular ultrasound (IVUS), optical coherence tomography (OCT), or multislice computed tomography (MSCT) provide unprecedented diagnostic insights in specific cases (12, 13). Furthermore, MSCT has been used for longitudinal follow-up evaluation of patients with SCAD (11).

Nonetheless, contemporary management is still controversial and it represents the main focus of the research. The management and outcomes of SCAD are substantially different from atherosclerotic ACS. In particular, the question of whether conservative medical management or coronary revascularization offers more benefits and improves outcomes is still unresolved, leaving the matter open to further discussion and research (9, 14). There are no randomized clinical trials that address this research question. Still, the European Society of Cardiology position paper (1) and the American Heart Association Scientific Statement (15) on SCAD favor a conservative strategy when revascularization is not mandatory for hemodynamic instability or ongoing ischemia. This is mostly because of the suboptimal percutaneous coronary intervention (PCI) success and the high risk of peri- and postprocedural complications in the setting of SCAD noted in observational studies (1).

The aim of our systematic review of the literature is to explore outcomes in the patients treated with conservative management vs. invasive strategy.



2 Methods

Our systematic review aimed to investigate and compare outcomes of the studies reporting treatment in SCAD patients. Since SCAD is a rare disease and there is a lack of randomized clinical trials comparing treatments, the rationale behind this is the necessity to identify potential treatment recommendations.


2.1 Literature search strategy

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guideline was adhered to when conducting the systematic review to provide a thorough and transparent report (16). Three electronic databases, PubMed, ScienceDirect, and Web of Science, were searched extensively from 1 January 2003 to 9 May 2023,with the following keywords: “spontaneous coronary artery dissection,” “SCAD,” “coronary artery dissection,” AND “treatment,” “invasive treatment,” “medical treatment,” “conservative therapy,” and “clinical outcomes.” To find other qualified studies that did not turn up in the original search, the lists of references in the eligible articles were also examined. The screening was carried out after the exclusion of duplicate articles. Initially, studies were excluded from the evaluation based on the title and abstract. Studies that were retained for the next phase were then screened and included if they reported any outcomes of invasive or conservative treatment of SCAD. Only articles with an available full-text version were included. Two independent investigators (SM, AM) reviewed all titles and abstracts and selected the potentially eligible ones. Any disagreements between the investigators were resolved by consensus.



2.2 Study eligibility

Studies published in the preceding 20 years were considered (with the study period defined as from 1 January 2003 to 9 May 2023). Different types of publications, including books, book reviews, editorials, comments, letters, opinion pieces, reviews, meta-analyses, abstracts from scientific conferences, and case reports were not taken into consideration. For each eligible study, full texts, supplementary materials, and online appendices were examined for inclusion/exclusion criteria.

The inclusion criteria were: original articles published in English, observational or randomized controlled trials, articles that contain or compare two techniques for SCAD treatment (conservative vs. invasive revascularization), and studies that reported outcomes. The outcomes of interest were all-cause death; cardiovascular death; and major adverse cardiovascular events (MACE): acute coronary syndrome (ACS), heart failure (HF), need for additional revascularization, target vessel revascularization (TVR), SCAD recurrence, and stroke. We excluded the following: studies contrasting the two approaches that did not provide clinical results; studies that, despite evaluation of the clinical outcomes, did not report in detail the type of treatment strategy; and studies that were considered very low quality or had inadequate methodology. The original study protocol was registered on the PROSPERO platform with ID CRD42023444058.



2.3 Data extraction

The key information about the articles included in this review is presented in tabular form (Microsoft Word 2016, Microsoft, Washington, DC, USA), while the analysis of the included literature was performed descriptively. Certain specificities of some studies that go beyond the tabular explanation are described in narrative detail in the Results section. Data regarding study design, sample size, clinical presentation, coronary angiography findings, length of follow-up, and outcomes of interest were extracted from the selected studies. The screening processes have been summarized via the PRISMA flowchart (Figure 1).


[image: Figure 1]
FIGURE 1
Flowchart PRISMA for management and outcomes of spontaneous coronary artery dissection: a systematic review of the literature.




2.4 Risk of bias assessment

Two independent researchers assessed the risk of bias using the Downs and Black checklist (17). After evaluation, the studies were classified as “high quality” (scoring 23–32), “moderate quality” (score 19–22), “lower quality” (score 16–18), or “poor quality” (score lower than 15) (18). Furthermore, an average of all ratings was generated to estimate the overall quality of the included research. The study design and the Downs and Black scores were used to determine the quality of evidence. Overall, 15.4% of the studies were of poor quality, 53.8% were of low quality, and 30.8% were of moderate quality (Figure 2).


[image: Figure 2]
FIGURE 2
Figure one bias assessment for included studies in the systematic review: management and outcomes of spontaneous coronary artery dissection.




2.5 Statistical analysis

Continuous variables are expressed as means ± standard deviations or median (with interquartile range) values, and categorical variables are described as numbers and percentages. To establish inter-rater reliability between two researchers who completed the bias checklist, the interclass correlation statistical approach (SPSS, IBM, New York, USA, v.20) was employed.




3 Results

There were 134,553 records identified from databases in the literature search. After removing ineligible records, 72 titles and abstracts were screened, 50 records were removed after abstract reading, and 22 publications were thoroughly assessed according to eligibility exclusion and inclusion criteria. Finally, 13 studies were included in the analysis. All of the studies were observational, with the majority being retrospective and only a few collecting prospective data. There were no randomized clinical studies. The authors reported single-center data in 10 studies, and 3 studies (19–21) were multicentric. Across all studies, sample sizes had a median (range) of 64 (10–436), and 5 trials (38.5%) had a sample size greater than 100.


3.1 Presentation and clinical characteristics

The systematic review included 1,801 individuals, and the baseline characteristics are reported in Table 1. Sufficient overall data were available in 13 studies. The overall median age was 49.12 ± 3.41, with 88% being females. Overall prevalence of arterial hypertension was 33.2%, hyperlipidemia, 26.9%, smoking, 17.8%, and diabetes, 3.9%. Out of the total cases, 48.5% were diagnosed with non-ST elevated myocardial infarction (NSTEMI), 36.8% had ST elevated myocardial infarction (STEMI), 3.41% experienced unstable angina (UA), 0.56% had stable angina (SA), and 0.11% were diagnosed with various types of arrhythmias. The left anterior descending artery (LAD) was the most common culprit lesion in 51%, followed by the right coronary artery (RCA) in 24.3%, left circumflex coronary artery (LCX) in 28.1%, and left main coronary artery (LM) in 2.85%. The majority of patients had one vessel disease, but the authors also report multivessel disease in prevalence in up to 13% of the patients (21).


TABLE 1 Basic SCAD patients characteristics.
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There were initially 65.2% of conservatively treated patients vs. 33.4% that underwent PCI or 1.28% that underwent coronary artery bypass graft (CABG). The overall rate of PCI conversion into CABG was 3.42%.



3.1 Differences between PCI vs. conservative treatment studies

The prevalence of the initial approach varies between studies. Some studies had a similar number of patients treated conservatively vs. revascularization and some favored conservative management. Vanzetto et al. (3) included 23 patients, with conservative treatment in 43% and revascularization in 57%, [CABG in 9% and percutaneous transluminal coronary angioplasty (PTCA) in 48%]. Revascularization procedures were mainly performed in patients with dissection involving theLM and the proximal or mid-LAD, while medical therapy was the preferred strategy in other locations. Tweet et al. (22) reported that those treated with initial revascularization more frequently presented with STEMI compared with those managed conservatively (51% vs. 23%; p = 0.0002) with higher rates of vessel occlusion (48% vs. 19%; p < 0.0001), larger vessel diameter (2.8 vs. 2.6 mm; p = 0.011), and higher mean lesion stenosis (90% vs. 75%; p < 0.0001). CABG was performed after PCI failure. Ma et al. (23) divided SCAD patients into high or low risk based on the lesion location and intramural hematoma. LM or proximal coronary artery segment involvement was categorized as high risk. PCI revascularization was the treatment strategy in 49.4%, and in 6.2% CABG was performed compared with the 44.4% managed conservatively. More patients in the high-risk group received PCI (68.4% vs. 32.5%, p < 0.01), while most patients in the low-risk SCAD group received conservative management (62.8% vs. 23.7%, p < 0.01). Kotecha et al. (19) compared the PCI vs. the conservative treatment cohort. PCI-treated SCAD patients had a higher prevalence of proximal, midvessel, and multisegment coronary artery lesions. Tokura et al. (24) included 10 patients. Thrombus aspiration alone was performed in three patients and it was suggested as one of the possible strategies in selected patients with SCAD, four patients were treated with stenting, two with balloons, and one conservatively.

The subsequent studies preferred initial conservative treatment. The study by de Barros Manhaes et al. (25) included 25 patients predominantly treated medically in 56% of the cases vs. the 40% PCI treated. Only the patient with multivessel dissection was treated with CABG. Alfonso et al. (26) divided SCAD patients into isolated SCAD (60%) and atherosclerosis-associated SCAD (40%). At diagnosis, the initial therapeutic strategy was always conservative medical management. Overall, nine patients (20%) required revascularization for ongoing ischemia at the time of diagnosis, seven were treated with stents, one, with balloon angioplasty, and one with LM SCAD required CABG. The study by Lettieri et al. (27) included 134 patients of which 58% were initially treated conservatively, and 42% underwent coronary revascularization as first-choice therapy. Two patients who were initially treated conservatively underwent subsequent revascularization because of clinical destabilization and angiographic progression of the dissection. CABG was performed for multivessel dissection or left main coronary artery involvement. McGrath-Cadell et al. (21) included 40 patients, of which 68% were managed medically, 30% had PCI, and 5% had CABG (rescue CABG following a ventricular fibrillation cardiac arrest, immediate two-vessel CABG when presenting with LAD and right coronary artery SCADs). Rogowski et al. (28) followed initial conservative strategy in 87.5% (PCI was performed in 9.4% because of impaired flow and ongoing chest pain, and after resuscitation. One urgent CABG was done for LAD and first diagonal branch occlusion). Bastante et al. (8) included 33 patients and initial conservative treatment was the first option in most cases (82%). Only six patients were treated with PCI as the initial strategy, four of them because of progressive flow worsening with contrast injections. The PCI conventional success was reported in 50% of the cases, and the PCI-SCAD success in 67% of the cases. One iatrogenic dissection was reported in the LM.

Hassan et al. (29) included 403 patients, 18.6% underwent PCI of the SCAD-affected artery, and 81.4% were treated conservatively during their initial SCAD hospitalization. Of the 75 SCAD patients who underwent PCI, 60 had PCI as their first-treatment strategy (80.0%), 11 had PCI after failed initial medical treatment (14.6%), and 4 had PCI after thrombolysis (5.3%). PCI was deemed successful in 34.7% (26/75), partially successful in 37.3% (28/75), and unsuccessful in 28.0% (21/75). The indications for PCI were ongoing ischemia, ongoing symptoms, ventricular tachycardia (VT) or ventricular fibrillation (VF), hemodynamic instability, LM dissection, large artery >33 mm, proximal segments, severe stenosis (90%–100%), TIMI 0 or 1 flow, Multivessel SCAD, catheter-induced dissection, and others. Garcia-Guimares et al. (20) included 318 patients. Most patients were initially managed conservatively (78%). Independent predictors of adverse events were initial management with percutaneous coronary intervention (OR, 5.97; 95% CI 1.78–20, p = 0.004) and angiographic presentation as intramural hematoma (OR, 4.96; 95% CI 1.19–21; p = 0.028).



3.2 Medical therapy

Generally, in-hospital medical therapy did not differ from standard pharmacological treatment for patients with ACS. The studies that reported details about medications are narratively described. Alfonso et al. (26) reported that at discharge patients received standard of care dual antiplatelet therapy (DAPT) for up to 12 months, oral anticoagulants, beta-blockers, calcium-channel blockers, and angiotensin system antagonists. In a study by Garcıa-Guimaraes et al. (20), at discharge 92% of patients were on low-dose aspirin and more than half (59%) were on DAPT, although relatively few were on potent antiplatelet agents (ticagrelor, 19% and prasugrel, 3%). Additional treatments at the time of discharge included beta-blockers (79%), statins (79%), and angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers (ACEi/ARB) (51%). Other authors (25) also reported that the pharmacological therapy was based on the combination of antithrombotic and anti-ischemic drugs. Lettieri et al. (27) reported 94% of PCI patients and 82% of medically treated patients received DAPT. Ticlopidine, clopidogrel, and a new P2Y12 receptor inhibitor were used in 6%, 87%, and 7% of the patients, respectively, whereas 6% received oral anticoagulants. DAPT was continued for 11.9 ± 7.1 months. A group of multicenter Australian authors in their multicentric study reported (21) that among medically managed patients, 78% were prescribed a beta-blocker, 89%, aspirin, 74%, an additional antiplatelet agent, 59%, an ACEi/ARB, 41%, a statin, and 7%, a calcium channel blocker. Rogowski et al. (28) reported that aspirin was prescribed in 97%, DAPT in 92%, oral anticoagulants in 6%, statin in 89%, beta-blockers in 86%, ACEi/ARB in 36%, and calcium channel blockers in 19% of the cases. Bastante et al. (8) reported prescribed ASA in 94%, clopidogrel in 27%, ticagrelor in 15%, DAPT in 42%, anticoagulation in 6%, beta-blockers in 85%, ACEi/ARB in 64%, statins in 76%, nitrates in 9%, and Ca-channel blockers in 9%.



3.3 Characteristics of SCAD revascularization

In the cohorts that were treated by PCI, variable incidences of complications were reported. Alfonso et al. (26) reported PCI-associated complications in 25% of the patients in the PCI group vs. the 2.7% of the conservative group. The catheter-induced, remote iatrogenic dissection of the vessel initially treated with stents underwent a second intervention with additional stent implantation in segments showing severe residual dissections. Venzeto et al. (3) reported PTCA failure in 27.2% of the patients with immediate or delayed (<48 h) extension of the dissection requiring emergency CABG. Tweet et al. (22) reported PCI failure occurrence in 53% overall, while when SCAD specific criteria (flow-based) were used, the failure rate was 30%. The reasons for technical failure in the PCI group with preserved vessel flow (23/46) were failure to cross the vessel with a wire or device because of wire entry into a false lumen (7/23), and final loss of flow after stent placement with residual stenosis >30%. Hassan et al. (29) reported PCI as successful in 34.7%, partially successful in 37.3%, and unsuccessful in 28%. The majority of the PCI-treated patients (73.3%) had stent implantation (5/55 were unsuccessful), angioplasty alone was performed in 16% (8/12 cases were unsuccessful), wiring alone was attempted in 10.7% (8/8 were unsuccessful), and cutting balloon was used in only one case. The mean number of stents implanted was 2.6 ± 1.8, and more than three stents were used in 15% of the cases. Of all PCI cases, propagation of SCAD occurred in 44%, and residual dissection was observed in 58.7%. Final TIMI 3 flow was observed in 72%, and improved TIMI flow with PCI occurred in 62.7%. Four patients required emergency bailout CABG (5.3%). In the study by Kotecha et al. (19) with the highest cohort of PCI patients (215), 72.6% of the patients underwent stenting, mostly with drug-eluting stents, 20.9% had balloon angioplasty, 5%, with cutting balloons, and 6.5% underwent wiring only. The mean number of stents deployed was 2.3 (range 1–8) per stented case, 10.6% of all SCAD-PCI cases required four or more stents. The median total length of deployed stents was 46 mm, with 29.8% of all SCAD-PCI cases requiring ≥50 mm stents, and 64.1% of the stented cases were left with residual unstented areas of dissection. PCI complications occurred in 38.6% of SCAD-PCI patients with the most common being hematoma extension in 27% and iatrogenic dissection in 8.4%. The total number of implanted stents emerged as a positive predictor for the risk of complications (OR = 1.90; 95% CI 1.26–2.85), and the maximum stent diameter remained associated with risk of serious complications in SCAD-PCI patients (OR = 2.62; 95% CI 1.28–5.39). Lettieri et al. (27) reported procedural success of PCI in 72.5% of the patients. Initial PCI was unsuccessful in 5.9%. In the study that included 318 patients, Garcıa-Guimaraes M et al. (20) found that the most common PCI procedures were drug-eluting stent implantation (58%), simple balloon angioplasty (15%), and bioresorbable device implantation (13%). The PCI success rate was 57% according to the conventional definition and 81% according to the SCAD-specific definition. Similar PCI conventional success (50%) was reported by Bastante et al. (8), and PCI-SCAD success was observed in 67% of the cases.

Tokura et al. (24) reported PCI protocol on 10 patients, where first aspiration thrombectomy was tried, then if sufficient blood flow was not obtained, subsequently balloon angioplasty followed, and bare metal stents were placed as the final step.



3.4 Outcomes

Short- and long-term outcomes are reported in detail in Table 2. In-hospital MACE prevalence was low. Overall reported in-hospital mortality was also low (1.2%). In-hospital mortality was reported in both groups in 12 studies, in total eight deaths in the conservative treatment group and seven in the revascularization group; the others did not classify mortality based on the treatment group. The follow-up (FU) range across studies was 7.3–75.6 months. Median mortality rate in FU was 1.3% (2.7% conservative vs. 2.5% revascularization group). Event-free follow-up MACE was high from 74% to 94%. The authors reported variable prevalence of follow-up MACE, recurrent SCAD up to 31%, ACS up to 27.4%, TVR up to 30%, repeated revascularization up to 14.7%, UA up to 13.3%, HF up to 17.4%, and stroke up to 3%. It is possible to explain the variation in the occurrence of MACE in different studies based on the number of patients included and the initial treatment approach. The observational nature of some studies could lead to selection bias and result in varying frequencies of MACE. Nevertheless, studies that included the highest number of patients treated with PCI overall showed a higher prevalence of MACE. In addition, in studies with the highest number of included patients (20, 29), PCI was deemed as suboptimal. The general conclusion in the majority of included studies is that conservative treatment should be the preferred method of treatment. In studies that did report follow-up angiographies, a high prevalence of vessel healing in bout groups was observed (23).


TABLE 2 Outcomes and follow-up of included SCAD studies patients.
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4 Discussion

Our systematic review of the literature tried to explore outcomes in patients diagnosed with SCAD treated with either conservative management or invasive strategy. Generally, authors reported that revascularization with PCI is associated with a higher prevalence of complications. Overall short- and long-term mortality is low and irrelevant to treatment strategy. Furthermore, event-free rate for follow-up is high. The most often reported MACE in FU was TVR, recurrent SCAD, and ACS. CABG offers excellent results in particular cases.


4.1 SCAD population characteristics

In our systematic report overall, median age was 49.12 +/− 3.41, with 88% being females. Our results are complementary with other systematic reviews and meta-analyses (9, 14, 30) that reported that SCAD primarily affects young- to middle-aged women. Although there are limited data available on SCAD due to its rarity, studies have consistently shown that women, particularly those between the ages of 30 and 50 years, represent the majority of the cases. However, it is important to note that SCAD can affect people of any age and gender. The age range of reported SCAD cases extends from 18 to 84 years, highlighting the variability in its occurrence. The reasons behind the higher prevalence of SCAD in young- to middle-aged women are still not fully understood. Some potential contributing factors include hormonal changes, such as those occurring during pregnancy or in the postpartum period, as well as underlying connective tissue disorders. Emotional stress and extreme physical exertion have also been implicated as potential triggers for SCAD in some cases. We observed a low prevalence of traditional atherosclerotic risk factors in studies included in our review. Our results were very similar to Clare et al. who compared a cohort of 208 SCAD patients with other patients presenting with ACS and found much lower prevalence of atherosclerotic risk factors, as follows: hypertension (30.8% vs. 64.8%), hyperlipidemia (27.9% vs. 62.2%), obesity (18.7% vs. 21.1%), diabetes mellitus (8.2% vs. 35.6%), and chronic kidney disease (4.3% vs. 24.3%). It is known that SCAD patients have fewer traditional risk factors (22). Nonetheless, contrary to the prior understanding, many patients do pose risk factors for ischemic heart disease, such as hypertension, smoking, and dyslipidemia, though there is no firm evidence that these contribute directly to the increased risk of SCAD (1).

In patients presenting with ACS, SCAD is generally rare, approximately noted to occur in 3%–4% (13). Among women presenting with ACS, the prevalence was reported to be higher, at 8.7% in those under 50 years old (3). Some authors reported a much higher prevalence of 24% (10) and 35% (31) in women <50 years after reviewing angiographies, thus highlighting that diagnosis can be often missed. The clinical presentation of patients with SCAD can vary widely. In our systematic review, the majority of patients, 84%, presented with ACS, with a higher prevalence of NSTEMI, compared with STEMI. In two previous studies, it was found that a greater proportion of patients with SCAD presented with STEMI ranging from 80% to 84%, in contrast to NSTEMI, which accounted for only 8%–16% of cases, while 4% of patients presented with UA (32, 33). The reason could be a lower prevalence of angiographies in NSTEMI in the previous reports. In various series, the reported prevalence of SCAD cases presenting with STEMI range from 26% to 87%, in addition, 13%–69% of SCAD patients present with NSTEMI (10, 27, 28, 31). Chest pain is usually the most commonly reported symptom (24) in 95% of the cases (15), though there are reported cases of shock (3) and sudden cardiac death (24). Nearly half of the patients with SCAD commonly had the LAD identified as the most frequent culprit lesion in our report. Similar observations have been reported in other study groups as well (34, 35).



4.2 SCAD prognosis and treatment

In recent years, there has been a notable rise in the diagnosis of SCAD owing to the increased awareness among cardiologists and the advancements in intracoronary imaging techniques. Nevertheless, optimal SCAD treatment is still debated because of the lack of large-series registries and randomized trials. The mechanism of vessel obstruction, the acute response of the blood vessel to balloon dilation, and the natural progression of conservatively managed lesions exhibit notable differences between SCAD and atherosclerotic ACS. In SCAD, vessel obstruction occurs as a result of a tear or separation within the layers of the coronary artery wall, forming a false lumen. This mechanism differs from the gradual buildup of plaque seen in atherosclerosis, which is the primary cause of vessel obstruction in ACS of an atherosclerotic origin. When it comes to the acute response of the blood vessel during balloon dilation, SCAD and atherosclerotic ACS again display dissimilarities. The characteristics of the affected vessel, such as its fragility and susceptibility to further dissection, influence the response to balloon dilation in SCAD cases. On the other hand, in atherosclerotic ACS, balloon dilation is typically employed to address the plaque and restore blood flow through the narrowed artery. Furthermore, the natural history of conservatively managed lesions also varies between SCAD and atherosclerotic ACS. SCAD lesions may exhibit a propensity for spontaneous healing and resolution over time in 70%–97% (22, 28, 36) of the selectively restudied patients after a conservatively managed index episode, whereas atherosclerotic lesions often require long-term medical management to prevent disease progression and subsequent complications. Angiographic healing is usually observed within a month (15).

The summarized data in our study suggest that conservative treatment should be absolutely preferred for patients with SCAD. In addition to this, the existing evidence strongly supports (7, 15) the adoption of a conservative approach in the majority of cases, reserving PCI with stent implantation only for unstable patients with compromised distal flow and evident ongoing ischemia. In conservatively treated patients, adverse events are usually seen in the first 7 days, hence intensive monitoring is recommended during this time. There is substantial evidence that the majority of SCAD cases tend to stabilize and eventually heal entirely over time when managed conservatively (1).

Thrombolysis is not recommended for the immediate treatment of SCAD, anticoagulants are also not recommended in routine use (1). The use and duration of antiplatelet therapies for SCAD patients are subjects of debate and vary among reported studies. As there are no randomized trials that investigate the risks and benefits of particular pharmacological treatments, recommendations are based on observational studies and available data. For patients who undergo stenting, current ACS guidelines suggest dual antiplatelet therapy for 12 months, followed by prolonged or lifelong monotherapy (usually with low-dose aspirin). Many experts support the use of acute DAPT during the initial phase, typically involving aspirin and clopidogrel rather than newer P2Y12 inhibitors while avoiding intravenous antiplatelet therapies (15). While DAPT has been widely used in SCAD, there is some registry evidence that DAPT in conservatively treated patients is associated with a significantly higher incidence of MACE when compared with single antiplatelet therapy. DAPT has been prescribed for 12 months in almost all cases (37).

Currently, a prescription of beta-blocker in SCAD is considered for left ventricular dysfunction, arrhythmias, or other indications in SCAD patients (15). Nonetheless, Saw et al. (6) reported that beta-blockers appeared to be protective in long-term cardiovascular events. As there are no randomized controlled trials to support the evidence of different treatment regimes in SCAD, the newly released Scientific Statement of the American Heart Association strongly endorsed the need for multidisciplinary and international trials for SCAD treatment. Alfonso et al. (38) published a protocol of randomized trial that will assess the efficacy and safety of different antiplatelet and beta-blocker regimes for SCAD patients. It is expected that the study will be finished in September 2024. Statins are not routinely advised for SCAD patients. There was conflicting evidence of statin safety and efficiency in SCAD (38). Decisions on other pharmacological regime prescriptions like AC inhibitors should be guideline based and individualized (1). Overall, the management of SCAD patients involves complex decisions and may vary based on individual circumstances and guidelines.



4.3 Outcomes

Our study reports low in-hospital and long-term mortality, of 1.2% and 1.3% retrospectively, on 1,801 SCAD patients. Bocchino et al. reported all-cause deaths in 2.9% of patients in the medical treatment group and 4.8% of patients in the revascularization group during a mean follow-up of 28 ± 14 months, without significant differences pooled from 24 studies. In addition to these, meta-analysis reported mortality rates without statistical difference between the two treatment approaches (14). SCAD-associated ACS is linked to a more favorable prognosis compared with atherosclerotic coronary artery disease (35). Nevertheless, we reported that SCAD poses a significant risk of MACE, mainly associated with TVR, ACS, and recurrent SCAD. Similar results are also reported by Martins et al. (14), where a significantly higher risk of TVR was found in the PCI-treated group. Recurrence of SCAD is also widely observed (9).




5 Conclusion

The aggregated information within our study indicates that SCAD is more prevalent among females with a low occurrence of traditional atherosclerotic risk factors. This systematic search review provided summarized data from similar studies that compared treatment strategies and outcomes. Our findings suggest that conservative treatment should be absolutely preferred in patients with SCAD, as PCI revascularization is linked to a higher prevalence of periprocedural complications. Revascularization benefits are not widely confirmed, thus it should be the treatment option for high-risk patients with hemodynamic instability, ongoing ischemia, and LM artery involvement. The medical approach to treating SCAD involves using beta-blockers if there are no contraindications, considering DAPT for a duration that ranges from 1 to 12 months (which remains a subject of debate), prescribing statins if atherosclerosis is present, and avoiding anticoagulants that could potentially worsen the expansion of an intramural hematoma (the primary cause of ischemia-induced SCAD). The overall short- and long-term mortality rates for SCAD are generally low and independent of the treatment strategy. Expected MACE prevalence is high in the SCAD population and it is reported in up to one third of patients with TVR, recurrent SCAD and ACS being the most frequent events. These findings could help us derive clinical decisions on a daily basis, likely reducing morbidity and mortality in this rare disease.
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Introduction: Spontaneous coronary artery dissection (SCAD) is a non-traumatic and non-iatrogenic separation of the coronary arterial wall.



Materials and methods: This systematic review and meta-analysis is reported following the PRISMA guidelines and is registered in the PROSPERO database. A literature search was focused on female patients in generative period (16–55 of age) with acute coronary syndrome (ACS) caused by SCAD, and comparison from that database NP-SCAD (spontaneous coronary artery dissection in non pregnant women) and P-SCAD (spontaneous coronary artery dissection in pregnant women).



Results: 14 studies with 2,145 females in the generative period with ACS caused by SCAD were analyzed. The median age was 41 years (33.4–52.3 years). The most common risk factor was previous smoking history in 24.9% cases. The most common clinical presentation of ACS was STEMI in 47.4%. Conservative treatment was reported in 41.1%. PCI was performed in 32.7%, and 3.8% of patients had CABG surgery. LAD was the most frequently affected (50.5%). The prevalence of composite clinical outcomes including mortality, non-fatal MI and recurrent SCAD was 3.3% (95% CI: 1.4–5.1), 37.7% (95% CI: 1.9–73.4) and 15.2% (95% CI: 9.1–21.3) of patients. P-SCAD compared to NP-SCAD patients more frequently had STEMI (OR = 3.16; 95% CI: 2.30–4.34; I2 = 64%); with the left main and LAD more frequently affected [(OR = 14.34; 95% CI: 7.71–26.67; I2 = 54%) and (OR = 1.57; 95% CI: 1.06–2.32; I2 = 23%)]; P-SCAD patients more frequently underwent CABG surgery (OR = 6.29; 95% CI: 4.08–9.70; I2 = 0%). NP-SCAD compared to P-SCAD patients were more frequently treated conservatevly (OR = 0.61; 95% CI: 0.37–0.98; I2 = 0%). In P-SCAD compared to NP-SCAD mortality rates (OR = 1.13; 95% CI: 0.06–21.16; I2 = not applicable) and reccurence of coronary artery dissection (OR = 2.54; 95% CI: 0.97–6.61; I2 = 0%) were not more prevalent.



Conclusion: The results of this meta-analysis indicated that patients with P-SCAD more frequently had STEMI, and events more frequently involved left main and LAD compared to NP-SCAD patients. Women with NP-SCAD were significantly more often treated conservatively compared to P-SCAD patients. P-SCAD compared to NP-SCAD patients did not have significantly higher mortality rates or recurrent coronary dissection.
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1 Introduction

Spontaneous coronary artery dissection (SCAD) is a non-traumatic and non-iatrogenic separation of the coronary arterial wall and an infrequent cause of acute myocardial infarction. It is more common in younger females than in other general population groups. Potential predisposing factors include fibromuscular dysplasia (FMD), partum and postpartum period, multi-parity (≥4 births), connective tissue disorders, systemic inflammatory conditions, mental stress and hormonal therapy. While uncommon, SCAD should be considered in any young patient, especially young women without a history of coronary heart disease or traditional risk factors, who presents with an acute myocardial infarction or cardiac arrest (1, 2).

Two potential mechanisms for spontaneous coronary artery dissection were described: the intimal tear hypothesis and the medial hemorrhage hypothesis. Once the SCAD happens, due to weakness of the arterial wall, dissection can further propagate anterograde and retrograde (3).

Although SCAD is most often observed in women's reproductive period, it is not yet clear whether there are differences in clinical presentation, treatment, and outcomes in pregnant women or soon after delivery, compared to other women in reproductive period. The high progesterone level during pregnancy is usually associated with SCAD because of its role in the fragility of the arterial media through the replacement of the elastic fiber and mucopolysaccharide substances and in the reduction of collagen synthesis (4, 5). Hemodynamic changes during pregnancy can also provoke SCAD. The increased cardiac output and circulatory volume during pregnancy can cause structural changes in the aorta, which can also expand to the coronary arteries (6). Some studies reported that hormonal changes with lactation may compound the effects of pregnancy (7). In patients with SCAD history, there is a risk of SCAD recurrence during pregnancy or postpartum (8).

Early diagnosis of SCAD is important because the management of SCAD differs from the atherosclerotic disease. Urgent coronary angiography is the first-line imaging for patients presenting with acute coronary syndrome (ACS). However, coronary angiography has significant limitations in diagnosing SCAD because it does not show the structure of the arterial wall. Optical coherent tomography (OCT) and intravascular ultrasound (IVUS) that image the arterial wall layers may provide further information and improve SCAD diagnosis. Still, it is not widely available and is associated with additional risks and costs (1).

The optimal management of SCAD is still unknown. All recommendations are based on expert opinions on treating individual and serial cases of SCAD. Nowadays, progress in the field of SCAD is being made by the National Registries of SCAD cases with detailed risk factors, diagnostic procedures, and treatment recommendations. This meta-analysis aims to provide a comprehensive contemporary update of SCAD assisting healthcare professionals in recognizing and managing these patients promptly and effectively. A special effort is put into detailed analysis and comparison of risk factors, coronary angiography findings, treatment, and prognosis between pregnant females with SCAD (including the three months after delivery—postpartum), labelled as P-SCAD and non-pregnant females with SCAD, labelled as NP-SCAD to facilitate early diagnostics during pregnancy or even before pregnancy in vulnerable women.



2 Material and methods

This systematic review and meta-analysis is reported following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) recommendations (9) and is registered in the PROSPERO database (CRD42023424806).


2.1 Inclusion criteria

This study included the SCAD female population in the generative period.

Inclusion criteria were: (1) females in the generative period (16–55 years) with acute myocardial infarction (AMI) caused by SCAD occurring during pregnancy or within three months post-partum; (2) the diagnosis of SCAD confirmed by coronary angiography (10), (4) for analysis we included observational studies, randomized controlled trials, quasi-randomized controlled trials, non-randomized controlled trials, prospective and retrospective cohort studies.

Studies were excluded if: (1) postmenopausal women patients were included; (2) a male population was included and not reported subgroup analysis by gender; (3) case reports and literature reviews; (4) studies that investigated only iatrogenic coronary artery dissections; and (5) individual case series included in literature reviews were excluded to avoid double counting of results, as were restatements of prior studies that contained duplicative results.



2.2 Study selection

Two reviewers independently conducted searches on all information sources. The comprehensive search and selection process was ensured by using Rayyan QCRI software (https://rayyan.qcri.org). The comprehensive search and selection process was ensured using Rayyan QCRI software. A third reviewer (SA) identified and removed duplicates and ensured independent review of titles and abstracts by blinding decisions.

In the first step of selection, the title and abstract were examined, and in the next step, when necessary, the full articles were obtained and read. Additional studies were identified through reference and citation tracking. Only articles in English were screened. Four reviewers independently screened the title, abstract and full text. Disagreement about including studies was resolved by discussion and consensus between the reviewers and collaborators (SA, AI). The study inclusion process is presented using the PRISMA flowchart (Figure 1).


[image: Figure 1]
FIGURE 1
PRISMA flow chart of the systematic literature review and article identification process included in the meta-analysis. NS, number of analyzed studies with acute myocardial infarction and SCAD; N, number of total SCAD female patients; P-SCAD, pregnancy related spontaneous coronary artery disease.




2.3 Search strategy

We comprehensively searched electronic databases, including MEDLINE and Mendeley, limited to English-language publications. The initial search was performed on 04 April 2023 and repeated on 07 June 2023 to ensure up-to-date results. Relevant literature for this review was obtained by combining MeSH terms and keyword searches. These terms were further combined using “OR” or “AND” Boolean operators, and the use of $/* was employed where applicable. For more details on the search strategy, please refer to Appendix 1.



2.4 Data collection process

Data extraction was conducted from the included studies, covering the characteristics of the study population, study design, demographic and clinical characteristics of SCAD, risk factors, clinical presentation, treatment and management, outcomes, coronary territory, and obstetrical history. The extracted data were systematically organized into tables and compared. The study's primary outcomes focused on clinical presentations, treatment and management, coronary territory, and outcomes (deaths, recurrent SCAD) in SCAD females. Missing data were not input into the analysis.

A quality assessment was carried out using the Downs and Black tools. The Downs and Black score, ranging from 0 to 27, was categorized into three tiers: good (≥20), fair (15–19), and poor (≤14).

Subgroup analysis was performed to compare age, presence of STEMI, conservative treatment, CABG, and death and recurrent SCAD between pregnant SCAD and non-pregnant SCAD females. Although we intended to assess BMI and PCI, these outcomes were not reported in studies with P-SCAD. Unfortunately, sensitivity analysis could not be performed due to the limited number of included studies.



2.5 Statistical analysis

The outcomes were treated as a dichotomous variable: presence of risk factors (yes/no), clinical presentations (yes/no), treatment and management (conservative treatment (yes/no), CABG (yes/no), recurrent SCAD (yes/no), with respective 95% confidence interval (95% CI). Statistical heterogeneity was assessed with the I2 statistic, and significance was assumed when the I2 was greater than 50%. The I2 statistic illustrates the percentage of the variability in effect estimates resulting from heterogeneity rather than sampling error. In the first part, we performed a proportional meta-analysis of the prevalence of risk factors, baseline characteristics, clinical presentation of ACS, treatment, SCAD coronary territory and outcomes using Der Simonian–Laird binary random or Peto fixed-effect meta-analysis in Open Meta. Results from the proportional meta-analysis were tabulated and graphically displayed in Table 7. Secondly, we compared risk factors, clinical presentation of ACS, treatment, coronary territory and outcomes between pregnant SCAD and non-pregnant SCAD using Peto fixed-effect meta-analysis in Review Manager Version 5.4.1. A p-value <0.05 was considered significant. Subgroup analyses were graphically presented by forest plot. Publication bias was not estimated following the recommendations for proportional meta-analysis (11).




3 Results

Figure 1 shows the PRISMA flow chart, from search and identification studies to inclusion in the meta-analysis. After removing duplicates, the abstracts of 928 articles were screened. In the screening process, 885 articles were excluded. The full text of the remaining 43 articles was assessed for eligibility. Of these, 29 studies containing male and female patients with SCAD were excluded because risk factors, treatment, and outcome data were not differentiated between men and women. Hence, fourteen (7, 8, 12–17, 18, 19–30) studies were included in the quantitative synthesis, with a population of 2,145 females in the generative period with ACS caused by SCAD (257 pregnancy—associated with SCAD—12.0% of patients) (Table 1). The general timeline of these studies ranged from 2011 to 2021. The median age of the female (in the generative period) SCAD population was approximately 41 years (33–52 years).


TABLE 1 Design of included studies, number of pregnancy-related spontaneous coronary artery dissection (P-SCAD) and nonpregnancy-related SCAD of women in the generative period (NP-SCAD) and quality of the studies.

[image: Table 1]

Analyzed characteristics of included studies: baseline clinical characteristics, clinical presentations ACS, risk factors, treatment, SCAD coronary territory, and outcomes are presented in Tables 1–6. The quality of the studies was generally poor and fair, ranging from 9 to 18 (median 13, average 13.5). Of the 14 studies examined, five were fair quality, scoring 15–18, and nine were poor quality, scoring 9–13 on the modified Downs and Black scale. Meta-analysis was conducted on baseline characteristics, clinical presentation of ACS, treatment, SCAD coronary territory, and in-hospital outcomes (Table 7). The most common risk factors were smoking history 24.9% (95% CI: 13–36.8) and hypertension 22.1% (95% CI: 11.3–32.9). There is not enough data to make a difference in the prevalence of smoking history and hypertension between pregnant and non-pregnant patients. There are no data on whether a new-onset increment of blood pressure was the reason for the occurrence of SCAD or whether the patient was treated for hypertension before. Occurrences of dyslipidemia and diabetes mellitus in analyzed female patients in the generative period with SCAD were 19.4% (95% CI: 9–29.7) and 3.3% (95% CI: 1.5–5.1). The most common clinical presentations of acute coronary syndrome were STEMI in 47.4% (95% CI: 28.5–66.2) and NSTEMI in 39.8% (95% CI: 15.2–64.4) of cases. Conservative treatment was used in 41.1% of patients (95% CI: 23.2–59.1). The percutaneous coronary intervention (PCI) was performed in 32.7% (95% CI: 19.9–45.4), and coronary artery bypass grafting (CABG) was done in 3.8% (95% CI: 0.2–5.7) of patients. The most affected artery was LAD in 50.5% (95% CI: 21.9–79.1). Multivessel SCAD was diagnosed in 15.5% (95% CI: 8.6–22.3) of patients. In the analysis of the clinical outcomes, including mortality, non-fatal MI and recurrent SCAD, the prevalence of mortality was 3.3% (95% CI: 1.4–5.1), while non-fatal MI and recurrent SCAD had 37.7% (95% CI: 1.9–73.4) and 15.2% (95% CI: 9.1–21.3) of included patients (Table 7).


TABLE 2 Summary of age, risk factors and comorbidities of reviewed patients with spontaneous coronary artery dissection (SCAD) in the included studies.

[image: Table 2]


TABLE 3 Clinical presentations of ACS overall in pregnancy-related spontaneous coronary artery dissection (P-SCAD) and nonpregnancy-related SCAD of women in the generative period (NP-SCAD) in the reviewed studies (summary of acute coronary syndrome SCAD).
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TABLE 4 Aggregate initial treatment of pregnancy-related spontaneous coronary artery dissection (P-SCAD) and nonpregnancy-related SCAD of women in the generative period (NP-SCAD) cases in the reviewed studies (summary of treatment of reviewed studies).
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TABLE 5 Vessel involvement overall in pregnancy-related spontaneous coronary artery dissection (P-SCAD) and nonpregnancy-related SCAD of women in the generative period (NP-SCAD) in the reviewed studies (summary of SCAD coronary territory were involvement of reviewed studies).
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TABLE 6 Findings of early outcomes of patients with spontaneous coronary artery dissection—overall in pregnancy-related spontaneous coronary artery dissection (P-SCAD) and nonpregnancy-related SCAD of women in the generative period (NP-SCAD) in the reviewed studies (summary of outcomes of reviewed studies (intrahospital/short outcome).
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TABLE 7 Meta-analysis of the prevalence of risk factors, treatment, involvement in coronary territory and early outcomes—pooled studies.
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The analysis of pooled data showed a significant difference in age between P-SCAD and NP-SCAD patients (mean difference was 14.3 years, p < 0.001, I2 = 0%), (Figure 2). The prevalence of STEMI was evaluated in 4 out of 14 studies. The meta-analysis result indicated that the prevalence of STEMI was significantly more frequent in patients with P-SCAD compared to those with NP-SCAD (OR = 3.16; 95% CI: 2.30–4.34; I2 = 64%) (Figure 3). The prevalence of affected left main was evaluated in 3 out of 14 studies. The meta-analysis result indicated that the prevalence of left main involvement was significantly more frequent in P-SCAD compared to women with NP-SCAD (OR = 14.34; 95% CI: 7.71–26.67; I2 = 54%) (Figure 4). The prevalence of LAD involvement was evaluated in 3 out of 14 studies. The meta-analysis result indicated that the LAD was more frequently affected in women with P-SCAD compared to those with NP-SCAD (OR = 1.57; 95% CI: 1.06–2.32; I2 = 23%) (Figure 4). The prevalence of conservative management was evaluated in 3 of 14 studies. The meta-analysis result indicated that the prevalence of conservative management was significantly higher in NP-SCAD vs. P-SCAD patients (OR = 0.61; 95% CI: 0.37–0.98; I2 = 0%) (Figure 5). The prevalence of CABG was evaluated in 3 of 14 studies. The meta-analysis result indicated that the higher prevalence of CABG was reported in P-SCAD patients compared to another group (OR = 6.29; 95% CI: 4.08–9.70; I2 = 0%) (Figure 5). The prevalence of recurrent SCAD was evaluated in 3 of 14 studies. The meta-analysis result indicated that the prevalence of recurrent SCAD was not significantly higher in patients with P-SCAD compared to NP-SCAD cases (OR = 2.54; 95% CI: 0.97–6.61; I2 = 0%) (Figure 6). Mortality was evaluated in 3 of 14 studies. The meta-analysis result indicated that the mortality was not significantly higher in women with P-SCAD vs. NP-SCAD cases (OR = 1.13; 95% CI: 0.06–21.16; I2 = not applicable) (Figure 7).


[image: Figure 2]
FIGURE 2
Forest plot age difference in pregnant and non-pregnant SCAD females.
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FIGURE 3
Forest plot for STEMI in pregnant and non-pregnant SCAD females.
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FIGURE 4
Forest plot for LM (A) and LAD (B) in pregnant and non-pregnant SCAD females.
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FIGURE 5
Forest plot for conservative management (A) and CABG (B) in pregnant and non-pregnant SCAD females.
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FIGURE 6
Forest plot for recurrent SCAD in pregnant and non-pregnant SCAD females.
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FIGURE 7
Forest plot for mortality in pregnant and non-pregnant SCAD females.




4 Discussion

SCAD is an increasingly recognized presentation of AMI, especially in young women (20). A particularly vulnerable population of patients is represented by pregnant women and the period after childbirth, where the onset of myocardial infarction caused by SCAD poses a danger for both the mother and the child, with great uncertainty if another pregnancy is planned. Mortality from infarction caused by SCAD is not negligible, especially since no data from randomized studies would show us guidelines for treating such patients (21).

What do we know about SCAD in females in the generative period, especially the risk factors, the natural course of the disease and therapeutic options?

This meta-analysis analyzed 2,145 women with ACS SCAD in the reproductive period; from that number, 257 (12%) had P-SCAD. Most included studies reported overall risk factors in P-SCAD and or overall, for male and female patients with diagnosed SCAD. The limited available information precludes reaching definite conclusions regarding the risk factors for P-SCAD vs. NP-SCAD in the generative period. Only the analysis of the age of females in the generative period, clinical presentation of ACS, SCAD coronary territory, treatment and SCAD recurrence was sufficiently powered to detect differences between P-SCAD vs. NP-SCAD.


4.1 Risk factors and associated pathologies

Statistical data processing showed that smoking history is the most common risk factor 24.9% (95% CI: 13–36.8). There is insufficient data to differentiate the prevalence of smoking history between pregnant and non-pregnant patients, although some studies reported that female smokers have a 2-fold increased risk of myocardial infarction (22, 23). Female smokers taking oral contraceptives are reported to have a 7–100 fold increased risk of myocardial infarction (22). The association between smoking can be explained through increased oxidative stress and sympathetic activity, which may predispose patients to an increased risk of acute coronary syndrome (22–24).

We found that the second most common risk factor is hypertension 22.1% (95% CI: 11.3–32.9). There is insufficient data to differentiate the prevalence of hypertension between pregnant and non-pregnant patients. There is no information on whether the sudden rise in blood pressure was the reason for the appearance of SCAD or whether the patient had a previous history of treated hypertension (25).

The pooled data of prevalence of dyslipidemia and diabetes mellitus among analyzed female patients in the generative period were 19.4% (95% CI: 9–29.7) and 3.3% (95% CI: 1.5–5.1). Data that support the hypothesis about the association between dyslipidemia and diabetes mellitus and their role in causing SCAD is that adipose tissue is also an endocrine organ that produces hormones, peptides and nonpeptides that affect cardiovascular homeostasis. Adipose tissue is a significant source of estrogens, angiotensinogen and markers of chronic inflammation that can trigger acute coronary syndrome: tumor necrosis factor alpha, interleukin-6 and plasminogen activator inhibitor-1 (26).

SCAD is often associated with “few or no traditional cardiovascular risk factors” (14). SCAD patients have a lower prevalence of traditional cardiovascular risk factors than the national, age-matched average. It is known that some risk factors such as hypertension are similar with age matched national prevalence. Therefore, SCAD should be considered in the differential diagnosis of young men and women who present with ACS even in the presence of traditional risk factors (27). Patients with ACS caused by SCAD found to have high prevalence of hypothyroidism that those with atherosclerotic ACS (28). Freire et al. showed that hypothyroidism was more associated with diffuse and distal coronary lesions with SCAD, which were mostly managed conservatively (29). Also hypothyroidism has been associated with a higher frequency of iatrogenic coronary artery dissection during angioplasty (28). Although Faden et al. did not connect hypothyroidism with increased risk for SCAD (16).

The incidence of traditional risk factors for coronary artery disease (CAD) is lower or similar in pregnant patients with SCAD compared to those with atherosclerotic myocardial infarction at similar age (8, 12, 18, 23, 30). Zeven et al. found that patients at a third trimester have a highest risk for SCAD. In other studies the highest incidence of SCAD was reported in so called peripartum (which includes delivery and 1 week after delivery) and postpartum period up to 30 days after giving birth (2). The most frequent contributing factors for P-SCAD include genetics, hormonal influences, systemic inflammatory diseases, inherited or acquired arteriopathies, and environmental factors. Special attention is given to high levels of estrogen in P-SCAD which influences the arterial wall structure. Estrogen leads to increased activity of metalloproteases which can lead to weakening od arterial wall and its dissection. In accordance with the previous, the hormonal exposure during in vitro fertilization (IVF) is associated with an increased risk for vascular dissection in treated women during and after the IVF process (31, 32). Further, hormonal therapy was found to be a potential cause of SCAD in non-pregnant women (7, 18). We did not find publications where direct and significant correlation between the use of oral contraceptives and SCAD was determined.



4.2 Precipitating stressors

Some studies mark emotional stress as a trigger for SCAD because it correlates with catecholamines (7, 16, 33–37). It is believed that catecholamines may cause structural changes in the arterial wall leading to intimal rupture or disruption of the vasa vasorum, possibly through increased myocardial contractility or vasospasm (7). Some studies emphasize the association between migraine and arterial dissection, which is explained by the hypothesis of extracellular matrix defect (16, 38). Patients with migraine could be predisposed to vascular injury and endothelial dysfunction possibly due to genetic factors or hormones (39). The sample size and available data of precipitating stressors between the P-SCAD and NP-SCAD groups were too small to confirm the statistical contribution of all precipitating stressors to diagnosed SCAD.



4.3 Coronary territory

The main mechanism of myocardial injury in SCAD is ischemia induced by coronary artery narrowing of varying degrees due to intramural hematoma formation after intimal disruption (40). The main difference in the pathophysiology of different types of SCAD is the precipitating factors and causes that lead to arterial wall weakening (40). The meta-analysis result indicated that the prevalence of left main (LM) was significantly associated with P-SCAD (OR = 14.34; 95% CI: 7.71–26.67; I2 = 54%). These findings are consistent with previous reports of LM involvement, including preliminary results of the Dissection of Coronary Arteries: Veneto and Emilia Registry (DISCOVERY) study (41).

The meta-analysis result indicated that the prevalence of LAD involvement is significantly more prevalent in P-SCAD group (OR = 1.57; 95% CI: 1.06–2.32; I2 = 23%). Compared with non-pregnant women with SCAD, P-SCAD is associated with more extensive involvement of the coronary arteries manifested by a significantly higher rate of LM and multivessel dissections (12, 18). SCAD in postpartum involved more proximal coronary segments and LAD, which likely led to higher peak troponin I level, lower left ventricular ejection fraction, and more frequent congestive heart failure on presentation (12). In addition, there is a markedly higher incidence of STEMI and involvement of the left ventricle (LV) anterior wall, and as a result, a marked decrease in LV ejection fraction compared with non-pregnant patients. There is an increased incidence of cardiogenic shock, life-threatening arrhythmias, a need for emergent CABG surgery, use of mechanical support and cardiac transplantation, and a higher rate of maternal and fetal mortality in patients with SCAD in peripartum period. Percutaneous coronary interventions (PCI) are associated with a low success rate and high incidence of complications, including iatrogenic dissections and propagation of existing dissections requiring emergency CABG surgery, in the same group of patients (18).



4.4 Therapeutic strategies

P-SCAD is potentially the most devastating variant of SCAD. Currently, the scientific community works with limited information about P-SCAD, and a major dilemma is the optimal treatment. While some of the authors suggest that conservative treatment is by far superior to percutaneous intervention (42), there are some scenarios where invasive treatment may be a better option for acute management of P-SCAD (2, 43). The rarity of this entity and the lack of randomized studies, and the complications of invasive treatment make it challenging to choose between conservative management, PCI or CABG (44). The optimal management of SCAD is still unknown. All recommendations are provided by experts' opinions on treating individual cases of SCAD. Conservative management was usually carried out in hemodynamically stable patients without ongoing ischemia or complex angiographic findings- involving the left main coronary artery (45).

Conservative treatment was used in 41.1% (95% CI: 23.2–59.1) of cases. The meta-analysis result indicated that the NP-SCAD patients significantly more frequently received conservative treatment than P-SCAD group (OR = 0.61; 95% CI: 0.37–0.98; I2 = 0%) (Figure 5). In the NP-SCAD group, 362 (63.5%) out of 570 women with SCAD underwent conservative treatment. This meta-analysis showed that a non-invasive approach to SCAD treatment is favored for hemodynamically stable patients with NP-SCAD, which confirms the results of previous studies. Although heparin is indicated in patients with ACS, it is recommended to discontinue the anticoagulation therapy after angiographic findings of SCAD to minimize bleeding and enable intramural hematoma to organize (46).

According to the contemporary guidelines, in SCAD patients undergoing subsequent PCI, dual antiplatelet therapy (DAPT) is recommended. The duration of dual antiplatelet therapy after PCI is recommended during 12 months if patients are not on high bleeding risk (46). The optimal duration of monotherapy after 12 months in SCAD patients after PCI remains still unknown (46, 47). The use of dual antiplatelet therapy for 12 months, in SCAD patients, was advocated after the publication of studies where in addition to hematoma, an intraluminal thrombus was frequently found on OCT (47). Since the precise mechanisms of the thienopyridine derivatives elimination route is unknown, the use of clopidogrel is not recommended during breastfeeding (48, 49). Also, prescription of thienopyridine derivatives should be done carefully in premenopausal women due to high risk of menorrhagia (2, 50). As well established, use of low-dose acetylsalicylic acid (<150 mg) in the second and third trimesters is safe (48, 51). There are no randomized studies investigating the use of glycoprotein IIb/IIIa inhibitors for SCAD treatment. In only one study it was noted that the use of glycoprotein IIb/IIIa inhibitors is safe in these patients (52). Therefore, the use of DAPT (but not clopidogrel in breastfeeding women) is recommended in P-SACD and NP- SCAD patients after PCI for 12 months. Single antiplatelet therapy (SAPT) or DAPT, and duration of that therapy, in SCAD patients treated conservatively should be individually tailored comparing the ischemic and bleeding risk. In the DISCO register involving women in high percentage (88.9% overall, and 39.5% of them being post-menopausal), investigators compared the prognosis in patients treated with DAPT vs. SAPT during 12 months in conservatively treated patients with SCAD. In those treated with DAPT compared to those treated with SAPT there was a significantly higher incidence of MACE (all-cause death, non-fatal MI, and any unplanned PCI) (53).

Despite their early usage for SCAD treatment, thrombolytic agents are not recommended because of the risk of dissection expansion and worsening of coronary spasm leading to coronary rupture (2, 54).

Beta-blockers significantly reduce the risk of SCAD recurrence, which can be explained by their role in the reduction of arterial wall stress (54). Nitrates, calcium-channel blockers and ranolazine should be prescribed to relieve chest pain (2, 55). Nitrates are also optimal medication for heart failure, concomitant vasospasm, and residual coronary stenosis (54). Optional agents for left ventricular dysfunction are angiotensin-converting enzyme inhibitors, beta-blockers and mineralocorticoid receptor antagonists (MRA) (47). ACE inhibitors should be carefully prescribed because they are contraindicated in pregnancy and the first month of breastfeeding (32). Statins should be prescribed only for preexisting dyslipidemia because the mechanism of atherosclerosis is not usually associated with SCAD. One small study reported higher statin use in patients with SCAD recurrence (14).

Our results have shown that 60% of females included in this study with P-SCAD are initially presented with STEMI, with high rates of LM and LAD involvement. Of the total number of patients, 41.1% were conservatively treated (95% CI: 23.2–59.1), 32.7% underwent PCI intervention (95% CI: 19.9–45.4), and 3.8% were treated with CABG (95% CI: 0.2–5.7).

In P-SCAD patients, more invasive treatments are performed, typically involving PCI and CABG, vs. a purely conservative approach which was found to be less effective for P-SCAD patients (47). According to the meta-analysis results, the CABG surgery was significantly more frequent in P-SCAD compared to NP-SCAD patients (OR = 6.29; 95% CI: 4.08–9.70; I2 = 0%). Included studies have not supplied enough data to perform a meta-analysis about PCI interventions. Factors favoring CABG vs. other therapeutic options are hemodynamic instability, failed PCI, complex coronary anatomy, three-vessel disease, LM involvement, deterioration after the initial conservative approach and ongoing ischemia and SCAD extension in the first 48 h (56).

In the study of Havakuk et al., most of the patients were presented during the postpartum period or the third trimester and none during the first trimester (18). They suggested that timing of presentation should be helpful in predicting SCAD in women with pregnancy-associated myocardial infarction. CABG surgery was done immediately after emergent CS in 6 cases and during pregnancy in 4 women. Fetal mortality was reported in 3 of the cases, all of them in women with LM dissection. Two were related to CABG surgery. Maternal mortality occurred in 5 patients. None of the described cases had a history of conventional cardiovascular disease risk factors, although one woman was diagnosed with Ehler–Danlos syndrome. Four cases presented postpartum and 1 antepartum (18).

The choice between revascularization and conservative therapy for SCAD depends on various factors, including the severity and location of the dissection, the presence of ongoing symptoms, and the patient's hemodynamic conditions. There is ongoing debate and limited evidence regarding the optimal approach, as randomized controlled trials specific to SCAD are scarce (2, 21, 42, 57).

Alfonso et al., in their prospective study of 45 patients, suggested as first-choice a “watchful waiting” approach in stable patients, with a possible switch to revascularization in case of ongoing or recurrent ischemia (51). PCI is accompanied by a risk of adverse events, including an extension of the dissection, guidewire passage into the false lumen and major side branch restriction or occlusion by the propagation of hematoma (47).

It is important to recognize that while P-SCAD is concerning, the prognosis and outcomes can vary widely among individuals. Early recognition, prompt medical intervention, and ongoing support and follow-up care can help manage the condition effectively.

In the most recent retrospective cohort study, Felbaum et al. showed that trends in therapeutic options drastically changed over time (58). In this center, the proportion of patients undergoing revascularization with CABG significantly decreased over a period: 23% of patients were revascularized with CABG before 2013, whereas no patients underwent CABG in 2018–2019. Authors concluded that patients undergoing revascularization with PCI or CABG were more likely to be younger and have pregnancy-associated SCAD, dissection of the left main or left anterior descending artery, and multivessel involvement. This supports the premise that spontaneous arterial healing with conservative management after SCAD is linked to good clinical outcomes (55, 58).



4.5 Outcomes


4.5.1 Recurrence rate

The recurrence rate of SCAD in pregnant women has been reported to range from 10% to 29% in various studies (59). Most recurrences tend to happen within the first year after the initial SCAD event, with a peak incidence in the first 4 to 6 months (21). The prevalence of recurrent SCAD was evaluated in 3 of 14 studies. Of 149 pregnant women with spontaneous coronary artery dissection, 6 had recurrent SCAD. In 32 women out of 658 in the reproductive period who were not pregnant, recurrent SCAD was reported. Our meta-analysis result indicated that the prevalence of recurrent SCAD was not significantly more frequent in P-SCAD than in NP-SCAD group, as previously reported.

It is important to note that these rates may not be universally applicable, and individual cases may vary. Due to the limited data on mortality and recurrence rates, specifically in pregnant women with SCAD, medical professionals must provide tailored care and closely monitor patients who experience this condition during pregnancy. Recurrent ischemic events because of persistent or new spontaneous coronary artery dissection are common during long-term follow-up (18, 40).



4.5.2 Mortality rate

Notably, SCAD mortality rates in women are generally lower than those observed in men with traditional atherosclerotic coronary artery disease. However, the risk of mortality in SCAD can still be significant, including the severity and extent of the dissection, underlying risk factors or comorbidities, and the timeliness and effectiveness of medical intervention. Several studies have reported mortality rates ranging from 0% to around 10%, with higher rates in specific subgroups (14).

The mortality and recurrence rates of SCAD in pregnant women are areas of ongoing research, and limited specific data is available. However, several studies have provided insights into these aspects of SCAD in pregnant women. In a retrospective study conducted by Tweet et al., which included 12 pregnant women with SCAD, the overall mortality rate was reported to be 8.3% (60). In a larger retrospective study by Saw et al., which included 87 women with SCAD, 6.9% of the cases occurred during pregnancy (1). The mortality rate in the pregnant group was reported to be 5.3% (33).

Of note, mortality rates may vary among different studies due to differences in patient populations and methodologies. In our analysis of the clinical outcomes, including mortality and non-fatal myocardial infarction (MI) and recurrent SCAD, the prevalence of mortality was 3.3% (95% CI: 1.4–5.1), while estimated prevalence of non-fatal MI and recurrent SCAD was 37.7% (95% CI: 1.9–73.4) and 15.2% (95% CI: 9.1–21.3) (Table 1).

Mortality was evaluated in 3 of 14 studies. Of 149 pregnant women with SCAD, death was the outcome in 6 women, while out of 658 women in the generative period who were not pregnant, 32 died. The meta-analysis result indicated that mortality is not significantly higher in P-SCAD compared to NP-SCAD patients as reported by some studies (18) (Figure 7).




4.6 Limitations

This study has several limitations and strengths. Firstly, it was limited to publications available in the English language and was focused on observational studies. Secondly, there was substantial variation in sample sizes across the included studies. Thirdly, high heterogeneity and a limited number of studies prevented a full meta-regression and subgroup meta-analysis; therefore, all findings must be interpreted cautiously. In the proportional meta-analysis, we used random effect due to the heterogeneity of included studies. Unfortunately, sensitivity analysis could not be performed due to the limited number of studies.




5 Conclusion

There is great heterogeneity in the methodology of examining the risk for the occurrence of SCAD as well as the decisions for the therapeutic approach in females in the generative period.

Female patients with P-SCAD have more frequently STEMI with involved left main and LAD compared to NP-SCAD patients. Women with NP-SCAD are treated conservatively in higer percentage than P-SCAD patients. Interstingly, P-SCAD compared to NP-SCAD patients do not have significantly higher mortality rates or recurrent coronary dissection.

Developing specialized SCAD registries and research efforts has also contributed to a better understanding of the condition and its outcomes.
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etal. () |etal ( )|etal()|etal.( ) etal.( )|etal( )| etal( ) etal.( ) etal( )|etal( ) etal( )|etal.( ) etal.( )| etal( )
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patients
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LM, n 8 26 1 0 NA 4 NA 4 7 NA 8 2 NA
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Nakashima et al. (7) Netherlands Cohort study 20,195

Daoulah et al. (40) | 2021 | United States Observational study 8 2 12 16
Tweet et al. (8) 2017 | United States Mayo SCAD registry 33 323 88 12
Ito et al. (12) 2011 | United States Case series, retrospective study 23 23 7 13
Vautrin et al. (61) 2020 | United States Cohort study 144 51 0 13
Fahmy et al. (17) 2016 | United States Cohort study 288 263 0 12
Tweet et al. (15) 2014 | United States Retrospective study 189 174 2 16
Cauldwell et al. (19) | 2020 | England Multicenter retrospective study 7 2 2 13
Havakuk et al. (18) | 2017 | United States Case series, retrospective study 120 120 84 1
Chen et al. (30) 2021 | United States Case series, retrospective study 307 307 0 13
Faden et al. (16) 2016 | England Cohort 7 7 0 15
Tweet et al. (14) 2012 | United States Retrospective study 87 pa ! 13 13
Tweet et al. (62) 2020 | United States Cohort study 636 636 18 18
Toggweiler et al. (13) | 2012 | Switzerland Cohort study 12 9 2 9
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etal () etal.( ) etal.()|etal.( )|etal.( ) etal.( ) etal.( ) etal( )|etal.{( )| etal( ) etal( etal.( )|etal( )| etal.( )

Age +SD, years

BMI = SD, kg/m’ 25:46 20054 | 255+50 NA NA NA NA NA NA NA NA 26257 | 250+60 NA
Hypertension, n 10 % 86 13 9 87 NA NA 5/95" 9 NA 13 6 NA
Smoking, n 18 6 86 7 36 32 NA NA 12/96" NA NA NA 4 NA
Dyslipidemia, n 6 12 13 5 16 53 NA NA 9/94° 81 NA 7 4 NA
Diabetes mellitus, 1 NA 6 3 1 4 8 NA NA 4195 24 NA 2 1 NA
FMD, n NA NA 161 NA NA 191 NA NA NA NA NA 10 6 NA
Emotional stress, n NA 2% 43 4 NA 144 NA NA NA NA NA NA 9 NA
Migraines, n NA 17 47 NA NA NA NA NA NA NA NA NA 9 NA
Thyreoidism, 1 NA NA 51 NA NA NA NA NA NA NA NA NA 2 NA
IVE, n NA NA 15 NA NA NA NA NA NA 6 NA 1 3 NA
Hormonal therapy, n 1 5 59 NA NA NA NA NA 7138 () 18 NA 1 NA NA
C " 0 NA NA 2 NA NA NA NA NA NA NA 5 NA NA
Eclampsia, n NA NA 1 NA NA NA NA NA 8165 (2) NA NA NA NA NA

NA, not available—unavailability of data for the examined group of female patients in the generative period; BMI, body mass index: FMD, fibromuscular dysplasia; IVF, in vitro fertilization.
3Data were not provided for all the patients.
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baseline; LVEF, left ventricular ejection fraction after 3-month FU; LVESVy, lef
ventricular end-systolic volume at baseline; LVESV,, left ventricular end-systolic
volume after 3-month FU; LVESVI, left ventricular end-systolic volume index at
baseline; LVESVL,, left ventricular end-systolic volume index after 3-month FU;
LVGLS;, left ventricular global longitudinal strain at baseline; LVGLS,, lef
ventricular global longitudinal strain after 3-month FU

Bold values denote significant differences (p < 0.05).
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Screened for inclusion all patients with a clinical
presentation of STEMI anterior localisation
between January 2023 and September 2023

Exclusion criteria:

— <18 or >55 years

— History of:
+ acute myocardial infarction (AMI) or coronary

interventions

heart failure

malignant diseases

obstructive pulmonary disease

hepatic or renal failure (eGFR < 60 mL/min/1.73 m*)

acute or chronic infections

ketoacidosis

+ treated with i ids or i i
agents

+ uncontrolled hypertension

Inclusion criteria (female patients 218 or <55 years):

‘With Type 1 STEMI or
With SCAD STEMI

P

.

Female patients with Type-1 STEMI \ ’ Female patients with SCAD STEMI
=11)

Baseline

+ CMRKR

¢+ Clinical assessment
* Echocardiography

{

‘ Randomly selected 10 patients from both groups

oz

N

| Patients with Type 1 STEMI (N=10) | | Patients with SCAD STEMI (N=10)

*  Echocardiography

3 months follow-up ‘

“in disputed cases
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Age, years (mean + SD)

SCA
STEMI (n=
11)
451+73

Type 1 STEMI
(n=21)

46267

BMI, kg/m” (mean + SD)

248+42

261+ 4.1

Hypertension (%)

474

66.7

Hyperlipidemia (%)

333

22

Diabetes (%)

0

0

Renal insufficiency (%)

0

0

Family history of coronary diseases
%)

0

22

‘Smoking (%)

333

667

Stressful situation (%)

273

239

Pregnancies/postpartum (%)

182

48

Systolic BP, mmHg (mean = SD)

1475+322

12224235

Diastolic BP, mmHg (mean = SD)

673+194

733+9.1

Heart rate, bpm (mean * SD)

825141

71581

SCAD type (%)

/

182

363

273

/

TIMI (0/1/2/3) (%)

0

273

1

2

273
273

Localization of occlusion, n (%)

LAD

11 (100)

18 (85.7)

LAD +Cx

0

2(95)

LAD + D1

0

1(48)

‘Time from symptom onset to PCI
center admission, h (mean + SD)

297 +206

260+2.70

Heart failure (Killip class >2) (%)

222

105

Arthythmia (%)

Ventricular tachycardia

22

476

Ventricular fibrillation

125

19.0

Atrial fibrillation

0

53

High-sensitivity troponin T (ng/L)

1,407.7 +4109

1,833.7 £ 600.0

Creatine kinase (U/L)

867.7 % 206.1

1,894.4 + 468.0

NT-pro BNP (pg/ml)

174.6+1235

1,401.4 + 700.7

Total cholesterol (mmol/L)

46207

49+16

High-density lipids (mmol/L)

17404

12204

Low-density lipids (mmol/L)

24205

32:11

Triglyceride (mmol/L)

12404

11205

hs-CRP (ng/L)

55.9+33.1

275+148

Aspirin (%)

818

905

P2Y12 inhibitors (%)

Clopidogrel

Ticagrelor

therapy (%)

ACE inhibitors (%)

BB (%)

Statins (%)

PCI (stent/POBA) (%)

BB, beta-blockers; BMI, body mass index; BP, blood pressu

Cx, circumflex

coronary artery; D1, first diagonal branch coronary artery; NT-pro BNP,

N-terminal pro-B-type natriuretic - peptide:

without a stent

Bold values denote significant differences (p < 0.05).

POBA, balloon angioplasty





OPS/images/fcvm-10-1280605/fcvm-10-1280605-t002.jpg
Baseline SCAD-STEMI | STEMI type 1 P
echocardiography (n=11) (n=21)
LVEDD (cm) 49+04 50+06
LVESD (cm) 32404 32+08
LVIVS (cm) 098+0.17 0.98+0.19
LVPW (cm) 0870.15 095+0.14
LV mass index (g/m’) 722140 97.62214
WML 148043 151043
Peak E wave velocity (m/s) 066+0.16 058=0.17
Peak A wave velocity (m/s) 062015 062=0.12
E/A ratio 110044 091042
Peak ¢’ medial velocity (cm/s) 65+13 77430
Peak ¢ lateral velocity (cm/s) 85+19 85231
Ele’ average ratio 77+26 78+ 16
LAV (ml) 40576 325:128
LAVI (ml/m?) 232+5.1 182267
LVEDV (ml) 1223+183 1015398
LVEDVI (ml/m?) 600+ 166 543+314
LVESV (ml) 69583 565+ 198
LVESVI (ml/m’) 33792 302+ 161
LVEF (%) 480+7.1 486114
LVGLS (%) -14.0+2.77 -133:45

Baseline CMR SCAD-STEMI | STEMI type 1
0) (n=10)
LVEDV (ml) 14422365 151.8+ 282
LVEDVI (ml/m?) 833178 8242108
LVESV (ml) 7212338 75.7+261
LVESVI (ml/m?) 413+ 18.1 4£20+137
LVEF (%) 508+11.1 433133
LGE (%) 10088 143266

LAV, left atrial velocity: LAV, left atrial velocity index; LVEDD, left ventricular end-
diastolic dimension; LVESD, left ventricular end-systolic dimension; LVIVS, left
ventricular interventricular septum dimension; LVPW, left ventricle posterior wall
dimension; WMI, wall motion index.

Bold values denote significant differences (p <0.05).
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Available evidence

Predisposing conditions
Fibromuscular dysplasia

Multiple cohort studies

Coronary tortuosity and ectasia

Single cohort study (tortuosity), case
reports (ectasia)

Pregnancy (antepartum, postpartum,
multiple pregnancies)

Multiple cohort studies

Connective tissue disorders
Marfan’s syndrome
Loeys-Dietz syndrome
Ehler Danlos syndrome type IV

(vascular type)

Polyeysic kidney disease

Hormonal imbalance/therapy
Oral contraception
Estrogen

Single case reports or small case series
Multiple cohort studies and single
genetic study confirm rare association
between SCAD and heritable
connective tissue disorders

Female sex predominance in multiple
cohort studies
ith exogenous hormones

therapy
Clomiphene

PHCG

Testosterone

Polyeystic ovarian syndrome

limited to case reports and reported
prevalence of hormone therapy in
cohort studies

Systemic diseases
Systemic lupus erythematodes
Inflammatory bowel disease

Churg-Strauss syndrome

Granulomatosis with polyangiitis
(Wegener)

Rheumatoid arthritis

Takayasu arteritis

Hypothyroidism

Celiac disease

Cryoglobulinemia

Reported increased prevalence of
inflammatory conditions in cohort
studies

Single case reports or small case series

Traditional risk factors

Aterial hypertension
Hyperlipemia
Depression (30) (ref)

Multiple cohort studies

Precipitating factors

Intense exercise (isometric, aerobic)

Multiple cohort studes, single case
reports, and small case series

Emotional stress

Multiple cohort studies

Coronary Spasm

Small case series

Recreational drugs
Cocaine
Amphetamines

Isolated cases in cohort studies and
case reports

Valsalva type activities (sexual activity,
vomiting, cough etc.)

Single case reports

Drugs: calcineurin inhibitors, 5-FU,
fenfluramine, corticosteroids,
methylphenidate, ergotamine,
sumatriptan, dobutamine

Single case reports

Sleep deprivation

Single case report

Hypersensitivity reactions

Single case report

B-HCG, f-subunit of hCG gonadotropin; 5-FU, 5-fluorouracil,

Table was modified from Supplementary material online for: ESC-ACCA positior
statement on_ spontaneous coronary artery dissection: Eur Heart J 2018;3S
(36):3353-3368.
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