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Abstract

remained asymptomatic at follow-up.

Spontaneous coronary artery dissection (SCAD) is defined as non-iatrogenic and non-traumatic dissection of the coronary
artery which can lead to hematoma formation affecting the blood flow. Conservative management is preferred over revascularization
in patients with SCAD and preserved blood flow, however, revascularization is recommended in patients with ongoing ischemia,
left main artery involvement, or impaired blood flow. Since conventional revascularization is associated with an increased risk of
stent misplacement, thrombosis, and hematoma propagation, new techniques including cutting balloons (CB) have been offered.
Cutting balloon makes fenestrations in the wall of the hematoma and leads to drainage of the hematoma. Our study includes 25
published cases of SCAD who presented with ST-elevation myocardial infarction and underwent CB revascularization. Isolated
CB resulted in thrombolysis in myocardial infarction (TIMI) 3 blood flow restoration in 15 patients and TIMI 2 blood flow in one
patient. Eight patients required further stenting due to ongoing ischemia after using CB. One patient underwent coronary artery
bypass graft (CABG) due to cardiogenic shock. Hematoma expansion was reported in 2 cases. Except for one patient, all cases

Introduction

Spontaneous Coronary Artery Dissection (SCAD) is one of
the less common causes of acute coronary syndrome. It is defined
by non-iatrogenic, non-traumatic dissection of the coronary artery
resulting in the formation of a false lumen affecting the blood flow.
It is more common in females and is associated with pregnancy,
fibromuscular dysplasia, infertility treatment, migraine headaches,
and hypothyroidism [1,2]. Chest pain is the most common

presentation; most patients manifest with ST-elevation myocardial
infarction (STEMI) or non-ST-elevation myocardial infarction
(NSTEMI). Angiography is the gold standard for diagnosis.
SCAD is divided into three subtypes based on the angiographic
features: Type 1 is characterized by multiple lumens separated by
a flap.6Type 2 presents as a long section of smooth stenosis along
the vessel lumen, further divided into Type 2a, where the caliber
continues beyond the stenosis, and Type 2b, where the stenosis
extends to the most distal angiographic area. Type 3 is defined as a
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focal stenosis resembling atherosclerotic plaque [3].

Currently, conservative management is recommended in
stable patients, however, patients with hemodynamic instability,
ongoing ischemia, and dissection of the left main artery need
revascularization. There is no solid guideline regarding the type
of invasive treatment and decisions are made on a case-by-case
basis [4].

As stenting can be challenging and may result in
complications, novel techniques including cutting balloon (CB)
revascularization, have been offered [5]. CB makes fenestrations
in the hematoma resulting in hematoma decompression and blood
flow restoration (Figure- 1).

Figure 1: Schematic presentation of CB

CB therapy is an appropriate management of SCAD.
However, relatively small amounts of research have been
conducted on this matter. In this manuscript, we intend to review
the efficacy of CB usage in the cases of SCAD in patients who
presented with STEMI by examining currently available data.

Materials and methods

A systematic literature review was performed on 2 major
databases including Google Scholar and Pubmed. The keywords
“SCAD”, “STEMI”, and “cutting balloon” were used. The inclusion
criteria were case reports written in English that presented patients
with STEMI who underwent cutting balloon revascularization.
The exclusion criteria were papers in languages other than English
and articles requiring a subscription. The final analysis included 25
case reports published between 2014 and 2023.

Results

Among the cases, 92% were female, and the average
age was 44.56 years. Past medical history including diabetes,
hypertension, hyperlipidemia, and recent pregnancy was reported
in 7 of the cases. The left anterior descending artery (LAD) was
the most frequently affected artery, accounting for 80% of cases
and the middle LAD was the most commonly involved segment
(55%). 55.5 % had an extension of dissection from the middle to
the distal part of LAD. Multi-vessel dissection was observed in
only four cases. Details of the utilized manuscripts are presented
in (Table- 1).

Purpose

Author [Year of Publication [Sex  [Age | Past Medical History |Affected Artery

Besis etal. [6] 2023 F 58 INone LADA (after the first septal branch)
INelson etal [7] 2023 F 36 INone LADA,RCA

Bastante et al.[8] 2022 IF 43 IN/A LADA

[Yamamoto et al. [9] 2022 M 70 IN/A IProximal LADA

Bastante et al. [8] 2022 F 46 IN/A LADA

Zghouzi etal.[10] 2021 F 72 IN/A Mid-LADA

Matsuura et al. [11] 2021 IF 31 [Recent pregnancy IMid- distal LADA

Fujito etal. [12] 2021 IF 50 INone Distal RCA

Bresson etal. (13] 2019 F 36 INone Proximal LADA

Kaya et al.[14) 2019 3 46 INone IProximal to mid- LADA

INoguchi et al. [15] 2018 M 42 INone Distal LM, proximal- mid LADA, proximal-mi d LCX
Main etal. [16] 2018 F 62 INone [Diagonal

Leeetal. [17] 2017 F 42 INone Mid-LADA

Lee et al.[17] 2017 3 39 [Recent IPregnancy Ostial to distal RCA
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Lee et al.[17] 2017 F 46 INone Mid- distal LADA

[to et al. [18] 2016 F 46 INone Mid- distal LADA

Alkhouli et al. [19] 2015 F 50 INone Mid- distal LADA

[Yumoto et al. [20] 2014 F 47 INone Mid- distal LADA

Uemi et al. [21] 2013 F 42 [Hyperlipidemia Mid- distal LADA

Macaya et al. [22] 2021 F 28 [Pregnancy Left main, LAD and ostium LCx
[Kahata et al. [23] 2017 F 39 INone Distal OM

Mailey et al. [24] 2022 F 30 [Pregnancy LAD with extension to LCx
Ejima et al. [25] 2015 F 32 [Pregnancy Mid LAD

Low et al. [26] 2020 F 32 [Pregnancy, Hyperlipidemia [Proximal LAD

McConkey et al.[27] 2023 F 49 INone LCX

F, female; M, male; Mid, middle; LADA, left anterior descending artery; LCX, left circumflex; RCA, right coronary artery, LM; left main

Table 1: Characterization of the utilized case reports and their available data

The Boston Scientific CB was the predominant balloon used in the cases, however, in 8 cases the type of CB was not reported. The
balloon diameter ranged from 2 mm to 4 mm with a length of 10 mm to 30 mm. In most cases, the balloon was inflated in the middle
of the dissection. Multiple inflations were reported in different cases. In 37.5% of cases, CB was inflated 2 times [10,11,16,17]. Case-

specific procedure details are described in (Table 2).

[Ballon diameter . . INumber s of |Ballo on
Author [Ballon Type and length [Inflation location nflation ATM Stent [Reason for stent
Besis et al Boston Scientific, Mid and distal
(6] Flextome (2,3.5)x (10,20) _LADA 4 IN/A No IN/A
Nelsonetal. [7]  [NA N/A LADA N/A N/A  [Yes  [recurrent chest pain and
involvement of significant vessel
OBastante Spectranetics hsxlSmm  |NA Multiple [NA  [No  [N/A
et al.[8] Angiosculpt
[Yamamoto Proximal LADA
et al. [9] N/A 4x15 mm (Distal to stenosis) NA NA No NA
Bastante Spectranetics .
ot al. [8] Angiosculpt 2x20 mm IN/A Multiple IN/A INo IN/A
eztg;"[“f(;] Boston Scientific 3.0x20mm  [Mid-LAD A 2 NA  [No [NA
Matsuura et al, [11] [2oSton Scientific 3-XNAZSX Iy ctal LADA b NA  [No  [N/A
[Wolverine INA
[Fujito et al. [12] INA 2.0x 10 mm IN/A 1 IN/A INo IN/A
Bresson et al. [13]  |Boston Scientific 2.5X10 mm Mid- LADA IN/A IN/A [Yes  |[TIMI2
Boston Scientific, [Mid and distal
Kaya et al. [14] Flextome 2.5 xNA L ADA 3 4 No N/A
. L [Proximal and Mid- . .
INoguchi Boston Scientific, 3 (LCX), 3.5(LA L ADA- 8 (LCX); s NVes TIMI 1 and dissection newly
etal. [15] Flextome DA) P 10 (LADA) occurred in the proximal LAD
Mid-LCx
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Main et al. [16] Boston Scientific, D.5x10mm  |Mid-Diagonal b 3 No [N/A
[Flextome
3.5x30 .
Lecetal. [17] IN/A o (Whole RCA Multiple IN/A INo IN/A
Lecetal. [17] NA h2sx10mm [ hrerthe Ist b NA  [No [NA
diagonal
Leeetal. [17] INA 2.5x NA INA IN/A IN/A [Yes  [TIMI 1
lto etal. [18] Boston Scientific, hx NA Distal LADA 1 ] No [N/A
Flextome
[Alkhouli [Boston Scientific, Mid and distal .
ot al. [19] Flextome 2.0x10 mm [ ADA 2 2-4 [Yes  [Not mentioned
[Yumoto et al. Mid and distal
[20] N/A 2.5x NA LADA 2 2-4 No  [N/A
Uemietal [21]  [poston Scientific, 3x NA N/A N/A NA  [No [NA
Flextome
Macaya etal. [22] 'Wolverian 2 and 2.5 Mid —distal LAD  [N/A IN/A [Yes  [Not mentioned
Kahata etal [23] |Doston Scientific, N/A IN/A IN/A NA  [No [NA
Flextome
. Boston Scientific, 2.5 [Mid-distal Proximal [Despite TIMI2 had cardiogenic
Mailey et al. [24] Wolverian nd 3 L AD IN/A IN/A CABG hock
Ejima et al. [25] Boston Scientific, 3x 10 Mid LAD multiple IN/A Nes Transient improvement in the
Flextome flow
Low etal. [26] IN/A 2,3,3.5 [Proximal LAD 3 IN/A [No IN/A
[McConkey et al. [27] |Wolverine 2.5 LCX IN/A IN/A [Yes No s1ent ficant changes after
ballooning

infarction

Mid, middle; LADA, left anterior descending artery; LCX, left circumflex; RCA, right coronary artery; N/A not available; TIMI, thrombolysis in myocardial

Table 2: Case-specific procedure details

In 15 out of 16 patients, thrombolysis in myocardial infarction (TIMI) 3 flow was successfully achieved with isolated CB. In
1 case TIMI 2 was established after CB and no stenting was performed [13]. In 8 out of 25 cases (32%), stenting became necessary
due to ongoing ischemia or impaired blood flow after CB. [7,9,13,15,17,19,22,25,27]. CABG was performed in just one case. Further
hematoma expansion was reported in two cases [9,15].

The most frequent follow-up imaging was coronary angiography (CAG) performed in about 50% of patients. Computed tomography
angiography (CTA) was performed in 6 cases within a span of 4 weeks to 36 months. In 2 cases, an echocardiogram was performed at the
time of discharge and 6 weeks afterward. Among all cases subjected to follow-up, 36.8% had residual partial intimal tearing. However,
31.5% demonstrated complete healing over 36 months. Case-specific follow-up details are detailed in (Table 3).

[Author

Time of follow-up

Imaging

Imaging finding

Besis et al. [6]

4 months

CAG

'Well healed LADA,

INelson et al.[7]

4 hours later and 6 months later

4 hours (LADA): CAG
6 months (RCA): CAG+OCT

Improved flow in LADA
expanded and apposed stents In RCA

Bastante et al. [8] |6 months CAG Residual partial intimal tear
[Yamamoto et al. [9] 6 months CAG+OCT Residual partial intimal tear
Bastante et al. [8] |6 months CAG Residual partial intimal tear
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Zghouzi et al.[10] 14 weeks CTA Healing of coronary dissection

Matsuura et al. [11] ({10 months CTA Healing of coronary artery dissection

Fujito et al. [12] 6,12, and 36 months CTA Dissection present up to 12 months, healed at 36 months
Bresson et al.[13]  [NA INA INA

Kaya et al. [14] igzyls’yigmmh glﬁrisaizyi’ycel? ! Healing of coronary artery dissection

INoguchi et al. [15] |6 months CAG Residual partial intimal tear

Main et al. [16] 6 weeks Echocardiography Engitc())ng?z\?a,ﬂIl\Ir(r)lo tion abnormality

Lee et al. [17] INone INone INone

Lee et al. [17] INone INone INone

Lee et al. [17] IDischarge Echo EF 25-30% with severe hypokinesis

[to et al. [18] 3 months CTA Residual partial intimal tear

Alkhouli et al.[19] [NA INA INA

[Yumoto et al. [20] |6 months CAG+OCT Residual partial intimal tear

Uemi et al. [21] 13 days CAG Residual partial intimal tearing

Macaya et al. [22] |7 days CAG Patent vessels with partially thrombosed false lumen
[Kahata et al. [23] 4 months CAG Favorable vascular healing

Mailey et al. [24] IN/A IN/A CABG

Ejima et al.[25] IN/A IN/A IN/A

Low et al. [26] IN/A Coronary CTA luminal irregularity of her LAD

McConkey et al. [27] |A few months CAG with IVUS Stent malposition

(CAG, coronary angiography; OCT, optical coherence tomography; EF, ejection fraction; N/A, not available; CTA, computed tomography angiography; IVUS,
intravascular ultrasound; LAD, Left anterior descending; CABG, coronary artery bypass graft

Table 3: Case-specific follow up details
Discussion

In our study, most patients were female and the median age was less than 60 years old, consistent with the findings of existing
literature [22]. Six out of 25 patients had SCAD postpartum. Except for two patients who had HLP, none of the patients had typical
cardiac risk factors including diabetes and hypertension. LAD was the most common culprit artery and middle segment involvement was
reported more frequently [6,10, 12-14,19,20,22,24,25]. TIMI 3 blood flow was established in 93.3% of patients who underwent isolated
CB. One case underwent CABG. Recurrence of SCAD was not reported in any of our patients. However, chest pain was reported in one
of the cases a few months later.

Currently, available SCAD treatment guidelines advise medical therapy for stable patients. In a meta-analysis, there were no
significant differences in all-cause mortality, heart failure, and myocardial infarction among patients in stable condition who were treated
with conservative management compared to the patients treated with an intervention; furthermore, targeted vessel revascularization
(TVR) was even lower in patients managed conservatively [29]. Revascularization is recommended, however, in unstable patients or
with ongoing ischemia or left main artery involvement. Conventional PCI revascularization might be challenging in patients with SCAD
due to the false lumen interaction and risk of stent displacement. The success rate of revascularization is notably lower compared to
atherosclerotic lesions (47%) [30]. Moreover, given the length of dissection, longer stents might be needed which can be associated
with an increased risk of stent thrombosis. One of the other complications of stenting in SCAD is hematoma propagation, which
has been reported in 33% of patients [31]. However, in our study hematoma propagation was reported in 2 out of 25 cases after CB
[9,15]. Although CB can potentially lead to hematoma expansion, it not only decompresses the false lumen and decreases the risk of
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stent misplacement, as demonstrated in multiple case reports but
can also restore TIMI 3 blood flow, resolve ST-segment elevation,
alleviate chest pain, and prevent stenting.

The prognosis of SCAD is favourable and spontaneous
healing of the vessel wall is anticipated [1]. The recurrence rate
is approximately 10.4 % [1]. In our study, 31.5 % of patients who
underwent follow-up had complete healing within 36 months
after CB [6,10-12,14]. Residual partial intimal tearing after 6
months was reported in 36.8% of patients who had follow-up
[8,9,15,20,21]. Since no documented follow-up was performed in
these cases beyond 6 months, complete healing could have been
documented with further follow-up. No recurrence of SCAD was
reported throughout the study period.

Intravascular ultrasound or optical coherence tomography
(OCT) was utilized in almost all cases for the SCAD diagnosis
and determining an appropriate CB size. However, OCT might be
associated with an increased risk of hematoma propagation due to
the use of contrast [14]. Based on the published case reports, CB
smaller than the size of the affected vessel and lower pressure (2
ATM to 4 ATM) is favored and might be associated with a lower
risk of vessel perforation [12].

Limitations

There are some limitations in this study. As it is an emerging
method, there are a few case reports about CB in SCAD patients.
Documentation of the patient’s risk factors, balloon type, vessel
size, and number of insufflation was not complete in all of the studied
cases. Since most of the patients did not have typical cardiac risk
factors like diabetes which can affect the coronary artery wall, the
use of CB in these patients may not have been appropriate. To our
knowledge, no studies are comparing conservative management
versus CB who do not meet the criteria for an intervention.
Multiple imaging modalities with different sensitivities were used
for follow-up. Patients’ follow-ups were at different time frames.
The selective use of free published case reports as funding for the
acquisition of paid data was unavailable likely introducing bias
to the reported trends. To have better insight into the efficacy and
complications of CB in SCAD patients, further trials are required.

Conclusion

Our knowledge regarding CB usage in patients with SCAD is
very limited. CB angioplasty appears to be a promising technique
in the management of SCAD patients based on the published case
reports. Our study demonstrated its potential to prevent stenting or
optimize PCI outcomes. To solidify this observation and establish
CB as a standard treatment for SCAD, large trials are essential.
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